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PREFACE 


IT  is  important  that  the  reader  should  be  made  aware  of  the  limits  of  this 
book.  In  the  first  place,  it  is  not  a  book  on  Materia  Medica ;  the  natural 
history,  source,  characters,  and  chemistry  of  the  drugs  are  either  entirely 
omitted,  or  only  described  in  the  case  of  the  more  important  drugs,  as  far 
as  has  seemed  necessary  to  help  to  explain  their  action  or  use.  Next,  no 
attempt  has  been  made  to  deal  with  purely  surgical  therapeutics.  Thirdly, 
doses,  prescriptions,  the  composition  of  preparations,  and  minor  chemical 
varieties  of  drugs,  are  often  left  out,  because  it  was  felt  that  every  reader 
of  it  would  possess  a  book  on  Materia  Medica  or  a  Pharmacopoeia.  Again, 
in  order  to  save  space,  and  because  every  reader  probably  has  in  some  book 
tables  of  metric  and  English  equivalents,  no  such  tables  have  been  inserted. 
As  a  rule,  the  metric  system  has  been  used  when  describing  laboratory 
work,  and  the  English  when  giving  clinical  directions.  To  a  certain 
extent,  the  drugs  have  been  arranged  according  to  their  pharmacological 
affinities,  but  in  some  instances  the  arrangement  depends  upon  the  con- 
venience of  keeping  together  several  minor  drugs  described  by  the  same 
author.  It  is  hoped  that  the  index  will  atone  to  some  extent  for  imperfect 
classification.  In  many  instances  it  has  been  found  impossible  to  draw  a 
rigid  line  between  pharmacology  and  toxicology ;  those  wishing  for  a  full 
account  of  any  drug  should  read  what  is  said  under  both  headings  if 
both  occur. 

During  the  progress  of  the  book  through  the  press,  the  medical  pro- 
fession suffered  a  very  great  loss  in  the  death  of  that  able  and  self- 
sacrificing  physician,  Dr.  D.  J.  Leech.  Before  he  died  he  had  completed 
his  articles  on  the  Nitrites  and  on  Mineral  Waters. 

W.  HALE  WHITE. 
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ON   THE   RELATION   BETWEEN   CHEMICAL   CONSTITUTION 
AND   PHYSIOLOGICAL  ACTION. 

INTRODUCTORY. 

THE  proposition  that  an  intimate  relation  must  obtain  between  the  chemical 
constitution  of  a  substance,  and  the  nature  of  the  influence  it  exerts  when 
in  contact  with  living  matter,  is  inherently  probable.  It  postulates  no 
more  than  that  the  phenomena  involved,  so  far  as  they  are  chemical,  are 
of  the  same  order  as  ordinary  chemical  reactions.  It  is  therefore  incom- 
patible only  with  the  doctrine  of  uncompromising  vitalism. 

We  might,  it  is  true — but  for  facts  of  quite  common  experience — have 
been  prepared  to  find  that  the  relation  was  too  remote  and  indefinite  for 
fruitful  study.  The  bioplasm  of  a  muscle  fibre  or  of  a  nerve  cell  may  be 
looked  upon  as  a  molecular  compound  of  proteids,  salts,  water,  etc. ;  and 
we  might  have  conceived  that  there  is  associated  with  normal  functions  a 
definite  molecular  constitution,  so  evenly  balanced  that  any  addition  from 
without,  even  of  a  wholly  indefinite  character,  must  so  affect  the  equi- 
librium as  to  produce  grave  disturbance  of  function.  And,  remembering 
that  the  observable  physiological  phenomena  which  indicate  such  disturb- 
ance of  function  must  in  any  case  be  qualitatively  few— for  the  behaviour 
of  a  tissue  is  limited  by  the  specific  energy  of  its  cells,  and  the  reaction 
which  is  apparent  can  depart  but  little  from  the  lines  of  mere  increase  or 
decrease  in  the  normal  activity ;  remembering  these  limitations,  we  might 
have  conceived  that  to  produce  physiological  reaction  a  substance  need 
possess  no  more  particularity  of  structure  than  the  foreign  body  which 
prevents,  by  its  intrusion  into  the  mechanism,  the  smooth  running  of  a 
machine. 

Common  experience,  however,  is  against  such  remoteness  of  relation ; 
for  the  comparative  indifference  of  physiological  mechanisms  to  the 
presence  of  a  vast  number  of  substances  foreign  to  their  normal  environ- 
ment, is  sufficient  to  prove  that  the  above  supposition  is  untrue.  Clearly 
some  special  stamp  or  character  is  necessary  to  bring  a  substance  across 
the  threshold  of  activity;  and  it  is  a  reasonable  expectation  that  this 
character  will  determine  also  the  sphere  and  quality  of  the  action. 


2      CHEMICAL  CONSTITUTION  &  PHYSIOLOGICAL  ACTION: 

Nor  should  it  interfere  with  such  an  expectation,  if  cases  exist, — 
doubtless,  in  part,  because  of  that  very  paucity  of  observable  reactions 
to  which  we  have  just  referred, — in  which  substances  of  entirely  different 
constitution  exert  apparently  a  quite  similar  action.  Of  such  cases  we 
may  instance  the  example  of  barium  salts  and  picrotoxin,  or  that  of  phallin 
and  phosphorus;  phallin  being  a  substance  obtained  from  the  fungus 
Amanita  plialloidcs,  which  produces  a  train  of  symptoms  scarcely  to  be 
distinguished  from  those  of  phosphorus  poisoning  (Kobert).  If  such  cases 
occur,  they  involve  of  necessity  no  lack  of  order  in  the  facts  to  be  dealt 
with.  A  given  physiological  effect  may  be  obtained  from  more  than  one 
group  of  active  substances;  but  so  long  as  the  groups  are  definite  and 
circumscribed,  each  comprising  compounds  marshalled  together  by  com- 
munity of  constitution,  we  are  left  with  a  problem  sufficiently  definite. 

The  great  probability  of  the  relation  which  concerns  us  has  stimulated 
much  research  during  the  past  fifty  years  in  the  endeavour  to  define  it ; 
and,  at  the  present  time,  though  great,  and  perhaps  unexpected,  difficulties 
have  been  encountered  in  the  task  of  establishing  general  propositions 
concerning  it,  one  of  the  most  active  branches  of  experimental  science  is 
employed  in  its  study.  So  far  back  indeed  as  when  chemistry  and 
therapeutics  were  first  brought  together — to  the  ultimate  and  abiding 
advantage  of  both — by  Paracelsus  and  the  iatro-chemists,  a  belief  in  such 
a  relation,  necessarily  crude  and  indefinite  in  form,  was  the  immediate 
offspring  of  the  union.  But  the  investigation,  in  a  scientific  sense,  of  the 
scope  and  character  of  the  relation  is  nevertheless  essentially  modern, 
almost  exactly  co-extensive  with  the  latter  half  of  this  century ;  in  this 
period  is  contained  nearly  the  whole  history  of  the  modern  conception  of 
molecular  structure,  with  which  by  far  the  most  stimulating  and  important 
aspect  of  the  subject  is  associated. 

The  year  1868  is  especially  notable  in  the  history  of  the  subject.  It 
was  then  that  the  researches  of  Crum  Brown  and  Eraser,  followed  by 
those  of  Jolyet  and  Cahours,  brought  to  light  a  very  striking  instance  of 
correlated  structure  and  action,  which  is  fully  dealt  with  on  a  later  page. 
These  researches  showed  that  in  a  whole  group  of  toxic  organic  bases 
(e.g.  strychnine,  aniline,  atropine)  a  slight  and  uniform  change  in  mole- 
cular structure  brought  about  a  striking  and  no  less  uniform  altera- 
tion in  physiological  action.  When  an  atom  of  hydrogen,  which  in  the 
original  molecule  is  attached  to  nitrogen,  is  replaced  by  an  alkyl  radical, 
physiological  action  may  be  so  inverted  that  the  substances,  previously 
convulsant,  come  to  have  a  markedly  paralysing  effect.  Tertiary  bases, 
which  act  as  stimulants  to  the  nerve  cells  of  the  cord  when  converted  into 
quaternary  bases,  all  transfer  their  main  seat  of  activity  to  the  motor 
nerve  terminals  and  become  paralysing  (curariform)  in  action.  Apart 
from  these  special  cases,  where  the  action  is  thus  inverted,  many  other 
bases,  of  diverse  action  in  their  original  form,  take  on  the  same  curariform 
properties  when  converted  into  the  quaternary  form.  The  particular 
chemical  type  is  well-nigh  universally  associated  with  the  particular 
action. 

The  revelation  of  so  striking  a  case  of  definite  relation  between  physio- 
logical action  and  chemical  type,  almost  at  the  outset  of  really  systematic 
investigation  of  the  matter,  suggested  that  a  new  era  had  dawned  for 
therapeutics ;  and  the  possibility  of  preparing  synthetic  organic  substances 
with  an  action  developed  in  any  required  direction  seemed  but  a  reasonable 
expectation.  It  was  not  indeed  to  be  supposed  that  development  of 
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knowledge,  upon  the  lines  thus  laid  down,  would  bring  us  any  nearer  to  an 
explanation  of  the  actual  mechanism  of  physiological  action.  The  action 
of  a  drug  involves  and  implies  the  reaction  of  a  living  tissue ;  and  any 
explanation  of  the  latter  is  part  of  a  problem  more  remote  than  that  under 
consideration.  We  have  yet  scarcely  within  view  any  hope  of  basing, 
solely  upon  a  knowledge  of  the  constitution  of  a  substance,  any  certain 
prediction  of  its  physiological  action ;  we  are  here  face  to  face  with  our 
ignorance  of  the  reactive  capacities  of  the  bioplasm.  The  reasonable 
expectation  is  that,  having  ascertained  by  experiment  the  predominant 
action  of  a  certain  type  of  substance,  we  should  be  able  to  predict  the 
main  action  of  drugs  which  conform  to  this  type ;  and  at  the  same  time 
know  how  to  modify  this  action  in  one  direction  or  another  by  applying 
general  principles,  also  based  upon  direct  experiment.  The  promise  yielded 
by  the  initiative  research  of  thirty  years  ago,  was  that  general  laws  might 
be  thus  established,  enabling  us  to  correlate  on  these  empirical  lines  the 
constitution  of  a  substance  and  its  behaviour  in  the  body.  This  would  be 
sufficient  for  the  rationalisation  of  therapeutics,  and  would,  in  itself,  form 
not  unsatisfactory  evidence,  if  such  were  needed,  that  physiological  actions 
are  chemical  reactions,  interfered  with  by  no  special  vital  force  or  ultra- 
physical  influences. 

Striking  enough  has  been  the  increase  in  the  number  of  important  drugs, 
since  the  researches  referred  to  were  carried  out ;  and  it  cannot  be  denied 
that  the  search  for  these  drugs  has  been  greatly  aided  by  knowledge  of  the 
kind  just  discussed,  and  by  general  principles  often  brilliantly  applied ; 
but  it  is  a  matter  for  some  disappointment,  and  perhaps  for  surprise,  that 
we  should,  to-day,  after  thirty  years,  be  able  to  point  to  very  few  general 
relations  bearing  the  stamp  of  such  definiteness  and  simplicity  as  are 
found  in  the  case  brought  to  light  by  Crum  Brown  and  Fraser ;  and  that 
even  now  the  results  obtained  by  these  investigators  may  be  quoted  as  the 
most  satisfactory  instance  to  hand,  of  obvious  relation  between  chemical 
constitution  and  physiological  action.  Nevertheless,  as  it  will  be  the  aim 
of  this  article  to  point  out,  ample  evidence  has  accumulated  to  justify 
belief  in  the  essential  reality  of  this  relation.  The  slow  progress  which 
has  been  made  in  the  elucidation  of  general  laws  is  easily  understood  upon 
closer  examination  of  the  matter,  and  is  certainly  no  proof  that  the 
reaction  between  drug  and  tissue  is  of  a  kind  distinct  from  ordinary 
chemical  and  physical  phenomena,  or  therefore  independent  of  the  chemical 
constitution  of  the  former. 

We  may  here  inquire :  What  kind  of  experimental  evidence  may  be 
considered  as  crucial  in  proof  or  disproof  of  the  relation  in  question  ? 

It  has  been  formulated  by  Sainsbury — That  for  positive  evidence  we 
should  obtain  proof,  («)  "  that  in  a  series  of  compounds,  containing  as  a 
constant,  one  element,  or  a  group  functioning  as  an  element,  there  is 
traceable  a  corresponding  constancy  of  effect "  ;  and  (&)  "  that  in  a  series  of 
compounds,  built  up  upon  the  same  type,  there  is  traceable  a  constancy  of 
effect,  corresponding  to  the  constancy  of  type."  We  may  take  it  that  the 
nature  of  the  evidence  required  is  indicated  under  these  two  heads  with 
sufficient  accuracy ;  but  both  postulates  must  certainly  be  qualified  before 
our  proposition  can  be  said  to  stand  or  fall  with  them. 

If  we  are  to  demand  evidence  of  a  constancy  of  action  in  a  series  of 
compounds,  as  the  result  of  its  members  containing  a  common  element  or 
group,  it  is  strictly  speaking  only  in  two  cases.  In  the  first  place,  we  ought 
to  look  for  such  constancy  in  the  case  of  compounds  which  are  so 
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dissociated  in  aqueous  solution  that  the  common  element  or  group  appears 
as  a  free  ion — that  is,  in  electrolytes  containing  the  element  or  group  in 
question.1  In  the  second  place,  we  should  expect  such  constancy,  when, 
under  the  condition  studied,  the  element  or  group  is  liberated  in  the  free 
condition  as  a  result  of  the  decomposition  of  the  compounds.  Only  under 
such  circumstances  do  the  ordinary  chemical  reactions  of  compounds  show 
strict  community  as  the  result  of  the  presence  of  a  common  element.  In 
compounds  which  under  the  conditions  of  experiment  neither  dissociate 
nor  decompose,  the  qualities  of  the  element  or  group  may  be  merged  into 
those  of  the  intact  molecule — the  properties  of  the  compound  may  prove 
peculiar  to  itself,  and  not  to  be  simply  the  sum  of  those  of  the  group  in 
question,  and  those  of  the  rest  of  the  molecule. 

To  refer  first  to  the  case  of  dissociation.     No  fact  is  more  familiar  in 

1  The  modern  theory  of  solution  involves  the  conception  that  electrolytes  (acids,  bases,  and 
salts)  in  dilute  solution  are  not  present  as  intact  molecules ;  but  that  constituent  atoms  or 
atomic  groups  are  dissociated,  and  function  in  certain  respects  as  individual  units.  Many 
years  ago,  Williamson  was  led  to  the  view  that  when  hydrochloric  acid  (for  example)  is 
dissolved  in  water,  its  constituent  atoms,  of  hydrogen  and  chlorine,  no  longer  remain  in 
intimate  association,  but  that  an  interchange  of  atoms  is  continually  occurring  between 
molecule  and  molecule.  Clausius  utilised  the  conception  of  the  existence  of  a  certain  number 
of  dissociated  molecules  in  every  solution  of  an  electrolyte  to  explain  the  phenomena  of 
electrolysis.  But  the  more  modern  view,  first  developed  by  Arrhenius,  looks  upon  a 
permanent  dissociation  of  molecules  as  a  prominent  factor  in  solution.  Under  ordinary 
circumstances  a  solution  contains  a  certain  proportion  of  intact  molecules,  together  with  a 
number  of  dissociated  atoms  or  atomic  groups.  To  the  latter  Faraday's  name  of  ions  is 
applied.  The  degree  of  dissociation  ( "  ionisation  ")  which  the  molecules  undergo  increases 
with  dilution,  and  upon  infinite  dilution  must  be  conceived  as  becoming  complete. 

Ionisation  must  be  distinguished  from  ordinary  chemical  dissociation.  Ammonium 
chloride,  for  example,  at  high  temperatures  undergoes  chemical  dissociation  into  ammonia  and 
hydrochloric  acid,  NH:, +  HC1  ;  but  on  solution  in  water  the  dissociation  is  into  NH4  and  Cl. 
In  the  same  way — 

HC1  dissociates  into  H  and  Cl. 
H,S04      ,,         ,,       H,H,  andS04. 
KHO        ,,         ,,       K  and  HO. 

The  ions,  in  fact,  are  those  constituent  parts  of  the  molecule,  which,  under  the  directive 
influence  of  an  electric  current,  travel  in  opposite  directions  through  the  solution.  At  times 
the  liberated  ions  are  apparently  identical  with  the  constituent  atoms  of  the  compound,  as  in 
the  case  of  hydrochloric  acid  ;  but  it  must  not  be  conceived  in  such  cases  that  the  constituent 
elements  are  in  the  ordinary  sense  "free"  in  the  solution.  The  ions  are  especially 
characterised  by  being  associated  with  definite  electric  charges,  positive  or  negative  ;  this 
charge  being  given  up,  when — as  under  the  directive  influence  of  a  current — the  elements 
become  free. 

The  precise  nature  of  the  association  with  the  charge  is  still  obscure ;  but  we  have  to 
recognise  that  the  electric  forces  involved  profoundly  affect  the  behaviour  of  the  ionised 
elements.  In  a  solution  of  hydrochloric  acid  are  dissociated  chlorine  ions,  but  it  does  not 
contain  "free"  chlorine  in  the  condition  that  obtains  in  a  solution  of  chlorine  gas.  In  no 
solution  of  a  chloride  can  we  demonstrate  the  existence  of  chlorine  by  its  physical  properties  ; 
but  in  all  we  can  demonstrate  its  presence  by  its  reactions.  Each  and  every  chloride  yields  a 
certain  set  of  reactions,  in  virtue  of  the  chlorine  it  contains,  which  are  precisely  the  same,  no 
matter  what  the  associated  element  may  be.  In  this  very  familiar  circumstance  lies,  as  a 
matter  of  fact,  one  of  the  chief  supports  of  the  theory  of  dissociation  in  solution.  For  in  its 
solid  condition  each  individual  chloride  has  quite  special  properties  of  its  own,  and  if  its 
molecule  were  intact  when  in  solution,  there  is  no  reason  why  it  should  exhibit  equally 
specialised  chemical  reactions.  But  if  all  chlorides  on  solution  yield  free  chlorine  ions,  it  is 
easy  to  understand  why  they  display  a  common  set  of  reactions.  What  is  most  important  for 
recognition  in  connection  with  our  present  subject  is,  that  only  those  portions  of  the  dissolved 
substance  which  are  ionised  are  chemically  active — the  ionised  condition  being  necessary  for 
the  rapid  reactions  which  electrolytes  display.  The  "strongest"  acids,  and  the  "strongest" 
bases  are  those  which,  in  a  given  strength  of  solution,  are  most  ionised.  If  the  relative 
strength  of  their  solutions  is  so  adjusted  that  the  same  number  of  free  ions  is  present  in  each, 
then  all  acids  and  all  bases  display  equal  activity.  WThen  the  salt  of  an  active  metal  is 
administered  to  an  animal,  the  degree  of  ionisation  which  exists  when  it  is  in  contact  with  the 
tissues  (and  this  will  not  be  the  same  with  equal  doses  of  different  salts  of  the  metal)  must 
determine  the  degree  of  its  physiological  activity.  A  recognition  of  this  fact  is  of  undoubted 
importance  in  posology. 
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chemistry  than  the  community  of  the  reactions  of  the  dissolved  salts  of  a 
given  metal ;  they  are  the  same  with  respect  to  that  metal,  whether  the 
chloride,  sulphate,  nitrate,  or  other  salt  be  examined.  The  familiarity  of 
this  circumstance  obscured  its  significance,  but  as  a  matter  of  fact  it 
received  no  adequate  explanation  until  the  advent  of  the  theory  of 
electrolytic  dissociation.  In  the  solid  state,  and  when  undissociated  in 
solution,  each  salt  has  individual  attributes ;  in  dilute  solution,  when 
dissociation  is  usually  more  or  less  complete,  the  properties  of  the  salt  are 
merely  the  sum  of  the  properties  of  its  ions ;  if,  therefore,  a  series  of  salts 
contains  a  common  ion,  the  properties  of  this  will  be  common  to  all  its 
members  (cf.  footnote). 

A  familiar  illustration  of  this  is  to  hand  in  the  behaviour  of  the 
compounds  of  iron.  All  the  simple  salts  of  this  inetal  exhibit  common 
chemical  reactions  in  virtue  of  its  presence,  and  they  all  exert  a  closely 
similar  physiological  action.  Quite  otherwise  is  it  with  such  compounds, 
to  take  a  single  instance,  as  the  ferrocyanides.  These  neither  yield  the 
reactions  of  iron  nor  exhibit  the  influence  of  the  metal  in  their  physiological 
action.  The  reason  is  probably  the  same  in  both  cases ;  the  simple  salts 
yield  metallic  ions  on  dissociation,  the  ferrocyanides  yield  the  group 
ferrocyanogen  (FeCN,,),  and  neither  the  chemical  behaviour  nor  the 
physiological  action  of  the  latter  is  identical  with  that  of  iron  itself. 

These  are  very  familiar  facts,  but  it  is  valuable  to  review  them  from 
the  new  standpoint,  as  it  is  at  least  highly  probable  that  the  question  of 
electrolytic  dissociation  is  destined  to  play  an  important  part  in  explana- 
tion of  certain  aspects  of  physiological  action. 

In  the  second  case,  in  which  we  are  justified  in  looking  for  community 
of  action,  the  compounds  concerned  are  broken  up  in  the  body  with 
liberation  of  a  common  active  element  or  group.  The  phenomenon  is  well 
illustrated  by  the  organic  cyanides,  which  will  be  treated  later ;  but  it 
should  be  noted  that  it  is  one  which  may  or  may  not  occur.  An  influence 
upon  physiological  activity,  resulting  in  similarity,  is  indeed  evident,  apart 
from  dissociation  or  decomposition,  when  a  common  group  is  of  such  a 
nature  as  to  give  a  special  chemical  stamp  to  the  compounds  which 
contain  it ;  but  such  an  instance  relates  to  the  second  rather  than  to  the 
first  of  the  postulates  we  are  discussing ;  the  influence  of  the  group 
becomes  the  influence  of  "  type." 

Since  by  the  type,  or  fundamental  plan  of  molecular  structure,  the 
normal  chemical  activities  of  more  complex  substances  are  determined,  it 
is  right  to  expect — if  there  be  a  real  relation  between  these  and  their 
physiological  activities — that  similarity  of  structure  should  be  associated 
with  similarity  of  action.  Abundant  instances  of  this  association  are 
available.  But  if  its  universal  occurrence  is  to  be  looked  upon  as  the 
actual  touchstone  of  our  proposition,  it  must  be  with  due  regard  to  con- 
ditions. For,  clearly,  before  we  expect  the  animal  body  to  react  similarly 
to  two  substances  of  homologous  structure,  we  must  premise  that  both, 
after  administration,  are  capable  of  reaching,  with  at  least  approximately 
equal  ease  and  rapidity,  the  tissues  which  come  more  particularly  under 
their  influence,  a  matter  which  depends  largely — though  not  exclusively— 
upon  the  physical  rather  than  upon  the  chemical  characters  of  the 
substances  concerned. 

But  the  physical  properties  of  substances  chemically  homologous  may 
— especially  in  some  groups — vary  widely.  Prominent,  of  course,  in  this 
respect  is  the  question  of  solubility.  A  difference  of  solubility  between 
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two  closely  allied  substances  may  be  so  wide  as  to  cloak  a  similarity  of 
action,  which  would  be  clear  enough  if  both  could  reach  the  sphere  of 
action  with  equal  ease.  This  influence  of  solubility  is  easily  foreseen,  but 
there  are  other  properties,  depending  upon  molecular  weight  rather  than 
upon  molecular  structure,  which  must  also  affect  the  passage  of  a  substance 
to  its  elective  seat  of  action. 

Every  day,  for  instance,  it  becomes  more  evident  how  important  is  the 
influence  of  osmosis  on  the  passage  of  substances  through  living  tissues, 
and  in  this  connection  we  have  to  consider,  not  only  the  molecular  weight 
of  the  substance  administered,  but,  in  the  case  of  electrolytes,  also  the 
degree  of  ionic  dissociation. 

It  is  clear  that  such  factors  may  greatly  affect  the  relative  ease  with 
which  homologous  substances  can  display  their  purely  chemical  activities 
in  relation  to  a  particular  tissue  ;  and  it  should  be  noted  that  the  more 
slowly  moving  drug,  more  open  as  it  is  to  various  destructive  influences  in 
the  body,  may  never  reach  the  special  seat  of  its  proper  action  at  all ; 
or  yet  again,  in  another  case,  it  may  be  the  more  mobile  substance  which 
suffers  this  fate,  being  more  easily  diverted  into  eliminative  channels. 
From  one  cause  or  other,  therefore,  if  two  substances  of  homologous 
constitution,  and  in  relation  to  a  given  tissue  of  homologous  action,  differ 
widely  in  molecular  weight  or  in  physical  properties,  the  difference  in 
their  effects,  when  administered  to  the  intact  animal,  may  be  even  more 
than  a  question  of  proportion ;  the  characteristic  action  may  in  the  one 
case  be  absent  altogether. 

Apart  from  the  influence  of  factors  which  affect  the  transmission  of 
substances  to  their  proper  seat  of  action — in  cases,  indeed,  where  these 
can  be  excluded — yet  another  factor  may  affect  the  strict  comparison  of 
two  homologous  substances  when  administered  to  the  intact  animal. 
Most  very  active  substances,  though  possessed  of  an  influence  perfectly 
specific,  are  yet  poisons  in  a  general  sense  to  all  forms  of  protoplasm  ;  as 
to  the  amo3ba,  so  to  the  muscle  fibre  ;  to  the  motor  nerve-ending,  and  no 
less  to  the  brain  cell.  But  to  any  particular  substance  the  cells  of  one 
tissue  are  more  sensitive  than  those  of  another ;  this  being  one  aspect  of 
the  specific  action  of  the  substance.  If,  of  the  tissues  specially  affected, 
those  which  are  more  sensitive  so  react  as  to  cause  death,  it  may  obviously 
happen  that  the  further  influence  of  the  substance  upon  a  less  sensitive 
tissue  is  not  to  be  observed,  though  this  may  be  properly  an  integral  part 
of  the  physiological  action.  A  very  small  difference  in  the  constitution 
and  related  toxicity  of  two  homologous  substances  may  suffice  to  turn  the 
balance  in  this  respect ;  and  from  the  symptom-complex,  due  to  the  sub- 
stance which  is  slightly  the  more  toxic,  the  reaction  of  the  less  sensitive 
tissue  may  be  absent  (Boehm).  Its  presence  as  part  of  the  effect  of  the 
less  toxic  homologue — which  alone  has  time,  so  to  speak,  to  attack  this 
less  sensitive  tissue — may  lead  us  to  suspect  a  fundamental  difference 
in  the  action,  which  does  not,  as  a  fact,  exist.  A  difference  really  only 
quantitative  may,  under  the  conditions  of  administration,  appear  to  be 
qualitative.  Tested  (where  possible)  upon  isolated  homogeneous  tissues, 
the  essential  identity  of  action  becomes  apparent. 

Such  considerations  will  make  it  clear  why,  as  will  be  found  to  be  the 
case,  some  of  the  more  striking  instances  of  a  clear  relation  between 
structure  and  action  are  discovered  in  connection  with  substances  which 
act  upon  local  superficial  physiological  mechanisms,  to  which  direct 
application  of  the  active  substance  is  possible ;  of  these  we  may  instance 
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such  drugs  as  the  local  anaesthetics  and  the  mydriatics,  while  an  excellent 
example  is  yielded  by  sapid  substances  in  relation  to  the  mechanisms  of 
taste.  In  other  cases  it  is  eminently  desirable  that  physiological  actions 
should  be  tested  wherever  possible  upon  isolated  tissues  and  organs,  as 
well  as  by  administration  to  the  intact  animal.  Indeed,  the  frequent 
necessity  of  comparing  constitution  and  action  under  simpler  conditions 
than  those  which  are  essential  in  therapeutic  employment,  together  with 
the  great  importance  of  the  full  study  of  groups  which  offer  no  promise 
of  therapeutic  value,  show  that  much  of  the  work  necessary  for  the 
establishment  of  general  laws  of  relation  must  be  done  on  lines  quite 
apart  from  pure  therapeutical  studies. 

A  final  word  must  yet  be  added  to  these  preliminary  considerations. 
We  have  seen  that  the  physical  properties  of  drugs  may  obscure  the  clear 
exhibition  of  their  purely  chemical  actions.  There  are  probably  cases — 
doubtless  much  rarer — where  a  physical  character  may  itself  display  a 
prominent  part  in  determining  the  main  action.  It  is,  for  example, 
difficult  to  believe,  in  the  case  of  the  various  volatile  organic  liquids  which 
are  so  noteworthy  among  anaesthetics,  that  their  physical  properties  take 
no  share  in  producing  their  characteristic  effects.  Volatility  itself 
probably  takes  a  share  in  producing  their  action ;  and  we  have  to 
remember,  to  mention  but  one  other  possibility,  that  these  liquids  are  all 
powerful  solvents,  capable  of  taking  into  solution  some  of  the  organic 
constituents  of  the  tissues  which  are  insoluble,  or  much  less  soluble,  in 
the  normal  aqueous  plasma.  The  circulation  of  such  solvents  may 
profoundly  affect  the  equilibrium  of  the  cell,  and  temporarily  interfere 
with  the  normal  course  of  metabolism  in  a  tissue.  Such  solvent  powers 
are  only  remotely  related  to  chemical  constitution. 

The  considerations  dealt  with  in  the  course  of  these  introductory 
remarks  tend  only  to  show  that  the  physiological  action  of  substances 
must  be  compared,  with  due  regard  to  the  influence  of  disturbing  factors. 
They  indicate  the  difficulties  that  are  met  with  in  the  experimental 
isolation  of  a  pure  chemical  reaction  in  the  body ;  and  they  go  some 
distance  towards  explaining  why  comparatively  slow  progress  has  been 
made  in  relating  constitution  and  action  by  means  of  really  general 
laws. 

But  the  difficulties  are  very  far  from  rendering  the  study  unprofitable. 
In  what  follows  it  will  be  found  that  wherever  the  conditions  of  action 
are  simple  and  controllable,  clear  relations  with  constitution  become 
apparent.  In  other  cases,  whenever  the  conditions  are  simplified  so  far  as 
is  possible,  the  relation  becomes  correspondingly  clearer.  Within  the 
limits  of  this  article  it  is  impossible  to  adduce  more  than  a  small 
proportion  of  the  experimental  facts  which  have  accumulated  in  the  bulky 
literature  of  the  subject;  but  it  is  hoped  that  the  examples  chosen  will 
illustrate  in  due  proportion  the  successes  and  the  failures  of  this  branch 
of  pharmacodynamics,  and  will  yield  a  sufficiently  accurate  view  of  its 
present  position. 

THE  ACTION  OF  SAPID  SUBSTANCES  ON  TASTE. 

Before  entering  upon  a  more  general  consideration  of  the  subject,  it 
will  be  of  advantage,  even  at  the  risk  of  some  disturbance  to  order  in  the 
facts  presented,  to  deal  separately  with  a  case  (one  of  those  referred  to 
above)  in  which  the  active  substance  reaches  its  seat  of  action  under  the 
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simplest  possible  conditions.  These  obviously  obtain  in  the  action  of  sapid 
substances  upon  the  superficial  mechanisms  of  taste. 

Although  the  observable  result  of  the  action  of  a  substance  is  here  of  a 
special  nature,  the  demonstration  of  definite  relation  between  molecular 
constitution  and  taste  properties  should  clearly  carry  full  weight  as 
evidence  in  support  of  our  thesis.  We  are  in  no  sense  concerned  with  the 
sensation  itself,  except  in  so  far  as  its  quality  is  an  indication  of  the 
direction  of  the  local  action;  of  this  it  is  as  legitimate  a  test  as  is  the 
condition  of  the  muscles,  when  we  are  studying  the  action  of  a  substance 
upon  the  motor  nerve  cells  of  the  cord.  The  sapid  substance  must 
initially  exert  a  definite  influence  upon  the  peripheral  mechanism,  the 
equilibrium  of  this  being  disturbed  in  one  direction  or  another,  as  the 
result  of  the  specific  constitution  of  the  substance  in  contact  with  it. 
In  the  case  of  tasteless  bodies,  the  number  of  which  is  great,  any  similar 
disturbance  is  absent ;  constitution  determines  activity  as  well  as  giving 
to  it  a  special  character.  A  positive  influence  upon  a  taste  mechanism  is 
a  physiological  action  as  regards  a  special  tissue,  and  when  a  similar 
sensation  is  produced  by  two  different  substances,  we  cannot  doubt  that 
their  influence  upon  the  cells  is  of  a  homologous  kind.  If,  then,  a  specific 
chemical  constitution  is  correlated  with  a  specific  taste,  we  have  an 
illustrative  instance  perfectly  proper  to  our  subject.  A  study  of  the 
relation  was  begun  by  J.  B.  Haycraft  in  1886.  An  exhaustive  survey  of 
the  available  data  has  recently  been  made  by  W.  Sternberg,  from  whose 
papers  most  of  the  following  facts  are  selected. 

The  instances  of  a  relation  between  taste  and  chemical  type  most 
likely  to  occur  to  the  mind,  are  the  sour  character  of  the  majority  of 
substances  which  possess  the  chemical  stamp  of  acids,  the  saline  taste 
of  numerous  neutral  salts,  and  perhaps  the  alkaline  taste  common  to 
certain  bases.  But,  as  a  matter  of  fact,  the  sensations  evoked  by  these  par- 
ticular groups  are  probably  not  pure  taste  sensations,  and  in  the  present 
state  of  knowledge  they  form  unsatisfactory  instances  for  study  in  this 
special  connection.  The  sensations  of  sweet  and  bitter  bear  the  clearest  and 
simplest  relations  to  the  taste  mechanisms  proper,  and,  for  the  present, 
consideration  is  best  limited  to  these.  The  available  facts  are  limited, 
moreover,  to  the  taste  quality,  the  study  of  the  more  difficult  question,  as 
to  how  intensity  of  sensation  depends  upon  constitution,  is  scarcely  begun. 

The  elements  themselves,  in  the  uncombined  molecular  condition,  do 
not  appear  to  influence  the  mechanisms  of  pure  taste,  though"  in  this 
connection  the  insolubility  of  the  greater  number  of  them  must  be  borne 
in  mind.  The  property  of  tasting  sweet  or  bitter  is  not  confined,  however, 
to  organic  substances,  though  much  more  prominent  in  these  than  in  the 
inorganic  class.  As  regards  the  latter,  a  tendency  to  sweetness  or  to 
bitterness  is  found  associated  with  certain  definite  elements  when  these  are 
combined  in  salts  capable  of  electrolytic  dissociation,  and  sometimes  when 
they  are  combined  with  oxygen.  The  interesting  question  arises,  as  to 
whether  this  particular  physiological  character  is,  like  the  other  properties 
of  the  element,  related  in  any  way  to  atomic  weight.  We  cannot  enter 
into  this  matter  in  any  detail  here,  and  the  evidence  is  at  present  too 
incomplete  to  be  valuable  for  our  purpose.  It  should  be  noted,  however, 
that  a  sweet  taste  is  confined  to  the  salts  or  oxides  of  elements  in  the 
third,  fourth,  and  fifth  groups  of  Mendeleeff  s  table ;  bitter  tendencies,  on 
the  other  hand,  are  associated  with  the  elements  of  the  first  and  second, 
and  to  some  extent  with  those  of  the  sixth  and  seventh  groups ;  familiar 
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instances  are  the  sweet  compounds  of  lead  (fourth  group),  and  the  bitter 
salts  of  magnesium  (second  group).  It  is  interesting  in  connection  with 
what  follows  to  observe  that,  as  Sternberg  points  out,  sweet  characters  are 
peculiar  to  the  salts  of  those  elements  which  exhibit  neither  positive  nor 
negative  characters  in  marked  degree,  those  elements,  namely,  which  at 
times  function  as  bases  and  at  other  times  are  found  in  acid  radicals.  In  those 
groups  where  the  elements  have  strongly  marked  basic  or  acidic  characters, 
the  taste  quality,  when  it  appears,  is  always  in  the  direction  of  bitterness. 
Such  facts  are  at  least  suggestive,  and  we  may  take  them  as  indicating 
with  some  probability  that  taste,  like  other  properties  of  the  elements,  is 
in  some  way  a  periodic  function  of  the  atomic  weight.  That  the  same  taste 
tendency  is  found  in  all  the  salts  of  a  given  metal,  is  evidence  that 
dissociated  ions  are  responsible  for  the  physiological  effect. 

In  the  domain  of  organic  compounds,  very  interesting  and  very  clear 
relations  between  taste  and  constitution  come  to  light.  Such  substances 
as  contain  carbon  and  hydrogen  only — the  hydrocarbons,  namely,  of  the 
aliphatic  and  aromatic  series — are  as  a  class  tasteless.  Only  when  oxygen 
or  nitrogen  enters  the  molecule  do  sapid  characters  occur  in  characteristic 
degree.  In  relation  to  sweetness  and  bitterness,  the  groups  — OH  and 
NH2  are  of  prime  importance;  and  to  confer  these  taste  qualities  the 
group  or  groups  must  bear  definite  relations  to  the  hydrocarbon  residues 
contained  in  the  molecule. 

Hydroxy  derivatives  of  the  fatty  series  are  specially  prone  to  be  sweet ; 
but  it  would  seem  that  the  power  to  influence  taste  mechanisms  is  absent, 
unless  at  least  two  oxygen  atoms  are  present  in  the  molecule. 

When  into  the  molecule  of  the  tasteless  and  odourless  hydrocarbon 
ethane  (C.»H6)  one  hydroxyl  group  enters  to  form  alcohol  (C2H5.OH),  odour 
is  conferred,  but  no  true  taste  quality.  With  the  entry  of  a  second 
hydroxyl  group  there  arises  the  marked  sweetness  which  gives  to  ethylene 
alcohol  (OH.C.,H4OH)  its  familiar  name  of  glycol ;  and  this  sweetness 
remains  as  a  characteristic  of  a  whole  series  of  polyatomic  alcohols  of 
kindred  structure. 
Thus  the  series — 

Glycol         .         .         .     CH9OH.CH2OH, 
Glycerol      .         .         .     CH2"OH.CHOH.CH9OH, 
Erythritol  .         <J*     .     CH0OH.(CHOH)2.CH2OH, 
Arabitol      .         .         .     CH2oH.(CHOH)3.CH2OH, 
Mannitol     .         .         .     CH2OH.(CHOH)4.CH.,OH, 

comprises  substances  each  one  of  which  is  endowed  with  a  markedly  sweet 
taste. 

So  with  the  series  of  aldehyde  alcohols.  Glycollic  aldehyde,  like  its 
related  alcohol,  is  a  sweet  substance.  Although  of  simple  constitution,  this 
aldehyde  is,  chemically  speaking,  essentially  a  sugar,  and  is  known  as  biose 
(Fenton  and  Jackson).  Bearing  the  stamp  of  a  sugar  in  its  constitution, 
it  shares  with  its  more  complex  homologues  the  characteristic  physio- 
logical property  of  sweetness.  We  ascend  from  this  substance  to  grape 
sugar  through  a  series  of  compounds  of  homologous  constitution,  all  of 
which  possess  the  characteristic  taste  quality — 

Biose  .         .         .     CH2OH.CHO  (glycollic  aldehyde). 

Glycerose    .         .         .     CH2OH.CHOH.CHO. 

Erythrose   .         .         .     CH2OH(CHOH)2.CHO. 

Arabinose  .         .         .     CH9OH(CHOH)3.CHO. 

Dextrose     .         .         .     CH2OH(CHOH)4CHO  (grape  sugar). 
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A  certain  definite  balance  between  the  oxygen-containing  groups  and 
the  hydrocarbon  residues  of  the  molecule  appears  to  be  requisite  for  the 
maintenance  of  sweetness.  In  the  series  of  compounds  just  instanced  an 
oxygenated  group  is  attached  to  each  and  every  carbon  atom ;  but 
Stern  berg  has  observed  the  empirical  rule  to  hold,  that  in  aliphatic 
substances  generally,  sweetness  is  associated  with  compounds,  so  long  as 
there  is  no  more  than  one  positive  hydrocarbon  residue  (alkyl  group)  in 
excess  of  the  oxygenated  groups.  If  the  alkyl  groups  exceed  the  negative 
hydroxyl  groups  in  greater  proportion  than  this,  the  character  of  sweetness 
is  lost.  To  select  a  few  instances  only.  If  one  extra  alkyl  group  enters, 
the  molecule  of  a  normal  sugar  sweetness  is  retained;  thus  methyl 
glucoside,  C6HnOt;.CH3,  is  a  sweet  substance.  Ehamnose  is  a  sugar  which 
already  contains  one  alkyl  group  in  excess  of  its  oxygenated  groups  (CH3 
(CHOH)4COH).  This  sugar  is  itself  sweet ;  but,  unlike  the  corresponding 
derivative  of  dextrose  just  mentioned,  methyl  rhamuoside,  which 
contains  of  course  two  alkyls  in  excess,  is  bitter.  Ethyl  rhamnoside,  too, 
is  a  very  bitter  substance.  A  methyl  derivative  of  glycerin,  CH3CH.OH. 
CHOH.CH2OH,  is  sweet;  but  a  closely  allied  substance,  having  the 
composition  (C,H5),.C(OH).CH2.CH.OH— CH2OH,  with  three  alkyl  groups 
unattached  to  oxygen,  is  bitter. 

While  the  disaccharides,  Gl2H2.2On  (notably,  of  course,  cane-sugar)  are 
sweet,  the  polysaccharides,  (C12H20O10)n,  are  tasteless,  and  Sternberg  is 
inclined  to  ascribe  the  lack  of  sweetness  in  the  latter  to  the  excess  of 
carbon  atoms  over  the  oxygen.  However  this  may  be,  it  must  be 
acknowledged,  when  all  the  facts  are  considered — we  have  instanced  but  a 
few — that  in  the  hydroxy  compounds  of  the  aliphatic  series,  a  certain 
harmonic  relation  between  the  positive  alkyl  radicles  and  the  negative 
hydroxyl  groups  is  necessary  for  the  exhibition  of  sweetness  in  a  compound. 
If  we  overweight  the  molecule  one  way  or  the  other,  either  with  positive 
or  negative  groups,  this  taste  quality  is  lost. 

We  have  seen  that  there  may  be  one  positive  alkyl  group  in  excess  of 
the  hydroxyls:  but  if,  instead  of  such  a  positive  (e.g.  ethyl  or  methyl) 
group,  we  have  the  strongly  negative  phenyl  group,  C6H5,  the  consequent 
change  from  sweet  to  bitter  is  striking. 
Thus— 

CH3.CHOH.CH2OH  is  sweet. 
C6H5.CHOH.CH2OH  is  bitter. 
CH3.CHOH.CHOH.CH2OH  is  sweet. 
C6H6.CHOH.COOH.CH2OH  is  bitter. 
The  following  substances  form  an  interesting  group : — 

Methyl  glucoside,  CHg.CgH^Og,  is  sweet. 

Ethyl  glucoside,  CH3.CH2.C6H1106,  is  somewhat  sweet. 

Phenyl  glucoside,  C6H5.C6HnO6,  is  bitter. 

Benzyl  glucoside,  C6H5CH2.C6H1106,  is  intensely  bitter. 

Salicin,  C6H4CH2OH.C6HnO6,  is  strongly  bitter. 

Sodium  salicin,  C(JH4CH2ONa.C6H1106,  is  tasteless. 

When  again  the  harmonic  relation — to  use  Sternberg's  term — between 
positive  and  negative  groups,  which  exists  in  the  sugars,  is  upset  by  the  intro- 
duction of  ordinary  acid  radicals,  or  of  bases,  we  observe  the  same  reversal  of 
the  taste  quality.  The  following  substances,  for  instance,  are  all  bitter  :— 

Glucose  triacetate         .     1 1  .»        .     C6H906(CH3CO)3. 
Octacetyl  saccharose     .      II-."»        .     C12H14(CH3CO)8. 
Calcium  saccharate       .      H«»        .     C12H22On.CaO. 
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The  introduction  of  two  or  more  hydroxyl  groups  into  the  molecule  of 
benzene1  confers  taste  qualities,  and  here  position  isomerism  plays  an 
important  role.  Thus  resorcinol  (metadihydroxy-benzene)  is  very  sweet, 
while  pyrocatechol  (orthodihydroxy-benzene)  is  bitter.  Of  the  trihydroxy 
derivatives,  phloroglucinol,  as  its  name  implies,  is  sweet,  while  pyrogallol  is 
bitter — 

OH  OH  OH  OH 


OH 

(Sweet.)  (Bitter.) 

Salicylic  acid  offers  an  interesting  instance  in  this  connection. 
Salicylate  of  soda  (CyH^OH.COONa)  has,  as  is  well  known,  an  unpleasant 
sickly  sweet  quality.  That  this  depends  on  the  integrity  of  the  OH  group 
is  seen  from  the  fact  that  methoxy-benzoate  of  soda  (C6H4OCH3.COONa)  is 
quite  without  sweetness.  This  latter  is  found  to  be  without  the 
therapeutic  properties  of  salicylates  ;  but  when  the  hydrogen  of  the 
hydroxyl  is  replaced  by  a  negative  (acetyl)  group,  we  again  get  a 
derivative  free  from  sweetness,  and  such  a  substance  has  been  employed 
(Dreser)  as  a  more  pleasant  substitute  for  salicylates. 

We  have  now  to  give  instances  of  the  influence  of  the  group  —  NH2  upon 
taste  characters.  This  basic  group,  introduced  alone  into  a  hydrocarbon 
nucleus,  does  not  confer  true  taste  qualities;  balanced,  however,  under 
definite  conditions  against  the  acidic  carboxyl  group  —  COOH,  its  presence 
results  in  sweetness  of  the  compound. 

The  familiar  name  of  amido-acetic  acid  will  suggest  this  substance  as 
an  instance.  By  introducing  the  amido  group  into  acetic  acid  (CH3COOH) 
we  convert  the  sour  compound  into  the  sweet  glycocoll  or  glycosin, 
CH2NH2.COOH.  Now,  if  we  compare  the  homologues  of  glycosin  and 
the  various  isomeric  amido-acids  related  to  them,  the  suggestive  fact  conies 
to  light,  that  it  is  the  a-amido-acids  only  that  are  sweet,  those,  namely,  in 
which  the  NH2  groups  stand  nearest  the  —  COOH  groups,  all  others  being 
tasteless. 

1  Throughout  this  article,  when  the  constitutional  formula  of  an  aromatic  substance  has 
to  be  given,  the  benzene   ring,  which  is  characteristic  of  such   substances,  is  represented 

by  a  simple  hexagon    I         1.     Benzene  itself  is  usually  represented  as  having  the  structure 

H 

C 


HC        CH 

||    ,  and  it  is  for  the  whole  of  this,  that  the  simple  hexagon  is  made  to  stand.     When 
HC        CH 


V 


H 

any  group  is  placed  at  any  angle  of  the  hexagon,  it  indicates  that  this  group  has  replaced  a 

C— OH 

^N  OH 

HC        CH 

hydrogen  atom  of  the  ring.     Thus,  phenol       |          ||      is  represented  by 

HC        CH 

v 

C 
H 
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Cli.!.ClI.).C'Il.,CUNH,.C(>()ll  is  sweet. 

. »  _  -  ~> 

ClI3.CHNH.j.CH.>.(JII.,.COOH  is  tasteless. 

We  have  no  space  to  deal  with  the  many  other  available  instances  of 
this  kind,  but  must  pass  on  to  a  group  of  aromatic  derivatives  which  are  of 
special  interest  in  connection  with  taste  qualities. 

In  the  aromatic  series,  no  less  than  in  the  aliphatic  compounds  which 
have  just  been  discussed,  the  relative  propinquity  of  positive  and  negative 
groups  exerts  a  notable  influence  upon  taste  qualities. 

The  a?md0-ben/oic  acids  may  be  instanced. 

NH2 

The  ortho-acid  (anthranilic  acid),  I  ,  in  which  the  amido  and 

NH, 

/ 

carboxyl  groups  are  adjacent,  is  a  sweet  substance.     The  para-acid 

\ 

COOH 

in  which  they  are  furthest  apart  is  tasteless.  If  into  the  constitution  of 
the  sweet  isomer  a  second  acidic  group,  SO2,  be  introduced,  we  obtain  an 
S02.NH2 

iCOOH 

,  which  is  without  influence  upon  taste.  Now  from  the  last- 
mentioned  substance  the  elements  of  water  are  easily  removed,  it  being  a 
characteristic  property  of  ortho-substances  of  such  a  type  to  form  internal 
anhydrides.  This  leads  to  a  further  readjustment  of  the  relation  between 
the  basic  and  acidic  groups  of  the  molecule,  for  a  species  of  internal 
neutralisation  occurs.  The  effect  upon  taste  character  is  startling,  for  the 
substance  which  results  is  intensely  sweet  saccharin. 

S02  \ 

0>NH 
. 

Very  instructive  are  the  taste  characters  of  the  substitution  products  of 
saccharin,  as  showing  the  sensitiveness  of  the  physiological  mechanism  to 
the  nature  of  the  substituting  group.  Another  amido-group  may  take  its 
place  in  the  benzene  ring  and  leave  a  product  which  is  still  very  sweet ; 
but  a  negative  N02  group  in  the  same  position  converts  the  extremely 
sweet  substance  into  a  very  bitter  one.  If,  instead  of  the  amido-  or  nitro- 
group,  bromine  be  made  to  take  up  this  position  in  the  ring,  we  get  a 
compound  with  the  remarkable  character  of  tasting  sweet  upon  first 
contact  with  the  tongue,  and  bitter  at  a  later  stage  (Howell  and  Kastle). 
Thus  we  have  the  following  group  of  related  substances,  all  with  a  potent 
influence  upon  taste — 

NH2  S02  \  SO,    \  SO,    \  SO. 

0/\        >NH         /\   "     \NH        /\  "      >NH         /\   "       >NH 
COOH      f     \X>/  f        jCO/  f    \CQ/ 

NH2  Br  N02 

(Sweet.)  (Intensely  sweet.)     (Very  sweet.)    (First  sweet,  then  bitter.)    (Very  bitter.) 

We  have  seen  from  more  than  one  instance  given  above  that  structural 
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isomerism  may  influence  the  nature  of  the  physiological  reaction  to  the 
chemical  stimulus.  Stereo-isomerism  appears  to  be  of  less  importance  to 
the  taste  mechanism.  There  may,  it  is  true,  be  a  reaction  of  different 
intensity  where  physical  isomerism  is  concerned,  but  Sternberg  has  been 
able  to  find  one  instance  only  where  the  difference  becomes  marked.  Of 
the  two  optically  active  varieties  of  asparagin  the  dextro-rotatory  substance 
is  sweet,  while  the  Isevo-rotatory  isomer  is  tasteless. 

It  will  be  admitted  that  the  phenomena  of  taste  offer  interesting 
evidence  of  a  clear  relation  between  the  chemical  constitution  of  substances 
and  the  physiological  response  to  their  influence,  and  it  has  seemed 
desirable  to  treat  this  instance  separately,  in  order  to  illustrate  the  nature 
of  the  facts  which  come  to  light  under  favourable  circumstances.  We 
might  go  on  at  once  to  show  that  in  quite  other  types  of  activity  the 
relation  is  equally  clear,  wherever  the  conditions  of  action  are  equally 
simple ;  but  it  will  be  convenient  now  to  proceed  to  a  more  general 
survey  of  the  subject,  leaving  these  instances  to  be  dealt  with  in  their 
proper  place. 

INOEGANIC  COMPOUNDS. 

In  the  domain  of  the  simply  constituted  inorganic  compounds  we  are 
but  little  concerned  with  molecular  configuration  as  influencing  physio- 
logical action,  as,  in  the  study  of  their  ordinary  chemical  activities,  we 
have  to  consider  rather  the  specific  influence  of  individual  elements. 

The  most  important  inorganic  compounds,  and  those  which  have  been 
most  studied,  are,  of  course,  the  various  acids,  bases,  and  salts ;  and  the 
physiological  influence  of  these  is  largely  determined  by  some  one 
prepotent  element  or  group  contained  in  them.  Certain  of  the  less  toxic 
among.them — more  especially  certain  neutral  salts — may,  it  is  true,  be  so 
administered  as  to  exert  an  influence  in  the  body,  depending  upon  their 
general  physical  rather  than  upon  specific  chemical  properties.  When,  for 
instance,  they  are  injected  into  the  circulation  in  large  quantities,  we  may 
obtain  physiological  effects  which  are  to  a  large  extent  identical  in  the 
case  of  very  various  salts.  To  quote  but  one  set  of  observations,  Munzer, 
experimenting  with  a  series  of  different  salts,  showed  that  the  main  effect 
of  injection  of  large  quantities  was  to  produce  a  diuresis,  the  degree  of 
which  was  independent  of  the  chemical  nature  of  the  salt,  but  was 
proportional  to  the  molecular  concentration  of  the  injected  solution 
(Starling).  Associated  with  this  were  other  symptoms,  also  common  to 
the  various  salts  employed,  and  equally  dependent  upon  their  physical 
properties :  increase  of  reflexes,  fibrillar  twitching  of  the  muscles,  and 
finally  tetanic  spasms,  all  of  central  origin.  Under  such  conditions  of 
administration  the  specific  chemical  influence  of  the  constituent  elements 
is  so  far  lost  in  the  generally  osmotic  phenomena,  as  scarcely  to  affect  the 
picture  of  the  action.  Such  physical  influences  are  not  to  be  left  out  of 
account,  even  under  normal  conditions  of  therapeutical  use  in  the  case  of 
salts  which  are  given  in  large  doses ;  but  within  the  ordinary  limits  of 
administration  for  all  but  the  least  toxic,  and  extending  in  most  cases 
even  to  the  lethal  dose,  they  are  small  compared  with  the  proper  chemical 
action. 

Now  it  is  in  the  highest  degree  probable,  a  priori,  that  the  specific  action 
of  individual  acid  bases  or  salts  in  the  body  is  due,  or  mainly  due,  to  free  ions. 
The  great  majority  of  electrolytes,  when  administered  in  their  normal,  or  even 
in  their  lethal  dose,  must  be,  when  widely  distributed  in  the  fluids  of  the  body, 
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in  sufficiently  dilute  solution,  to  be,  to  a  very  large  extent,  electrolytically 
dissociated.  The  experimental  proof  of  the  importance  of  the  influence  of 
(I i^oi-iated  ions  in  biological  phenomena  has  recently  begun.  It  is 
impossible  to  detail  the  experiments  here,  but  we  may  briefly  indicate  the 
kind  of  evidence  that  has  so  far  been  obtained — 

1.  In   a  series   of   compounds   capable   of    electric   dissociation   and 
containing  a  common  element  or  group,  it  may  happen  that  the  common 
constituent  is  the  only  one  which  displays  activity  towards  a  particular 
type  of  living  cell;  the  associated  elements   or   groups,  though  of   very 
various  nature,  may  exert  an  influence  which  is  so  small  as  to  be  of  no 
account.     Now,  such  compounds  may  be  active  in  solutions  so  dilute  that 
physical  data  previously  obtained  show  that  they  must  be  present  wholly 
as  dissociated  ions;  any  effect  due  to  intact  molecules  of   the  dissolved 
substance  is  therefore  eliminated.     In  such  a  case  it  is  found  that  all  the 
compounds  of  the  series  show  quantitative  identity  of  action,  when  they 
are  compared  in  such  strengths  of  solution  that  an  equal  number  of  free 
ions  is  present  in  each  case. 

2.  The  different  salts  of  a  given  metal,  when  present  in  solutions  of 
equal  molecular  concentration,  will  be  dissociated  in  very  different  degrees. 
In  the  solution  of  one  salt  there  will  be  more  free  ions ;  in  that  of  another 
there  will  be  more  intact  molecules,  though  the  actual  number  of   the 
metallic  atoms  dissolved  will  be  the  same  in  each  case.     Now,  assuming 
once  more  that  the  metal  is   so  active,  compared  with  the  diverse  acidic 
groups  which  are  associated  with  it  in  the  various  salts,  that  the  effect 
of  these  acidic  groups  is  negligible ;  then,  in  such  a  case,  if  the  physiological 
action  in  question  be  due  to  free  ions,  and  not  to  intact  molecules,  the 
salts  more  dissociated   in   solution   should   be  the  more  active,  and  the 
relative  activity  of  each  should  be  proportional  to  the  degree  of  dissocia- 
tion, that  is,  to  the  number  of  free  ions  of  the  active  metal  present.     This 
has  been  shown  in  specific  instances  to  be  the  case. 

3.  Lastly,  the  degree  of  dissociation  of  a  given  salt  of  the  toxic  metal 
may  be  diminished'  without  lessening   the   actual   amount   of   metal   in 
solution.     If,  for  instance,  a  second  salt,  containing  an  inactive  metal  and 
a  negative  group,  similar  to  that  already  associated  with  the  active  metal, 
be  added  to  the  solution,  the  above  result  is  obtained.     There  will  be  now 
fewer  free  ions  of  the  active  metal,  and  more  intact  molecules  of  its  salt. 
If,  then,  the  physiological  effect  is  due  to  the  ions  and  not  to  the  molecules, 
the  activity  should  be  thus  diminished.     This  again,  in  special  cases,  has 
been   found  true.     Sodium   chloride,  added   to   a   solution   of    mercuric 
chloride,  diminishes  its  toxicity ;  and  sodium  sulphate  exerts  the  same 
influence,  if  present  in  a  solution  of  copper  sulphate. 

Such  factors  can  only  be  demonstrated  with  any  ease  upon  simple 
tissues,  and  the  earlier  experiments  were  made  upon  plants  and  upon 
bacteria.  Kahlenburg  and  True  obtained  the  kind  of  evidence  discussed 
above  under  the  first  head,  and  showed  that  various  acids  are  equally  toxic 
to  germinating  plant  embryos,  when  their  solutions  are  of  such  strength  as 
to  contain  an  equal  number  of  free  hydrogen  ions,  to  which  the  activity  of 
the  acids  is  in  this  case  due.  Paul  and  Kronig,  studying  the  antiseptic 
power  of  various  salts  of  mercury  in  solutions  of  comparable  strength, 
found  that  the  relative  toxicity  of  these  towards  bacteria  was  proportional 
to  the  degree  of  dissociation,  and  showed  that  when  the  number  of  free 
mercury  ions  is  diminished  by  the  addition  of  the  corresponding  salts  of  an 
inactive  metal,  the  antiseptic  power  of  the  mercury  solutions  is  diminished, 
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although  the  percentage  content  of  mercury  salt  is  unaltered.  L.  Maillard 
grew  Penicillium  glaucum  in  nutrient  solutions  containing  copper  sulphate. 
The  inhibitory  effect  of  this  salt  upon  the  rate  of  growth  was  diminished 
by  the  simultaneous  presence  of  sodium  sulphate,  a  result  difficult  to 
explain  except  by  the  consequent  diminution  of  free  copper  ions. 

These  observations  have  been  extended  to  animal  tissues  by  Jacques 
Loeb,  who  studied  the  effects  of  acids  and  bases  upon  surviving  frog's 
muscle.  For  the  details  of  these  experiments  the  original  papers  must  be 
consulted ;  but  we  may  note  that  the  particular  change  in  the  muscle 
which  was  studied  was  found  to  depend  upon  the  hydrogen  ions  in  the 
case  of  acids,  and  hydroxyl  ions  in  the  case  of  bases,  and  upon  these  alone, 
so  that  an  equal  intensity  of  action  was  found  whenever  the  number  of 
these  ions  in  solution  was  the  same,  no  matter  what  acid  or  base  re- 
spectively might  be  chosen.  On  the  other  hand,  Waller  has  shown  that 
the  action  of  bases  upon  nerve  (as  displayed  by  the  effect  upon  electrical 
response  to  stimulation)  does  not  depend  upon  the  OH  ions,  but  rather 
upon  the  specific  metallic  constituent ;  and  also  that  acids  do  not  in  this 
case  exert  their  influence  solely  through  the  hydrogen  ions,  as  the  activity 
does  not  show  proportionately  with  the  degree  of  dissociation. 

The  study  of  this  question  is  but  beginning,  and  we  cannot  pursue  the 
matter  any  further  here.  But  the  knowledge  that  the  dissociated  or 
ionised  condition  is  probably  that  in  which  salts,  acids,  and  bases  act  upon 
the  tissues  is  of  importance  in  connection  with  dosage,  and  it  enables  us 
to  understand  why  we  find  so  close  a  resemblance  in  the  action  of  various 
salts  of  a  given  active  element,  and  why  the  properties  which  characterise 
each  salt  individually  are  of  comparatively  small  importance.  The 
familiar  facts  that  the  sulphate,  nitrate,  chloride,  and  certain  other  simple 
inorganic  salts  of  potassium  have  a  closely  similar  action  upon  the  isolated 
heart,  as  have  the  bromides  of  potassium,  sodium,  and  ammonium  upon  the 
central  nervous  system,  or  the  iodides  of  the  same  metals  upon  metabolism, 
are  easily  understood  when  we  realise  that  the  physiological  action,  no  less 
than  the  chemical  reactions,  of  these  salts  is  but  the  sum  of  the  actions 
of  the  elements  they  contain. 

In  the  domain  of  inorganic  compounds  the  thesis  of  this  article  is 
supported  by  the  no  less  familiar  fact,  that  the  elements  which  belong  to 
a  strongly  characterised  chemical  group  show  close  analogy  in  their 
physiological  action ;  we  may  instance  the  group  of  the  alkali  metals 
(lithium,  potassium,  rubidium,  caesium),  that  of  the  alkaline  earths,  that  of 
the  halogens,  the  sulphur  group,  and  that  containing  arsenic,  antimony, 
and  phosphorus.  Within  each  of  such  groups  close  similarity  of  action 
is  observed,  the  differences  being  in  the  main  quantitative  and  not 
qualitative. 

Many  endeavours  have  been  made  to  relate  the  differences  of  intensity 
seen  in  the  action  of  individual  members  forming  a  common  group  to  their 
atomic  weight.  Blake  was  the  first  (in  1841)  to  suggest  the  hypothesis, 
that  physiological  activity  within  a  related  group  of  elements  increased 
directly  with  the  atomic  weight,  and  his  suggestion  was  later  (1867) 
elaborated  by  Rabuteau.  The  latter  instanced  such  cases  as  sodium 
(atomic  weight  23)  and  potassium  (39);  calcium  (40)  and  barium  (137); 
sulphur  (32),  selenium  (74'5),  and  tellurium  (128).  In  all  these  cases  the 
element  with  the  higher  atomic  weight  is  the  more  toxic ;  but  we  have 
only  to  consider,  as  Stokvis  has  remarked,  a  group  so  well  characterised 
chemically  and  physiologically  as  that  of  phosphorus  (31),  arsenic  (75), 
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and  antimony  (128),  in  which  the  toxicity  diminishes  with  increase  in  the 
atomic  weight,  to  recognise  that  Rabuteau's  law  has  no  claim  to  be  general. 
Richet,  moreover,  in  a  very  careful  study  of  the  relative  toxicity  of  the 
alkali  metals — lithium,  potassium,  and  rubidium — in  which  various  species 
of  animal  were  employed,  arrived  at  results  diametrically  opposed  to  the 
hypothesis  of  Blake  and  Rabuteau,  the  toxicity  proving  to  be,  in  this  case 
also,  in  inverse  ratio  to  the  atomic  weight  of  the  metal.  Lauder  Brunton 
and  Cash,  comparing  the  action  of  various  salts  upon  isolated  nerve- 
muscle  preparations  from  the  frog — working  therefore  under  simpler  and 
more  defined  conditions  than  when  the  living  animal  is  employed — 
obtained  no  evidence  of  direct  relation  between  atomic  weight  and 
intensity  of  action.  This  question  is  fully  discussed  by  Stokvis. 

ORGANIC  COMPOUNDS. 

In  comparing  the  action  of  organic  compounds  with  their  constitution, 
we  have  seldom  to  consider  the  influence  of  individual  chemical  elements. 
It  is  molecular  structure — the  nature  of  the  grouping  of  the  elements — 
which  mainly  concerns  us.  Curci,  it  is  true,  has  sought  to  relate  the 
main  activity,  even  of  organic  substances,  to  their  constituent  elements ; 
looking,  for  instance,  upon  hydrogen  as  an  excitant,  carbon  as  a  depressant, 
and  oxygen  as  an  element  which  by  its  presence  diminishes — or  damps  as 
it  were — the  activity  of  the  others.  An  example  from  a  group  of  simply 
constituted  compounds  will  sufficiently  illustrate  this  position.  If  we 
compare  the  three  compounds — 

H,S      C2H5HS      (CH3)2S 

we  have  in  the  first  (sulphuretted  hydrogen)  a  substance  which  is  excitant 
to  both  bulbar  and  spinal  centres ;  in  the  second  (mercaptan),  one  which 
excites  the  bulbar  centres  but  paralyses  sensory  centres ;  in  the  third 
(methyl  sulphide),  one  which  exerts  a  paralysing  influence  only.  Excita- 
tion, in  the  view  of  Curci,  is  due  to  the  two  hydrogen  atoms  of  the  first 
compound,  and  depression  to  the  two  alkyl  groups  (i.e.  of  the  carbon  they 
contain)  of  the  third ;  the  second  substance  is  intermediate  in  action,  as 
the  result  of  containing  both  hydrogen  and  a  carbon  group.  This  concep- 
tion appears  to  have  but  a  limited  application,  and  need  not  detain  us. 

Correlated  with  the  great  chemical  stability  of  the  saturated  hydro- 
carbons of  the  aliphatic  series  (paraffins)  is  their  slight  physiological 
activity.  The  solid  paraffins  are  inactive,  and  the  insoluble  non-volatile 
liquid  members  of  the  group  are  equally  so.  The  more  volatile  display  a 
narcotic  influence;  some,  merely  in  virtue  of  their  volatility,  acting  as 
anaesthetics,  when  inhaled,  so  as  to  exclude  oxygen ;  but  others,  perhaps 
because  not  wholly  resistant  to  oxidation  in  the  body,  exercise  a  more 
specific  influence,  which  relates  them  pharmacologically  to  what  Schmiede- 
berg  has  termed  the  alcohol  group. 

With  the  entrance  of  oxygen  into  the  molecule  of  the  hydrocarbon, 
activity  is  established ;  but  it  is  noteworthy  that,  at  the  same  time,  this 
activity  is  greatest  when  the  proportion  of  oxygen  atoms  to  the  hydro- 
carbon residue  or  residues  is  but  small,  a  fact  illustrated  by  the  small 
toxicity  of  the  polyvalent  alcohols  as  compared  with  that  of  the  rnono- 
valent. 

The  various  narcotics  of  the  fatty  series  are,  in  general,  substances  in 
which  no  more  than  one  oxygen  atom  is  associated  with  any  one  alkyl 
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radical  (methyl,  ethyl,  propyl,  etc.),  in  the  molecule ;  and  it  is  noteworthy 
that  we  have  to  group  together,  pharmacologically,  substances  which,  while 
containing  intact  radicals  and  conforming  to  this  rule  as  to  the  proportion 
of  oxygen  atoms,  belong  to  essentially  different  chemical  categories.  Thus, 
the  alcohols  of  the  general  formula  K.OH  (where  K  stands  for  a  hydrocarbon 
radical) ;  the  ethers,  R.O.R,  or  R.O.R!  ;  the  aldehydes,  R.CHO ;  and  the 
ketones  R.CO.Rp  all  show  so  close  a  similarity  in  the  general  picture  of 
their  action,  that  we  are  justified  in  looking  upon  them  as  collectively  form- 
ing a  natural  pharmacological  group — Schmiedeberg's  "  alcohol  group."  All 
produce,  as  the  primary  result  of  their  action,  the  familiar  effects  of  first 
exciting  and  then  depressing  the  cells  of  the  cerebral  cortex  and  special 
centres  in  the  bulb.  The  effect  of  individual  members  of  the  class  differs 
from  the  general  action,  chiefly  in  that  certain  centres  are  affected  by 
one  substance  earlier  and  more  markedly,  by  another  later  and  less 
energetically  ;  or  in  that  the  stage  of  excitation  may  be  more  pronounced 
in  one  case  than  in  another. 

As  might  be  expected,  the  organic  acids  of  the  formula  R.COOH 
differ  in  action  from  the  substances  just  enumerated ;  but  certain  of  the 
compounds  which  they  form  with  alkyl  radicals — the  esters  or  com- 
pound ethers,  R.COOR  belong  pharmacologically  to  the  alcohol  group. 
These  are  such  esters  as  are  derived  from  acids  which  themselves  (when 
administered  as  sodium  salts)  exercise  little  or  no  specific  influence  in  the 
body.  Then,  in  virtue,  it  would  seem,  of  the  alkyl  radicals,  combined  with 
the  acid  radicals,  the  derived  esters  act  typically  as  members  of  the  alcohol 
group.  If  the  acid  is  itself  possessed  of  physiological  activity,  its  effects 
may  appear  in  the  action  of  the  ester,  and  so  modify  the  typical  influence 
of  the  alkyl.  Such  a  modification  of  the  action  may  also  occur  when  the 
alcohol  radical  is  combined  with  an  inorganic  acid  possessing  a  pronounced 
influence — as,  for  instance,  in  the  case  of  amyl  nitrite. 

In  the  typical  compounds  of  the  class  we  are  considering — the  primary 
monatomic  alcohols  of  the  fatty  series — we  have  an  instance  clear  enough 
of  homologous  substances  exercising  homologous  action ;  the  members  of 
this  series  agreeing  more  closely  with  each  other  than  they  do  with  the 
larger  class  just  defined,  of  which  the  series  forms  a  part.  All,  from  methyl 
alcohol  to  amyl  alcohol,  exhibit  the  characteristic  intoxicant  action, 
followed  by  narcosis,  and  in  lethal  doses  by  paralysis  of  the  respiratory 
centre. 

Richardson's  familiar  experiments,  carried  out  so  far  back  as  1865, 
indicated  that  the  relative  toxicity  of  these  homologous  alcohols  depended 
upon  molecular  weight — increasing  from  the  lower  to  the  higher  members 
of  the  series,  being  indeed  proportional  to  the  number  of  carbon  and 
hydrogen  atoms  contained  in  the  radical.  Dujardin-Beaumet/,  and  other 
observers  have  doubted  the  exactness  of  this  relation,  but  a  recent  study 
by  G.  Baer,  and  another  by  Bradbury,  have  confirmed  Richardson's  results. 
Representing  the  toxicity  of  ethyl  alcohol  by  unity,  Baer  found  that  the 
relative  toxicity  of  the  others  was  approximately  as  follows : — 

Methyl  alcohol,  CHS.OH  .  .     -  ••••'.  0-8 

Ethyl          ,,       C2H5.OH  .  (Mji    nl  1-0 

Propyl         „       C3H-.OH  .  . ,|.         .  2'0 

Butyl          „       C4H9.OH  .  ,.        ..  3-0 

Amyl           „       C5Hn.OH  .  ,  4'0 

The  secondary  and  tertiary  alcohols  of  the  fatty  series  have  been  less 
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studied,  but  they  offer  interesting  examples  of  the  effect  of  isomeric 
differences  in  the  hydrocarbon  groups  upon  physiological  action.  We  owe 
most  of  our  knowledge  of  the  action  of  these  alcohols  to  the  work  of  v. 
Mering.  Primary  and  tertiary  butyl  alcohols  have  the  same  empirical 
formula,  C4H,,.OH ;  but  the  relation  to  each  other  of  the  carbon  atoms  is 
quite  different  in  the  two  substances.  The  following  structural  formulae 
show  the  nature  of  this  difference : — 

H 

HCH 
H      H    H    H  H 

HC— C— C— C-OH  HC C OH 

H      H    H    H  H 

(Primary  butyl  alcohol.)  HCH 

H 

(Tertiary  butyl  alcohol, 
trimethyl  carbinol. ) 

Now,  while  the  former  of  these  acts  similarly  to  ordinary  alcohol,  though, 
as  we  have  seen,  with  greater  intensity,  the  latter  is  without  action  when 
administered  to  dogs,  and  is  only  very  slightly  narcotic  to  the  rabbit  (v. 
Mering  and  Thierfelder).  If,  however,  one  of  the  CH3  groups  in  the  tertiary 
body  is  replaced  by  C2H5,  the  activity  is  increased ;  but  the  active  sub- 
stance thus  obtained,  though  isomeric  with  amyl  alcohol  (the  most  toxic 
member  of  the  series  of  primary  alcohols  given  above),  shows  an  action 
distinct  from  that  of  the  latter.  It  is  a  hypnotic,  which,  under  the  name 
of  amylene  hydrate,  was  introduced  into  practical  therapeutics  by  v. 
Mering.  There  are,  in  all,  eight  isomeric  amyl  alcohols,  but  of  these  only 
the  one  just  mentioned  (dimethyl-ethylcarbinol)  is  characterised  by  the 
possession  of  hypnotic  properties  as  the  most  prominent  feature  of  its 
action. 

It  is  striking,  that  of  two  substances  of  exactly  homologous  constitution, 
differing  only  in  the  possession  by  the  one  of  an  ethyl  group  instead  of  a 
methyl,  there  should  be  so  notable  a  difference  in  action — 

(CH3)3.C.OH  (CH3).2C2H5.C.OH 

(Trimethyl  carbinol,  (Dimethyl  carbinol, 

almost  inactive. )  active  hypnotic. ) 

This  instance  of  activity,  developed  as  the  result  of  replacing  a  methyl 
by  an  ethyl  group,  leads  us  from  the  alcohol  group  to  the  case  of  the 
sulphones;  substances  in  which  hypnotic  action  is  once  more  associated 
with  the  presence  of  aliphatic  alkyl  radicals. 

The  sulphones  are  substances  containing  the  oxidised  sulphur  group 
S02,  alkyl  radicles  being  linked  to  this  by  direct  association  between 
carbon  and  sulphur.  The  special  type  which  concerns  us  has  the  general 
formula — 

•"2 =       =  (        2     /2' 

in  which  the  positions  denoted  by  R  are  occupied  by  ethyl  and  methyl 
groups  in  various  combinations.  Baumann  and  Kast  made  a  research 
upon  these  which  has  become  classical,  and  which  resulted  in  giving  to 
practical  therapeutics  the  drugs  sulphonal,  trional,  and  tetronal.  These 
observers  found,  first  of  all,  that  such  sulphones  as  are  not  decomposed  in 
the  body  are  quite  inactive ;  examples  of  these  are  all  such  as  contain  no 
alkyl  groups  directly  linked  to  the  central  carbon  atom— 

H2  =  C  =  (S02R)2. 
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These  are  all  excreted  unchanged,  and  are  all  inactive.  The  experi- 
ments of  Baumann  and  Kast  next  brought  to  light  the  very  remarkable 
fact  that,  of  those  which  do  undergo  decomposition,  only  such  are  active 
as  contain  at  least  one  ethyl  group ;  when  methyls  only  are  present  there 
is  no  hypnotic  action  at  all.  Of  the  various  possible  sulphones  which 
illustrate  this  general  statement,  the  following  three  offer  an  especially 
interesting  comparison : — 

(a)  (CH3)2  =  C  =  (S02C2H5)2,  sulphonal. 

(b)  (C2H5)2  =  C  =  (S02.CH3)2,  acts  exactly  like  sulphonal. 

(c)  (CH3)2  =  C  =  (S02.CH3)2,  practically  inactive. 

Consideration  of  these  cases  seems  to  justify,  first  of  all,  the  view  that 
the  group  S02  does  not  come  into  account  as  a  factor  in  the  hypnotic 
action,  for  it  is  present  in  (c),  which  is  inactive,  in  exactly  the  same  com- 
bination as  in  (b),  which  is  active ;  it  would  next  seem  to  show,  since  (a) 
and  (b)  act  with  equal  energy,  that  the  group  C2H5S02  is  no  more  than 
equivalent  to  a  simple  C2H5  group,  for  the  associated  methyl  in  (a)  and 
CH3S02  groups  in  (b)  are  shown  by  the  behaviour  of  (c),  which  contains 
them  both — to  be  without  effect. 

That  so  remarkable  a  difference  in  physiological  activity  can  result 
from  so  slight  a  change  in  constitution — as  is  represented  by  exchanging 
one  radicle  for  its  neighbouring  homologue,  the  fundamental  structure  of 
the  compound  remaining  quite  unaltered — is  surprising  enough.  Such 
a  phenomenon  is  rare,  however ;  the  usual  effect  of  such  a  change 
being  quantitative  only.  Moreover,  as  regards  the  particular  groups  in 
question — ethyl  and  methyl — it  may  happen  in  other  compounds  that 
activity  is  increased  in  passing  from  the  former  to  the  latter  radical 
(Hinsberg  and  Treupel).  The  phenomenon  displayed  by  the  sulphones  is  not 
general,  therefore,  and  although  the  influence  of  the  substitutive  groups 
appears  in  them  to  over-ride  any  influence  of  the  structural  type,  there 
can  be  little  doubt  that  it  is  really  the  latter  which  in  some  way  gives  the 
ethyl  group  its  remarkable  advantage  over  methyl  in  producing  activity. 

Baumann  and  Kast  found,  further,  a  closely  proportionate  increase  in 
the  intensity  of  the  hypnotic  action  of  the  sulphones,  with  increase  in  the 
number  of  ethyl  groups  ;  trional,  with  three  ethyls,  being  more  active  than 
sulphonal  with  two ;  and  tetronal,  with  four,  being  proportionately  more 
active  than  trional.  But  this  seems  to  be  true  only  for  the  dog — the 
animal  employed  in  this  initiative  research ;  the  relation  is  not  found  to 
hold  in  clinical  experience.  For  us,  in  this  place,  the  most  important  fact 
is  the  absolute  constancy  of  the  relation  (in  this  special  class  of  bodies) 
between  activity  and  the  presence  of  a  particular  atomic  group. 

No  phenomenon  is  more  familiar  in  pharmacology  than  the  common 
association  of  anaesthetic,  hypnotic,  or  narcotic  properties  with  the  presence 
of  the  halogen  elements  in  organic  substances  of  various  types.  So  general 
is  this  found  to  be,  that  it  is  apt  to  occur  to  the  mind  as  one  of  the  most 
obvious  instances  of  a  constancy  in  the  relation  between  the  chemical 
character  and  the  action  of  a  substance.  It  is,  nevertheless,  an  instance  in 
which  the  facts  cannot  very  readily  be  brought  into  line,  and  among  the 
substances  concerned  are  many  in  which  physical  characters  and  other 
factors  obscure  the  relation.  Very  familiar  is  the  fact  that  all  the  chlorine 
substitutions  of  methane  CH4 — 

CH3C1,  CH2C12,  CHC13,  CC14 
exert  a  powerful  anaesthetic  action,  which  increases  with  increase  in  the 
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proportion  of  chlorine.  As  regards  actual  toxicity,  Heyinans  and  De 
Buck  found  that  chloroform  is  in  advance  of  carbon  tetrachloride  (rabbit). 
In  like  manner  all  the  chlorine  derivatives  of  ethane,  C2H6>  exert  an 
anesthetic  influence,  from  ethyl  chloride,  C2H6C1,  to  C2C16,  carbon  hexa- 
chloride — although  the  latter  is  a  solid  substance  (Binz). 

Among  these  are  isomeric  varieties,  as  for  instance  ethylene  chloride 
CH2C1  CH3 

and  ethylidene  chloride    |  ,  but  the  one  form,  no  less  than 

CH2C1  CHC12 

the  other,  shows  itself  anesthetic  (Tauber). 

As  regards  derivatives  of  the  higher  paraffins,  Marshall  and  Heath 
have  made  a  careful  study  of  the  actions  of  the  chlorhydrins,  substances 
derived  from  glycerin  by  the  replacement  of  hydroxyl  groups  by 
chlorine — 

CH2OH.CHOH.CH2C1 ;  CH2C1.CHOH.CH2C1 ;  CH2C1.CH.CH2C1. 

(a-monochlorhydrin. )  (a-dichlorhydrin.)  (Trichlorhydrin. ) 

The  last  of  these  will  be  seen  to  have  the  composition  of  a  trichlor- 
propane.  All  these  exhibit  a  narcotic  action,  which  increases  with  increase 
in  the  number  of  chlorine  atoms ;  and  a  toxicity  towards  the  heart  and 
voluntary  muscles,  which  increases  pari  passu  with  the  narcotic  power. 

The  bromine  and  iodine  substitution  products  of  the  paraffins  exhibit 
quite  similar  tendencies.  Ethyl  bromide  and  ethyl  iodide  are  both 
anaesthetics,  and  bromoform  CHBr3  is  similar  in  action  to  its  analogue 
chloroform.  lodoform,  owing  to  its  physical  characters,  cannot  be  made  to 
demonstrate  such  an  action,  at  least  in  the  higher  animals. 

Some  further  consideration  will  be  given  to  the  halogen  compounds 
after  certain  other  substances  have  received  our  attention. 

That  form  of  association  between  carbon  and  nitrogen  which  is  found 
in  the  cyanides,  gives  rise  to  a  group  which  confers  great  physiological 
activity  upon  certain  organic  compounds,  and  offers  an  instance  of  special 
interest  in  connection*  with  the  present  subject.  These  substances  are  of 
two  types,  the  normal  cyanides  or  nitriles,  in  which  the  nitrogen  is  linked 
to  an  organic  radicle  by  its  associated  carbon  atom,  and  in  which  the 
nitrogen  is  trivalent:  E — C=N";  and  the  isocyanides  or  carbamines,  in 
which  the  nitrogen  atom  forms  the  link  and  is  pentavalent,  E — N==C. 
Shortly  after  the  latter  type  had  been  described  by  Hofmann  (and  in- 
dependently by  Gautier,  1867),  and  distinguished  chemically  from  the  earlier 
known  nitriles,  Hermann  called  attention  to  the  marked  difference  in  the 
physiological  activity  of  the  two.  The  difference  in  constitution  which 
confers  upon  these  compounds  chemical  properties  sharply  distinguished, 
no  less  markedly  influences  their  behaviour  in  the  body ;  and  in  the  greater 
toxicity  of  the  carbamines,  as  compared  with  the  nitriles,  we  have  one  of 
the  most  familiar  and  simple  instances  of  the  influence  of  structural 
isomeric  differences  upon  physiological  action. 

But,  while  it  is  perfectly  true  that  side  by  side  with  the  isomeric 
carbamine  a  nitrile  is  always  characteristically  less  active,  recent  study 
has  shown  that,  as  a  class,  the  normal  cyanides  are  by  no  means  inactive, 
and  indeed  that  they  may  reach  a  high  degree  of  toxicity  (S.  Lang).  What 
is  especially  interesting  here  is  the  fact  that  this  activity  is  displayed 
essentially  upon  the  lines  of  the  action  of  hydrocyanic  acid  and  cyanogen, 
so  that  the  nitriles  yield  a  very  striking  instance  of  the  effect  of  a  common 
group  upon  physiological  action.  Heymans  and  Masoin,  working  with 
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dinitriles  of  the  type  CN.(CH2)n.  CN;  and,  later,  Verbrugge,  employing 
the  mononitriles  of  the  fatty  series  CH3(CH2)n.CN,  found  that  the  char- 
acteristic symptoms  proper  to  the  action  of  HCN  and  (CN)2 — the  marked 
effect  upon  respiration,  the  accelerated  heart-beat,  muscular  paralysis, 
diminished  oxidation,  and  lowered  body  temperature — are  produced  by 
all  the  nitriles  which  they  studied.  Of  malonic  nitrile,  CH2(CN)2,  which 
was  examined  with  especial  completeness  by  Heymans  and  Masoin,  these 
observers  remark  that  the  symptoms  it  produces  are  so  like  those  of  prussic 
acid  and  cyanogen,  that  the  main  action  at  least  must  be  conceived  as 
being  brought  about  by  the  liberation  of  ON  in  the  body,  which  then  acts 
upon  the  tissues  in  its  nascent  state. 

We  have  other  evidence  that  a  separation  of  the  cyanogen  radical  does 
actually  occur  when  nitriles  are  administered — evidence  which  also  yields 
a  very  interesting  insight  into  one  aspect  of  the  actual  mechanism  of  their 
action.  It  was  at  one  time  thought  that  the  cyanogen  group  underwent 
a  change  which  is  highly  characteristic  of  the  behaviour  of  nitriles  outside 
the  body — that  it  was  hydrolised,  namely,  so  that  the  corresponding  acid 
was  produced ;  that  methyl  cyanide  or  aceto  nitrile,  CH3CN,  for  instance,  - 
yielded  acetic  acid  CH3COOH,  in  the  body. 

It  was  reserved  for  S.  Lang  to  show  that,  as  a  matter  of  fact,  the 
behaviour  is  quite  different,  and  it  was  demonstrated  that  the  nitriles  are 
so  oxidised  as  to  liberate  the  CN  group,  which  then  becomes  combined  with 
sulphur  in  the  body,  and  the  animal  under  the  influence  of  these  substances 
excretes  in  its  urine  large  quantities  of  sulphocyanic  acid,  HCNS,  or  salts 
of  this.  The  same  phenomenon  occurs  after  the  administration  of  prussic 
acid,  of  cyanogen,  and,  to  judge  from  the  extended  experiments  of  Heymans 
and  Masoin  and  of  Verbrugge,  it  is  so  with  all  the  toxic  nitriles  and 
dinitriles. 

Now,  Pascheles  has  shown  that  in  all  probability  the  sulphur  which 
combines  with  the  CN  group  is  derived  from  the  loosely  combined  moiety 
of  that  which  is  found  in  the  proteids  of  the  tissues.  This  reaction  of  the 
tissues  in  yielding  sulphur  to  the  poisonous  CN  group  is  essentially  an 
auto-des-intoxication — a  natural  Engiftung,  to  use  the  convenient  German 
expression ;  for  the  sulphocyanide  group  which  results  is  scarcely  poisonous 
to  the  organism.  But,  while  the  process  is  protective,  it  is  probable 
that  its  occurrence  at  least  contributes  to  the  production  of  the  symptom- 
complex  of  poisoning  by  nitriles ;  for  the  loosely  combined  sulphur  of 
proteids  undoubtedly  plays  an  important  role  in  metabolism,  and  the 
fixation  of  this  in  an  abnormal  form  cannot  be  without  effect. 

In  these  cyanogen  compounds  we  have,  therefore,  a  group  of  homologous 
substances  possessed  of  a  strictly  homologous  action ;  and,  as  a  rare 
instance,  if  the  assumption  I  have  just  made  be  correct,  we  have  at  least 
some  insight  into  the  mechanism  of  their  action.  It  is  interesting  to  observe 
how  the  relative  intensity  of  the  action  varies  in  nitriles  belonging  to  one 
homologous  series,  and  how  the  intensity  is  affected  by  the  nature  of  the 
structure  to  which  the  active  CN  group  is  linked. 

The  action  of  (CN).,  and  HCN  is  naturally  much  more  rapid  than  that 
of  the  organic  cyanides.  This  is  in  part  due  to  their  volatility,  but  chiefly 
follows  from  the  fact  that  in  the  organic  cyanides  the  molecule  has  to  be 
broken  up,  and  the  active  group  liberated  before  the  main  action  begins. 
Now,  the  mononitriles  of  the  fatty  series  exhibit  increased  toxicity  with 
increase  of  molecular  weight.  Verbrugge's  experiments  show  that  if 
we  compare  methyl-,  ethyl-,  and  propyl-cyanides,  and  calculate,  from  the 
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minimal  fatal  dose  of  each  in  the  rabbit,  the  number  of  molecules  which 
are  isotoxic,  we  get  the  series — 

CH,CN  CH3CH2CN  CH3CH.,CH2CN 

22  8  I 

Twenty-two  molecules  of  the  methyl  compound  are  only  equally  toxic 
with  eight  of  the  ethyl  and  one  of  the  propyl  compound.  Now,  it  is  a 
familiar  fact  that  hydrocarbon  residues,  containing  a  long  "  chain "  of 
carbon  atoms,  are  more  easily  oxidised  in  the  body  than  those  which  contain 
only  one  or  two  atoms ;  and,  within  limits,  the  ease  of  oxidation  grows 
greater  with  increase  in  the  length  of  the  chain.  It  is  easy  to  understand, 
therefore,  how  in  a  special  case  like  this,  where  the  active  group  has 
to  be  liberated  by  oxidation,  that  activity  increases  with  molecular 
weight. 

As  is  also  well  known,  the  aromatic  ring  is  very  resistant  to  oxidation 
in  the  body,  and  accordingly  we  find  that  benzoyl  nitrile  (phenyl  cyanide) 

is  but  little  toxic,  and  yields  no  detectable  sulphocyanides  in  the 

body  ;  the  cyanogen  is  probably  not  liberated. 

Quite  otherwise  is  it  with  benzyl  cyanide,  in  which  the  CN  group  is 

linked  to  the  aromatic  ring  by  an  intermediate  carbon  atom 

This  substance  displays  marked  activity,  akin  to  that  of  the  fatty  nitriles, 
and  induces  also  the  excretion  of  sulphocyanides.  Here  we  have  an 
instance,  common  enough  in  physiological  chemistry,  of  the  relative 
instability  of  a  "  side  chain  "  in  a  benzene  derivative  as  compared  with 
the  ring  itself.  Mention  of  this  last  compound  leads  me  to  quote  here 
an  instance  of  isomerism,  as  affecting  physiological  action,  in  which  the 
influence  of  the  structure  may  be,  from  what  has  been  said,  very  easily 
understood.  For  if  with  this  benzyl  cyanide  we  compare  its  isomer,  tolyl 
cyanide,  in  which  the  CN  group  is  attached  directly  to  the  ring,  we  find 
that  the  former  is,  for  the  rabbit,  no  less  than  twelve  times  as  toxic  as  the 
latter  (Verbrugge). 

CH  CH 

CH/\C.CH2CN 

cnl    JCH 

CH  GH 

(Benzyl  cyanide.)  (Tolyl  cyanide.) 

Nitrogen  compounds  of  the  type  just  considered  are,  broadly  speaking, 
general  tissue  poisons  ;  their  action  being  probably  largely  dependent  upon 
an  interference  with  the  processes  of  internal  respiration,  as  was  suggested 
by  Geppert  for  the  prototype  of  the  class — prussic  acid. 

The  other  main  group  of  organic  nitrogen  compounds  comprises  those 
substances  which  may  be  looked  upon  as  derived  from  ammonia  by  the 
substitution  of  alkyl  residues  for  hydrogen.  These  all,  like  ammonia 
itself,  display  their  most  prominent  activity  in  relation  to  the  nervous 
system. 

The  most  important  substances  of  this  group  are  the  nitrogen  bases,  of 
which  there  are  four  types,  distinguished  one  from  the  other  by  the 
relative  number  of  ammonium  hydrogen  atoms  replaced  by  alkyl  radicals. 
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The  following  table  shows  how  they  may  be  classified,  and  gives  examples 
from  the  aliphatic  and  from  the  aromatic  series  respectively : — 


AMINES  OR  AMMONIA  BASES  CONTAINING  TRIAD  NITROGEN. 

AMMONIUM  BASES  CONTAINING 
PENTAD  NITROGEN. 

Primary  or 
Amiilo  Bases. 

Secondary  or 
Imido  Bases. 

Tertiary  or 
Nitrile  Bases. 

Quaternary  Bases. 

NH,.CH3 
(Methylamine.) 

NH.(CH3), 

(l)imetliylaniiiie.) 

N(CH3)3 

(Triinethylaittine.) 

N(CH3)4OH 
(Tetramethyl  ainmoniuin- 
hydrate.) 

H 

NH2 

w 

/\    /VN 

/s 

H(  JH 

OCX) 

() 

NH 

N             N       N 

V 

/\ 

(Aniline.) 

(Piperifline.) 

(Pyridine.)     (Quinoline.) 

/\ 

I        CH3 
(Pyridiiie  inethiodide.) 

The  convulsant  effects  of  the  parent  base,  namely,  ammonia,  and  of 
its  salts  have  been  long  known.  Funke  and  Deahne  showed  that  the 
convulsions  produced  are  essentially  similar  in  nature  and  origin  to  those 
of  strychnine  poisoning,  the  symptoms  differing  only  in  the  absence  of  a 
prolonged  tetanus  such  as  is  seen  under  the  influence  of  the  alkaloid ;  this 
is  owing  to  the  fact  that  by  ammonia  the  motor  nerve  terminals  are 
rapidly  paralysed.  Now  all  the  organic  derivatives  of  ammonia  which  we 
are  about  to  discuss,  whether  the  simpler  alkyl  ammonia  bases,  or  the 
alkaloids  of  more  complex  structure,  affect,  on  the  one  hand,  certain  groups 
of  cells  in  the  central  nervous  system,  and,  on  the  other  hand,  the  motor 
terminations  of  nerves  in  the  muscles.  Whatever  superadded  effects  may 
be  present  in  individual  cases,  the  influence  upon  nerve  cells  and  upon 
motor  end -plates  is  always  prominent  in  the  physiological  action  of  nitrogen 
bases.  By  the  relative  intensity,  and  proportionate  rapidity,  with  which 
one  of  these  structures  or  the  other  is  excited  or  depressed,  we  may 
account  in  the  main  for  any  differences  in  the  action  of  one  base  and 
another.  At  the  same  time  a  comparison  between  the  chemical  constitu- 
tion of  the  base,  and  the  precise  nature  of  this  main  action — whether 
excitant  or  depressant,  and  whether  spent  chiefly  upon  the  central  or 
peripheral  structures — brings  to  light  a  very  definite  instance  of  close 
relationship. 

If  we  pass  from  ammonia  with  its  strychnine-like  action  upon  the 
cells  of  the  cord  to  (say)  ethylamine,  NH2.C2Hft,  we  find  the  convulsant 
action  still  present  but  in  diminished  degree ;  whereas  with  triethylamine 
N.(C2H5)3  it  is  lost,  or  nearly  so ;  this  base  producing  failure  of  reflexes 
unaccompanied  by  spasm.  Brunton  and  Cash  found  in  general  that  the 
replacement  of  hydrogen  in  ammonia  by  alkyl  radicles  yields  substances 
of  similar  action  to  that  of  the  parent  body,  but  with  diminished  convulsant 
power,  the  diminution  being  greater  in  proportion  to  the  number  of 
hydrogen  atoms  replaced.  But  when,  by  the  addition  of  yet  another  alkyl 
residue,  the  tertiary  base  is  made  to  change  its  type,  and  take  on  the 
quaternary  form — changing  from  the  ammonia  base  with  triad  nitrogen 
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to  the  ammonium  base  with  pentad  nitrogen,  then  another  factor  in  the 
physiological  action  comes  to  the  front.  Proceeding  to  the  study  of 
tetrethyl  (or  methyl)  ammonium  iodide,  Brunton  and  Cash  confirmed  the 
older  observations  of  Crum  Brown,  Fraser,  Jolyet  and  Cahours,  and  others, 
and  showed  that  this  change  of  type  produces  a  powerful  nerve-ending 
poison.  The  ammonium  bases  are  invariably  curariform  in  action. 

These  results  have  been  confirmed  by  many  workers,  and  for  a  great 
number  of  artificial  ammonium  bases  (Jordan,  Eabuteau).  Instead  of 
methyl  and  ethyl  derivatives,  analogous  bases,  containing  other  alkyl 
groups,  both  from  the  fatty  and  aromatic  series,  and  with  these  very 
variously  combined,  have  been  employed,  always  with  the  result  that  the 
quaternary  type  is  found  associated  with  a  curariform  action. 

Now,  many  of  the  natural  alkaloids  are  bases  of  the  tertiary  type ;  that 
is  to  say,  there  is  within  their  molecule  one  or  more  atoms  of  triad  nitrogen, 
with  all  three  affinities  saturated  by  carbon  linkages,  and  so  unassociated 
with  replaceable  hydrogen.  If,  therefore,  another  alkyl  group  is  to  be  linked 
on  to  this  nitrogen,  it  can  only  be  through  a  change  to  the  type  of  a 
quaternary  base,  with  pentad  nitrogen.  Such  a  change  occurs  with  the 
alkaloids,  as  with  other  tertiary  bases,  when  they  are  heated  with  an  alkyl 
iodide.  Thus,  when  strychnine  is  heated  with  iodide  of  methyl,  CH:?I,  it 
yields  the  iodide  of  methyl  strychnine,  or,  as  it  is  sometimes  called,  to 
indicate  its  quaternary  ammonium  structure,  methyl  strychnium  iodide. 
Now,  as  was  first  shown  by  Stahlschmidt,  one  effect  of  this  change  is 
greatly  to  reduce  the  toxicity  of  the  alkaloid ;  but  another,  as  Schroff  first 
observed,  is  to  convert  the  tetanising  base  into  a  paralysing  one.  It  was 
reserved  for  Crum  Brown  and  Fraser  to  show — in  the  classical  research 
referred  to  above-«-that  not  only  strychnine,  but  a  whole  series  of  natural 
alkaloids,  possessed  in  their  original  form  of  very  diverse  physiological 
influence,  when  converted  into  quaternary  bases,  become  curariform  in 
action.  Later  observers  have  added  many  other  alkaloids  to  this  list ;  and 
it  has  also  been  shown  that  pyridine  and  quinoline — tertiary  bases  of  com- 
paratively simple  structure  (cf.  table,  supra),  which  represent,  as  it  were, 
the  framework  of  the  molecules  of  most  of  the  more  important  active 
alkaloids — also  take  on  a  pronounced  curariform  action  when  converted 
into  quaternary  bases  by  the  addition  of  an  alkyl  group  (Santesson). 

To  the  facts  just  enumerated  certain  important  considerations  must  be 
applied.  When,  by  inserting  an  alkyl  group  into  the  molecule,  we  reduce 
all  these  various  bases  to  the  quaternary  type,  and  obtain  a  common 
physiological  action  as  a  result  of  the  community  of  type,  are  we  introdu- 
cing a  wholly  new  property  into  the  action,  or  do  we  only  exaggerate  one 
feature  of  the  normal  activity  of  the  original  base,  to  the  concealment  of 
others  ?  In  many  cases,  certainly,  it  is  only  the  latter  kind  of  result  that 
we  bring  about,  and  probably  it  is  so  in  all.  In  some  instances,  indeed,  we 
can  observe  the  curariform  action  in  the  original  tertiary  base,  though  it 
becomes  exaggerated  after  conversion  into  the  quaternary  form ;  this  is 
the  case  with  both  pyridine  and  quinoline  (Heintz). 

If  we  compare  strychnine  with  curare  (which  is  probably  a  natural 
quaternary  base),  the  stimulation  of  the  central  nerve  cell  by  the  former, 
and  the  depression  of  the  peripheral  nerve-ending  by  the  latter,  so  dominate 
their  respective  actions,  that,  under  ordinary  conditions  of  experiment,  we 
overlook  the  community  of  action  which  already  exists.  But,  as  a  matter 
of  fact,  curare,  in  suitable  doses,  and  especially  at  the  outset  of  its  action, 
is  decidedly  convulsant,  stimulating  the  nerve  cells  of  the  cord;  while 
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strychnine  in  large  doses  is  paralysing  and  depresses  the  motor  nerve- 
endings.  Moreover,  when  we  have  methylated  strychnine  into  the  quater- 
nary form,  and  so  enormously  increased  its  curariform  action,  we  have  not, 
as  Tillie  showed,  destroyed  its  convulsant  properties,  but  have  only  put 
these  into  the  background  of  the  picture  of  its  action.  For  if  we  protect 
by  ligature,  say  the  fore-limbs  of  a  frog,  leaving  the  hind-limbs  exposed  to 
the  action  of  the  poison,  and  then  inject  methyl  strychnine,  we  find  that 
while  the  curariform  action  becomes  evident  at  once  in  the  unprotected 
limbs,  the  protected  limbs  will,  after  an  interval,  give  a  tetanic  response 
to  stimulation ;  showing  that  the  nerve  cells  of  the  cord  are  stimulated,  as 
by  strychnine  itself,  though  such  stimulation  naturally  cannot  show  itself 
where  the  motor  nerve-endings  are  fully  paralysed,  as  in  the  unprotected 
limbs. 

When  administered  to  Rana  esculenta,  brucine  does  not  produce 
tetanus,  for  the  reason  that  in  this  species  of  frog  the  motor  nerve-endings 
are  paralysed  by  the  drug  with  great  rapidity,  and  the  more  slowly 
developed  stimulus  to  the  cord  is  unable  to  display  its  usual  motor  effects. 
On  the  other  hand,  in  Rana  temporaria,  brucine  is  tetanising  at  first,  because 
the  curariform  action  develops  more  slowly  (Santesson).  Again,  it  has 
been  found  that  the  demonstration  of  the  curariform  action  of  all  the 
substances  we  have  discussed  is  easier  in  cold-blooded  animals  than  in 
mammals ;  not  because  the  motor  nerve-ending  is  in  the  latter  indifferent 
to  the  drug,  but  because  the  proportionately  greater  sensitiveness  of  the 
central  cells  may  lead  to  convulsions  and  death  by  consequent  respiratory 
trouble  before  the  less  sensitive  motor  nerve-endings  can  be  affected. 

These  two  all-important  factors  in  the  physiological  action  of  the 
nitrogen  bases  cannot,  obviously,  be  displayed  together.  Special  experi- 
mental conditions  must  be  chosen  to  isolate  one  from  the  other,  or  else  the 
effect  of  the  more  prominent  action — be  it  strychniform  or  curariform — is 
alone  to  be  seen  in  any  case.  But  when,  as  the  result  of  accessory  factors 
in  its  constitution,  the  original  base  possesses  a  well-marked  physiological 
influence,  distinct  from  either  of  these  actions,  the  great  increase  of  curari- 
form power,  consequent  upon  its  conversion  into  a  quaternary  base,  may 
leave,  as  we  should  expect,  this  other  influence  intact  and  still  demonstrable. 
Thus  Brown  and  Fraser  showed  that  atropine  when  methylated  still  dilates 
the  pupil ;  and,  as  we  are  to  see,  it  needs  a  change  in  the  constitution  of 
this  alkaloid,  other  than  that  of  conversion  into  a  quaternary  base,  before 
its  mydriatic  power  is  affected. 

We  may  believe,  then,  that  such  a  change  as  conversion  into  the 
quaternary  type  does  not  qualitatively  affect  the  general  properties  which 
an  organic  base  possesses  in  virtue  of  being  an  ammonia  derivative ;  still 
less  does  it  affect  individual  properties  due  to  other  factors  in  the  molecular 
structure. 

All  ammonia  bases  possess,  as  was  said  at  the  outset,  a  characteristic 
influence  upon  the  nerve  cells  of  brain,  bulb,  or  cord;  and  a  tendency 
to  paralyse  the  motor  nerve-endings  at  least  is  equally  inherent.  The 
change  in  action,  after  conversion  into  the  quaternary  type,  is  quantitative 
and  relative.  But  the  universal  curariform  action  of  quaternary  bases  is 
no  whit  the  less  a  most  important  instance  of  the  influence  of  chemical 
type  upon  physiological  action.  It  is  a  case  where  the  one  constitutional 
factor  which  is  common  to  a  large  number  of  substances,  is  responsible 
for  the  one  feature  in  their  action  which  is  also  common. 

That  structural  type  has  a  predominant  influence  in  determining  the 
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curariforni  action  of  these  bases,  to  the  exclusion  of  other  factors,  is  strongly 
suggested  by  the  fact  that  salts  of  the  analogous  phosphorus  bases  —  in 
which  phosphorus  takes  the  place  of  nitrogen  —  such  as  tetraethyl-phos- 
phonium  iodide,  P(C2H5)4I,  are  also  curariform  in  action,  and,  according  to 
the  work  of  Rabuteau,  so  also  are  the  kindred  bases  in  which  arsenic  or 
antimony  plays  the  role  of  nitrogen  or  phosphorus. 

The  ammonia  residues,  —  NH2  or  —  NH,  may  be  present  in  compounds, 
where  they  have  structural  associations  differing  from  those  found  in  the 
bases  we  have  discussed.  It  would  be  interesting  to  follow  their  influence 
in  these  various  compounds;  we  have  space,  however,  to  consider  but 
two  cases.  The  base,  guanidin,  is  an  instance  of  special  interest.  Its 
molecule  contains  three  ammonia  residues,  associated  with  but  a  single 
atom  of  carbon. 

NH:C/ 


Administration  of  the  sulphate  of  this  base  to  frogs  was  found,  by 
Gergens  and  Baumaun,  to  influence  powerfully,  like  the  ordinary  ammonia 
and  ammonium  bases,  the  cells  of  the  cord  and  the  terminations  of  the 
motor  nerves.  But,  with  the  usual  stimulation  of  the  former,  it  combines 
the  exceptional  property  of  exercising  a  prolonged  excitant  effect  upon  the 
latter  also,  being  directly  antagonistic  to  curare.  It  is  quite  possible  that 
a  brief  stimulation  of  these  motor  mechanisms  may  precede  the  precisely 
opposite  effect  which  is  so  characteristic  in  the  bases  to  which  we  have  just 
given  so  much  attention  ;  but  if  this  be  the  case,  it  is  so  slight  and  so  brief 
as  to  be  usually  lost  in  the  subsequent  depression,  though  Tillie  observed 
some  degree  of  fibrillary  twitching  of  the  muscles  to  occur  in  the  action  of 
tetraethyl  ammonium  salts.  In  the  case  of  guanidin  this  twitching  was 
found  by  Gergens  and  Baumann  to  last  for  twenty  hours  or  more. 

In  combination  with  acid  radicles  of  the  fatty  series,  the  characteristic 
excitant  effects  of  the  ammonia  residues  are  lost.  Acetamide,  CH3.CONH2 
(Schultzen  and  Nencki.  Gibbs  and  Eeichert),  and  propionamide,  C2A5 
CONH2  (Gibbs  and  Eeichert),  for  instance,  are  quite  inactive  when 
administered  to  the  higher  animals. 

We  may  now,  with  advantage,  discuss  certain  general  considerations 
concerning  the  relative  influence  of  general  structure  and  substitutive 
groups,  which  are  illustrated  by  the  facts  already  presented. 

We  are  compelled  to  recognise  some  sort  of  causal  relation,  not  only 
in  the  alcohol  group,  but  in  many  other  physiologically  active  substances, 
between  the  presence  in  the  molecule  of  intact  alkyl  radicals  of  the  fatty 
series,  and  an  action  which,  from  the  first,  or  in  its  later  stages,  tends  to 
be  narcotic  or  depressant.  Frequently,  when  the  action  of  a  particular 
type  of  compound  does  not  primarily  tend  in  this  direction,  a  narcotic 
action  comes  more  or  less  to  the  front,  when  the  molecule  is  weighted  by 
the  substitution  of  alkyl  radicals  for  hydrogen.  Nevertheless,  this  effect 
is  very  far  from  being  independent  of  the  influence  of  associated  groups  or 
of  the  general  molecule  structure.  The  correlation  between  a  preponder- 
ance of  intact  fatty  alkyls  and  narcotic  action  in  a  substance  is  common 
enough  to  be  looked  upon  as  an  important  principle  in  our  subject  ;  but 
it  is  far  from  taking  rank  as  a  general  law.  Thus,  when  the  alkyls  are 
associated  directly  with  ammonia  residues,  the  narcotic  influence  falls 
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into  the  background ;  and  so,  too,  in  such  substances  as  the  organic 
cyanides. 

In  undissociable  organic  compounds,  as  was  said  above,  physiological 
action  is  generally  dependent  upon  the  mutual  influence  of  general 
structure  on  the  one  hand,  and  of  active  accessory  groups  on  the  other. 
But,  in  some  cases,  the  influence  of  type  or  general  structure  is  most 
prominent ;  while,  in  others,  a  particular  group,  though  never  independent 
of  its  molecular  associations,  may  have  an  influence  upon  action,  so  far 
predominant  that  it  comes  to  light  in  spite  of  not  unimportant  variations 
in  the  molecule  as  a  whole. 

In  the  organic  cyanides  we  have  a  series  of  compounds  which  do 
indeed  exhibit  community  of  action,  strictly  as  the  result  of  the  presence  of 
a  common  active  group.  The  group,  it  is  true,  happens  to  be  one  which 
stamps  them  as  belonging  to  a  special  chemical  class  or  type ;  but  as 
they  do  not  exercise  their  main  action  in  the  intact  condition,  but  depend 
for  this  upon  the  liberation  in  the  body  of  the  special  group  in  question, 
they  are  to  be  contrasted  with  the  quaternary  bases,  the  action  of  which 
is  apparently  closely  dependent  upon  the  intact  molecular  structure  or 
chemical  type.  In  the  nitriles  the  molecular  structure  as  a  whole  is 
mainly  of  influence  in  determining  the  relative  ease  with  which  the  active 
group  is  liberated,  and  for  the  most  part  affects  the  action  only  quantitat- 
ively; in  the  bases,  the  action  clearly  depends  more  particularly  upon 
the  structural  type,  and  variations  in  the  constituent  groups  have  only  a 
quantitative  influence. 

The  quaternary  bases  are  in  still  greater  contrast  with  such  substances 
as  the  sulphones,  in  which  the  structural  type  appears  to  stand  for  so  little, 
and  the  precise  nature  of  the  substitutive  groups  for  so  much.  The 
sulphones  are  nevertheless  to  be  contrasted  with  the  nitriles ;  for  we  have 
no  reason  to  suppose  that  the  groups  (ethyls)  which  confer  activity  upon 
the  former  are  so  liberated  in  the  body  as  to  exert,  in  any  strict  sense,  an 
action  of  their  own. 

Indeed,  the  three  classes  of  compound  in  question  illustrate  three 
distinct  aspects  under  which  constitutional  factors  affect  action.  First,  the 
influence  of  a  common  group,  the  predominance  of  which  is  due  to  its 
liberation  in  the  body;  second,  a  case  where  the  general  molecule 
structure  is  the  chief  factor;  and,  lastly,  an  instance  where  molecular 
structure — important  enough  in  itself — does  not  tend  to  activity  unless 
the  molecule  is,  as  it  were,  weighted,  to  a  definite  degree,  by  the 
substitutive  groups.  But  the  phenomenon  seen  in  the  sulphones,  of  a 
lack  of  any  equivalence  in  the  effect  of  adjacent  homologous  groups,  such 
as  methyl  and  ethyl,  is,  as  we  have  said,  rare. 

Somewhat  different  from  these  cases  are  the  physiological  relation  of 
such  groups  as  hydroxyl,  OH,  and  carboxyl,  COOH.  The  influence  of  these 
upon  activity  is  profound,  and  shows  itself  in  substances  of  very  diverse 
constitution ;  but,  unlike  mere  substitutive  radicles,  which,  in  the  sulphones, 
affect  action  without  affecting  the  chemical  type,  they  confer  by  their  very 
presence  a  new  chemical  stamp  upon  molecules  which  they  enter.  They  are, 
of  course,  not  groups  which  may  be  supposed  to  act  after  liberation  in  the 
tissues ;  but  by  affecting  the  actual  chemical  character  of  the  substance  as 
a  whole  they  modify  its  physiological  action.  The  hydroxyl  group  gener- 
ally confers  or  increases  activity,  the  carboxyl  generally  diminishes  it. 

It  not  unfrequently  happens  that  by  combining  the  influence  of  two 
groups  we  may  retain  the  action  of  the  one,  modified  in  some  desirable 
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direction  by  that  of  the  other.  But,  in  such  an  attempt,  the  general  structure 
of  the  molecule,  even  in  the  simplest  combinations,  has  always  to  be  taken 
into  account.  Thus,  if  we  wish  to  combine  the  hypnotic  or  narcotic  effect 
of  an  alkyl  group  with  the  antidepressant  influence  of  an  ammonia 
residue,  our  end  is  not  attained — as  we  know — in  the  basic  amines  (e.g. 
in  C2H5NH2),  for  here  narcotic  action  is  absent ;  nor  can  we  turn  to  the 
acid-amides,  for  these  are  so  largely  inactive  altogether.  But  Schmiede- 
berg,  on  experimenting  with  the  urethanes,  or  carbamic  ethers,  found  that 
the  object  mentioned  above  was  duly  attained  in  these  substances.  The 
difference  in  constitution  between  the  inactive  amide  of  propionic  acid  and 
the  hypnotic,  ethyl  urethane,  is  shown  by  their  respective  formulae — 


0  =  0^  p  TT    (propionamide) ;    0  =  C<f  nr,  IT   (urethane). 


To  illustrate  the  difficulties  in  connection  with  our  problem,  which  may 
arise  in  certain  cases,  we  will  now  recur  to  the  halogen  derivatives. 

In  the  view  of  Binz  and  his  school,  the  organic  halogen  compounds  owe 
their  common  action  as  narcotics,  to  the  fact  that  the  halogen  is  itself 
liberated  in  the  body.  It  cannot  be  said  that  there  is  sufficient  evidence 
of  this,  and  if  it  were  the  case  we  may  well  believe  that  the  facts  con- 
cerning the  action  of  these  compounds  would  come  more  into  line.  As  a 
matter  of  fact,  it  is  difficult  to  obtain  any  clear  view  of  the  precise  nature 
of  the  relation  between  the  presence  of  the  halogen  and  the  narcotic  action, 
which  is  yet  so  common  in  compounds  containing  them. 

In  the  first  place,  the  action  is  frequently  not  conferred  as  a  new 
property  by  the  entry  of  these  elements.  Thus,  the  anaesthetic  qualities 
of  the  volatile  halogenised  products  forming  the  chloroform  group  and  its 
analogues  are  found  already  in  many  of  the  volatile  hydrocarbons  from 
which  they  are  derived.  There  can  be  little  doubt  that  the  volatility 
itself  plays  an  important  role  in  this  action,  though,  according  to  Binz, 
carbon  hexachloride,  C2C16,  and  carbon  tetrabromide,  CBr4,  solid  substances, 
may  be  so  administered  as  to  produce  true  anaesthesia.  Among  the 
hypnotics  it  is  to  be  noted  that  the  properties  of  chloral  are  already 
present  in  paraldehyde  —  the  polymerised  form  of  its  halogen  free 
precursor. 

On  the  other  hand,  it  is  true,  cases  may  be  instanced  in  which  sub- 
stances without  narcotic  power,  or  possessed  of  it  in  minimal  degree  only, 
yield  halogen  derivatives  which  are  powerful  narcotics.  This  is  true  of 
glycerin,  which  yields  the  narcotic  chlorhydrins  (Marshall  and  Heath),  and 
a  frequently  quoted  instance  is  that  of  certain  bases  studied  by  Schulz  and 
Mayer.  These  bases,  oxalethylene  and  oxalmethylene,  are  derivatives 
of  oxalic  acid.  Although  possessed  themselves  of  an  action  which  is  in 
the  main  convulsant,  they  yield  chlorine  derivatives  which  are  strong 
narcotics. 

So  contradictory  are  the  results  yielded  by  the  study  of  the  fatty  acids 
and  their  halogen  derivatives,  that  it  is  quite  impossible  in  this  group  to 
relate  constitution  to  action  upon  any  satisfactory  lines.  Apart  from 
much  disagreement,  found  in  the  work  of  different  observers,  as  regards 
the  anaesthetic  or  narcotic  action  in  the  cases  of  individual  compounds  of 
this  class,  it  appears  that,  while  in  some  instances  the  substitution  of 
halogen  for  hydrogen  confers  narcotic  properties  upon  a  fatty  acid  or  its 
sodium  salt,  which  does  not  itself  display  them,  in  others  the  halogen 
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derivative  is  actually  less  narcotic  than  the  acid  from  which  it  is  derived 
(Mayer,  Pohl,  Frese,  Marshall  arid  Heath). 

Organic  halogen  compounds,  as  a  matter  of  fact,  yield  an  instance  of  a 
class  where  physical  properties,  differences  in  stability,  and  such  factors, 
come  so  much  to  the  front  in  the  control  of  action,  that  no  clear  relation 
between  this  and  chemical  constitution  can  be  demonstrated. 

Coming  now  to  a  more  particular  consideration  of  aromatic  substances, 
we  may  note  first  of  all  that  the  hydrocarbons  of  the  benzene  series  display 
greater  physiological  activity  than  do  the  paraffins,  a  fact  which  might  be 
expected  from  their  comparative  instability  and  greater  chemical  activity. 

Great  increase  of  activity,  however,  is  conferred  when  various  sub- 
stitutive  groups  become  associated  with  the  hydrocarbon  ring.  It  is 
increased,  for  instance,  as  soon  as  a  hydroxyl  group  enters  the  molecule. 
The  various  monohydroxy-derivatives  of  the  aromatic  hydrocarbons  all 
exhibit  characteristically  that  special  toxicity  towards  the  lower  organisms, 
which  constitutes  the  antiseptic  action  so  familiar  in  the  simplest  member 
of  the  series,  carbolic  acid  or  phenol,  C6H5.OH.  This  antiseptic  power  is 
however  common,  in  greater  or  less  degree,  to  so  many  members  of  the 
aromatic  class,  particularly  perhaps  in  the  case  of  the  simpler  substitution 
products  of  the  hydrocarbons,  that  it  gives  a  special  stamp  to  the  class  as 
a  whole ;  at  the  same  time,  we  are  entitled  to  say  that  it  is  associated  in 
especial  degree  with  those  substances  which  contain  the  OH  group. 

To  some  extent  toxicity,  at  least  towards  the  higher  animals,  increases 
with  increase  in  the  number  of  hydroxyl  groups  attached  to  the  benzene 
ring,  but,  as  in  the  case  of  nearly  all  the  polysubstitution  products,  we 
meet  here  very  interesting  evidence  of  the  influence  of  isomerism.  Thus, 
in  comparing  the  action  of  the  polyphenols,  we  find  that,  of  the  di- 

OH 

hydroxy  derivatives,  the  ortho- compound,  [  is  much  more  poisonous 


than  the  meta,  \  or  para  \       } ;  and,  of  the  trihydroxy  compounds, 

\x°H          \y 

OH 

that   in    which    the    OH   groups   are    adjacent    or   consecutive 

has  a   lethal  dose  twenty   times   smaller   than  that    of   its  symmetrical 
OH 

isomer   OHQOH 

Increase  of  activity  is  also  conferred  upon  the  hydrocarbon  benzene  by 
the  presence  of  the  NH2  group.  In  aniline,  C6H5.NH2,  we  have  a  sub- 
stance which  exhibits,  on  the  one  hand,  some  of  the  characters  which  we 
should  expect  to  find  in  it  as  an  ammonia  base  (phenylamine),  and,  on  the 
other,  special  properties,  in  virtue  of  its  constitution  as  derived  from  the 
aromatic  ring  (amido-benzene).  Jolyet  and  Cahours  found  it  stimulating 
to  the  cells  of  the  cord  in  frogs — like  other  ammonia  bases — while  it  also 
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shares  the  usual  fate  of  such  bases  in  becoming  curariform  in  action  when 
methylated. 

But  aniline  is,  like  phenol,  possessed  of  antipyretic  properties,  and 
these  must  be  ascribed  to  the  common  constitution  of  the  two  substances 
as  derivatives  of  benzene.  Their  marked  toxicity  in  other  directions 
prevents  these  simple  derivatives  being  put  to  practical  use  as  anti- 
pyretics ;  but  by  taking  the  molecule  of  aniline  or  phenol  as  the  sub- 
structure, and  by  introducing  groups  which  reduce  the  toxicity  while 
conserving  or  increasing  the  antipyretic  power,  valuable  drugs  have  been 
obtained.  Such  derivatives  have  been  the  subject  of  an  enormous  amount 
of  pharmacological  research,  and  have  a  bulky  literature  devoted  to  them. 
A  substance  obviously  related  to  both  aniline  and  phenol,  combining  in 

OH 


fact  the  characteristics  of  the  two,  is  paramidophenol,          .     This  possesses 


both  antipyretic  and  analgesic  power,  and  we  may  add  that  these 
two  actions  are  found  combined  in  all  the  compounds  we  are  discussing ; 
sometimes  the  antipyretic,  and  sometimes  the  analgesic  action  being  the 
more  prominent,  as  a  result  of  certain  modifications  in  constitution, 
raramidophenol  is  of  importance,  since  it  is  in  the  form  of  this  substance 
that  many  drugs  belonging  to  this  group  are  excreted,  and  there  is  some 
evidence  that  their  activity  may  depend  upon  their  yielding  it  in  the 
body. 

If  into  the  amido  group  of  the  aniline  molecule  an  acid  radical  be 
introduced,  the  toxicity  of  the  base  is  greatly  lessened,  while  its  antipyretic 
power  is  retained.  If  the  radical  chosen  be  acetyl,  CH3.CO — ,  the  product 
which  results  is  the  well-known  antifebrin  (acetanilide),  C6H5NH.OC.CH3 ; 
and  the  qualities  of  this  drug  are  also  obtained  when  certain  other  acid 
radicals  take  the  place  of  acetyl.  In  parenthesis,  it  may  be  remarked  that 
it  is  a  not  uncommon  phenomenon  for  the  introduction  of  an  acid  radical 
— and  especially  of  acetyl — to  reduce  the  toxicity  of  a  compound. 

We  may  fitly  utilise  the  substances  under  notice  to  emphasise  a  point 
which  is  of  some  importance  to  our  subject.  As  already  illustrated  by 
the  case  of  aniline,  a  substitution  product  may-,  from  the  very  nature  of 
molecular  structure,  exhibit  a  duplex  character  both  of  constitution  and 
action,  as  a  result  of  the  combined  impress  of  the  chemical  types  repre- 
sented in  its  molecule.  Aniline,  as  we  have  seen,  acts  in  its  two  characters 
as  phenylamine  and  amidobenzene. 

Recalling  now  the  structure  of  the  hypnotic  urethane  (supra},  we  see 
that  by  replacing  one  of  its  amidic  hydrogen  atoms  by  phenyl  we  should 

/~M"TT   C*    TT 

obtain  a  substance  having  the  constitution,  OC/  ^p,  W6    5 ;  this  is  phenyl 

urethane,  or,  as  it  has  been  called  in  therapeutics,  euphorine.  But  the 
formula  just  given,  which  shows  the  relation  of  the  compound  to  carbamic 
ether,  is  clearly  identical  with  that  presented  below,  which  brings  out  its 
relations  with  the  group  we  are  specially  considering. 

O  0 

On  /\          II 

NH-C-0-C2H5  (      JNH-C-CH3 

(Euphorine.)  (Antifebrin,  acetauilide. ) 
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Now,  although  more  strictly  homologous  with  uretharie  than  with 
acetanilide,  euphorine,  as  a  matter  of  fact,  exhibits  an  action  which  is 
antipyretic  rather  than  hypnotic.  It  is  a  well-marked  instance,  therefore, 
of  a  fact  which  is  common  enough — that  we  cannot  judge  in  advance 
in  such  cases  as  to  which  aspect  of  the  structure  will  be  most  impressed 
upon  the  physiological  tissues. 

If,  in  acetanilide,  we  replace  by  a  methyl  radical  the  atom  of  amidic 
hydrogen  which  is  left  free  by  the  acetyl  group,  we  bring  to  the  front  the 
analgesic  action  of  the  compound ;  the  product  which  results  being  exalgin, 
C6H5.NCH3.COCH3.  In  this,  however,  the  antipyretic  power  is  by  no 
means  lost,  but  only  takes  a  more  subsidiary  place  in  the  action.  And 
if  a  methyl  group  be  introduced  into  the  ring  of  the  acetanilide  molecule, 
instead  of  into  its  amido  group — that  is,  if  we  prepare  the  acetoluides, 
which  are  isomerides  of  exalgin — we  may  still  obtain  the  general  action 
of  this  interesting  class  of  substance ;  but  so  potent  is  the  influence  of 
isomeric  difference,  that  the  methyl  group  must  in  this  case  have  a  definite 
position  with  regard  to  the  acetamido  group.  The  mgfa-compound  is 
characteristically  antipyretic,  while  the  ortho  has  but  slight  influence  on 
temperature  and  the  para  is  inactive. 

We  saw  that  paramidophenol  was  antipyretic  and  analgesic ;  so  also, 
with  lessened  toxicity,  is  para-acetamidophenol,  which  bears  the  same 
relation  to  amidophenol  as  acetanilide  does  to  aniline.  If  in  this  we 
still  further  reduce  the  toxicity  by  replacing  the  hydroxyl  hydrogen  by 
an  ethyl  group,  we  obtain  the  drug  phenacetin,  the  action  of  which  is  of 
course  that  of  the  whole  class  we  are  considering. 

OH  OC9H, 


NH.COCHj  NH.COCH3 

(Paracetamidophenol.)  (Pheuacetiu.) 

The  common  influence  of  alkyl  radicals  in  making  for  a  narcotic  action 
is  also  seen  in  this  class.  Phenacetin  itself  is  more  narcotic  than  the 
acetarnidophenol  from  which  it  is  derived,  and  if  the  still  replaceable 
hydrogen  of  the  — NHCOCH3  group  in  phenacetin  be  also  exchanged  for 
methyl,  ethyl,  etc.,  the  narcotic  influence  comes  to  the  front. 

Some  time  ago  a  general  statement  was  formulated  by  Dujardin- 
Beaumetz  and  Bardel,  taking  the  form  of  the  law,  that,  among  the 
derivatives  of  benzene — (a)  those  which  contain  hydroxyl  are  antiseptic ; 
(b)  those  which  contain  an  amido  group,  or  such  a  derivative  of  this  as 
the  acetamido  group,  are  mainly  antipyretic;  and  (c)  those  which,  in 
addition  to  the  amido  group,  contain  a  hydrocarbon  residue  (methyl,  etc.), 
replacing  hydrogen,  are  chiefly  analgesic.  This  statement  gives  some 
general  indications  of  the  facts,  and  has  perhaps  been  of  use  in  synthetic 
studies ;  but  it  is  inexact.  The  properties  concerned  tend  to  overlap  in 
the  various  compounds,  and  though  the  whole  group  will  be  admitted  to 
offer  an  exceedingly  instructive  instance  in  support  of  the  thesis  of  this 
article,  the  relation  between  structural  details  and  the  minor  variations 
in  action  cannot  be  exactly  stated. 

If  into  the  structure  of  the  physiologically  active  substances,  acetanilide 
and  phenacetin,  we  introduce  a  carboxyl  group,  — COOH,  so  as  to  produce 
respectively  compounds  having  the  formulae,  C6H5NH.CO.CH2COOH  and 
C2HaO.C0H4.NH.CO.CH2COOH,  we  find  that  the  characteristic  action  of 
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the  parent  compound  has  entirely  disappeared.     These  carboxy  derivatives 
have  no  effect  upon  temperature,  and  are,  indeed,  physiologically  inactive. 

Nencki  and  Boutmy,  who  observed  this  result,  have  shown  that  it  is 
but  an  instance  of  an  extremely  common  phenomenon.  In  a  great  number 
of  active  compounds  of  very  diverse  constitution,  the  entrance  of  this 
carboxyl  group  into  the  molecule  has  the  effect  of  diminishing  or  destroy- 
ing activity,  from  the  physiological  point  of  view.  In  general  the  reason 
for  this  effect  is  to  be  found  perhaps  in  the  fact  that  the  group  renders 
the  substance  more  resistant  to  oxidation  in  the  body,  preventing  that 
decomposition  which  so  often  accompanies,  or  precedes,  reaction  with  the 
living  tissue. 

Confining  our  attention  for  the  present  to  the  simpler  derivatives  of 
benzene,  we  may  note  that  benzoic  acid,  C6H5COOH,  is  decidedly  less 
active  than  benzene,  C6H6,  itself;  while  much  less  toxic  than  phenol, 
C6H5OH,  are  the  oxybenzoic  acids,  C6H4OH.COOH. 

In  these  last  substances  the  nature  and  intensity  of  the  residual 
activity  depends  to  a  marked  degree  upon  the  particular  position  which 
the  carboxyl  group  assumes  on  entering  the  phenol  molecule.  The 
oxybenzoic  acids  offer,  indeed,  a  very  striking  instance  of  the  important 
influence  which  isomeric  structural  differences  may  exert  upon  physio- 
logical action. 

The  first  research  upon  these  acids  in  this  connection  was  made  by 
de  Rooy,  a  pupil  of  Stokvis.  Being  disubstitution  compounds  of  benzene, 
three  forms  exist,  in  each  of  which  the  relation  of  the  hydroxyl  and 
carboxyl  groups  is  different.  The  or^o-derivative  is  salicylic  acid  — 

OH  OH  OH 

/\COOH 


COOH 

(  Ortho-corn  pound.  )  (^fete-compound.)  (  Para-  com  pound.  ) 

Studying  the  respective  effects  of  these  upon  the  frog's  heart,  de  Eooy 
found  that,  while  salicylic  acid  had  an  action  which  recalled  in  many 
points  that  of  digitalis,  any  such  effect  was  practically  absent  when  the 
meta-  and  para-acids  were  employed  —  an  instance  of  the  influence  of 
isomerism  which  is  especially  instructive,  as  it  can  be  demonstrated  upon 
an  isolated  physiological  mechanism.  The  or^o-derivative  displays  no 
less,  however,  a  greater  activity  when  administered  to  the  intact  animal  ; 
this  is  true  both  as  regards  the  familiar  therapeutic  effects  of  salicylic 
acid,  and  the  ultimate  toxicity  when  administration  is  pushed.  That  the 
activity  of  salicylic  acid  is  associated  with  the  presence  of  the  OH  group,  is 
shown  first  of  all  by  the  contrast  it  exhibits  with  benzoic  acid,  and  next 
by  the  fact  that  if  the  hydroxyl  hydrogen  be  replaced  by  methyl,  the 
resulting  derivative,  C6H4.OCH3.COOH,  is  inactive;  while,  if  the  same 
methyl  group  replaces  hydrogen  elsewhere  in  the  ring  —  the  integrity  of 
the  hydroxyl  group  being  preserved  —  no  such  loss  of  activity  occurs. 
Thus,  the  next  higher  homologue  of  salicylic  acid,  cresolic  acid,  C6H3. 
CH8.OH.COOH,  has  action  perfectly  homologous  with  that  of  salicylic 
acid  itself. 

It  is  necessary  to  observe  next,  that  the  attachment  of  additive 
hydrogen  atoms  to  the  aromatic  ring  may  produce  very  marked  results 
upon  activity,  especially  it  would  seem  in  cases  where  nitrogen  is  already 
attached  to  or  forms  part  of  the  ring. 
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The  most  interesting  example  of  this  is  yielded  by  a  derivative,  not 
of  benzene,  but  of  the  double  ring  hydrocarbon  naphthalene.     /3-naphthyl- 

amine  [  is  a  comparatively  inactive  substance ;  tetrahydro-/3- 


H 

/NIL 

naphthylamine  f  |\H     ,  on  the  other  hand,  is  possessed  of  great 


H 
H 

physiological  activity,  and  that  of  a  remarkable  kind.  A  study  of  this  com- 
pound by  Bamberger  arid  Filehne,  and  another  by  Stern,  revealed  the  fact 
that,  unlike  the  parent  substance,  it  is  a  powerful  mydriatic — a  point  of 
interest,  as  we  are  to  see,  that  atropine  and  other  important  mydriatics 
are  derived  from  a  substance  containing  similar  additive  hydrogens  in 
the  ring.  To  the  mydriatic  influence  of  the  tetrahydro-naphthylamine 
is  added  a  constrictive  effect  upon  peripheral  vessels,  and  a  remarkable 
power  of  raising  the  body  temperature  (Stern,  Hale  White  and  Fawcett). 
This  substance  illustrates  once  more  the  extreme  sensitiveness  of  the 
tissues  to  a  change  in  the  position  of  substitutive  groups ;  for  a  similar 

H 

compound  in  which   the   NH.,  group   occupies  the   position 


H    NH, 


exhibits  none  of  the  properties  of  the  /3-derivative ;  nor,  again,  does  a 
substance  in  which  the  four  additive  hydrogen  atoms  take  their  place  in 
the  ring  which  contains  no  nitrogen. 

We  have  now  to  approach  the  very  important  group  of  aromatic 
bodies,  to  which  most  of  the  natural  alkaloids  belong,  in  which  nitrogen 
is  present,  not  in  an  accessory  lateral  group,  but  as  an  integral  part  of 
the  ring  itself. 


These   compounds    are   derivatives    either    of    pyridine,   I       I,  or    of 

N 
quinoline,  [  1   ;   we  shall  confine  our  attention  to  certain   among 


them  which  are  related  to  the  first  substance  —  pyridine  ;.  noting,  first 
of  all,  that  their  marked  activity  is  associated  with  the  presence  of  the 
additive  hydrogen  atoms  which  produce  so  great  an  effect  in  increasing 
the  activity  of  /3-naphthylainine.  The  substances  we  are  to  consider 
are  derived,  more  immediately,  not  from  pyridine  itself,  but  from  hexa- 
hydropyridine  (piperidine). 

We  shall  choose  more  particularly  for  discussion  examples  from  this 
group  which,  as  an  essential  part  of  their  physiological  action,  exhibit  an 
influence  upon  local  and  superficial  mechanisms.  As  was  emphasised  in 
the  introduction  to  this  article,  such  cases  are  apt  to  bring  to  light  a 
relation  between  structure  and  action  of  the  clearest  kind,  because  the 
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substance  reaches  the  sphere  of  activity  so  directly  that  it  avoids  the 
influence  of  the  disturbing  factors  which  we  have  elsewhere  discussed. 

We  shall  deal  then,  first  and  more  particularly,  with  atropine  and 
cocaine,  and  with  substances  related  to  them.  To  follow  satisfactorily  the 
evidence  offered  by  these  needs  somewhat  close  attention  to  complex  con- 
stitutional formulae ;  but  those  who  are  unaccustomed  to  the  use  of  these 
can  easily  recognise  on  inspection  the  existence  of  resemblances  in 
structural  type,  without  concerning  themselves  with  the  full  chemical 
significance  of  the  formulae. 

It  is  necessary  to  recall  to  mind,  first  of  all,  the  familiar  fact  that  the 
two  alkaloids,  atropine  and  cocaine,  are  closely  allied  in  their  local  action 
both  upon  the  pupil  and  upon  sensory  nerve-endings.  Both  are  active 
mydriatics;  both  are  local  anaesthetics,  though  in  the  latter  category 
the  activity  of  atropine  is  comparatively  slight.  These  resemblances 
are  immediately  related  to  similarity  in  the  groundwork  of  structure. 
Atropine  is  derived  from  the  base  tropine,  and  cocaine  is  a  derivative  of 
ecgonine ;  tropine  and  ecgonine  being  themselves  related  to  hexahydro- 
pyridine.  Ecgonine  differs  from  tropine  merely  in  containing  a  COOH 
group;  it  is  tropine-carboxylic  acid.  Eecent  research  points  to  the 
following  structure  for  these  closely  related  substances : — 

CH2— CH CH2  CH2— CH CH.COOH 


NCH,    CH.OH 


NCH,    CH.OH 


CH.7 — CH CH2  CH2 — CH CH2 

(Tropine.)  (Ecgonine.) 

Tropine  and  ecgonine,  however,  have  neither  mydriatic  nor  local 
anaesthetic  power.  In  atropine  the  hydrogen  of  the  hydroxyl  group  is 
replaced  by  an  acid  •  radical,  that  of  tropic  acid,  CHaOH.CHC^Hg.COOH. 
Cocaine  is  ecgonine  in  which  the  corresponding  hydrogen  atom  is  replaced 
by  another  acid  radical — that  of  benzoic  acid,  while  the  hydrogen  of  its 
carboxy  group  (which,  as  we  have  seen,  is  not  present  in  tropine)  gives 
place  to  the  alkyl  radical  methyl.  Thus  we  have — 

CH2— CH CH2  CH2— CH CH.COOCH3 


NCH3    CHO.COCH'^5 

I  I  .L-J12A 


CHO.CO.C6H5 


CH2— CH CH2  CH2— CH CH2 

(Atropine.)  (Cocaine.) 

Eemove  the  acid  radical  from  atropine  (Garrod,  Buchheim),  and  either 
the  acid  radical  or  the  methyl  group  from  cocaine  (Stockman,  Poulsson), 
and  all  local  action  is  lost.  Of  special  interest  to  our  subject,  however,  is 
the  fact  that  so  long  as  essential  homology  of  structure  is  maintained, 
homologous  action  remains.  Thus,  in  the  case  of  tropine,  we  may  replace 
the  tropic  acid  radical  with  other  similar  aromatic  acid  groups,  and  obtain 
a  series  of  bodies — the  tropeines  of  Ladenburg — of  which  mydriatic  action 
is  characteristic.  Prominent  among  these  is  that  tropeine  which  contains 
the  radical  of  mandelic  acid — the  well-known  homatropine.  The  following 
formuke  show  the  relation  between  the  acid  radical  of  atropine  and  that 
of  homatropine : — 

— OC— CH.C6H5.CH2OH— radical  of  tropic  acid. 

— OC — CH.OH.C6H5 — radical  of  mandelic  acid. 
Now,  if  the  radical  of  benzoic  acid,  — OC.C6H6,  occupies   the   same 
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position  in  tropine,  it  is  most  interesting  to  observe  that  the  compound, 
while  still  mydriatic  (Buchheim),  is  also  a  powerful  local  anaesthetic 
(Filehne).  If  in  this  benzoyl-tropine  a  — COOH  group  is  substituted, 
we  get,  of  course,  benzoyl-ecgonine — a  substance  which,  as  we  have 
seen,  is  inactive.  On  replacing  the  hydrogen  of  this  carboxy  group 
with  methyl,  we  pass  at  once  to  cocaine,  with  activity  in  relation  to 
the  local  mechanisms  restored. 

The  radical  benzoyl,  C6H5CO — ,  seems  to  exercise  a  special  influence 
in  producing  local  anaesthetic  action.  Thus,  Filehne  found  it  confer  this 
action  not  only  upon  tropine,  but  also  upon  quinine,  cinchonine,  hydro- 
cotarnine,  and  even,  to  less  degree,  upon  morphine.  But  we  have  here 
but  another  instance  of  the  fact  that,  however  potent  the  influence  of 
a  special  group  upon  a  special  action  may  be,  and  even  when  the  molecule 
apparently  lacks  this  action  in  the  absence  of  the  group  in  question,  it  is 
almost  always  from  its  particular  relation  to  general  structure  that  the 
group  obtains  its  power.  There  are  of  course  very  numerous  substances 
containing  benzoyl  which  have  no  antithetic  effect  whatever,  notable 
among  them  being — as  we  have  seen — benzoyl-ecgonine  itself. 

To  the  chemical  study  of  atropiue  by  Buchheim  and  Ladenburg  we 
owe  the  synthesis  of  homatropine;  but  a  more  complete  knowledge  of 
the  constitution  of  atropine  and  cocaine  .has  recently  led  to  the  artificial 
production  of  a  series  of  local  anaesthetics  and  mydriatics,  by  syntheses 
which  start  from  a  compound  the  relation  of  which  to  the  natural 
alkaloids  was  at  first  not  suspected.  This  relation  was  soon  established, 
however,  when  the  physiological  properties  of  its  derivatives  gave  the 
lead  to  research.  In  1886,  E.  Fischer,  having  studied  a  substance  which — 
originally  derived  from  acetone  by  the  action  of  ammonia,  and  subsequent 
reduction — is  known  as  triacetonalkylamine,  found  that  a  methyl  derivative 
of  this,  when  conjugated  with  mandelic  acid  (supra),  gave  rise  to  a  com- 
pound with  mydriatic  action.  This  fact  became  easily  understood  when 
Merling  established  the  close  similarity  in  constitution  between  Fischer's 
original  compound  and  tropine. 

C(CH3), CH2  CH2— CH CH2 


NCH,  CH.OH 


NCHQ    CH.OH 


C(CH3)2 CH2  CH2— CH CH2 

(Methyl-triacetonalkylamine. )  (Tropine. ) 


It  is  not  surprising  that  the  mandelic  radical,  which  converts  tropine 
into  homatropine,  should,  when  inserted  into  a  homologous  position  in  a 
substance  so  nearly  allied  to  tropine,  produce  a  mydriatic. 

Now  Merling,  having  in  mind  the  fact  that  ecgonine — the  parent 
substance  of  cocaine — is  only  tropine  plus  a  carboxyl  group,  predicted 
that,  if  such  a  group  were  inserted  into  the  triacetonalkylamine,  a  com- 
pound would  result  which  might  serve  as  a  nucleus  for  the  preparation 
of  artificial  local  anaesthetics.  This  prediction  was  verified.  Merling  pre- 
pared a  carboxy-acid  of  the  following  structure : — 

C(CH3)2 CH, 

NCH3  C :  (OH)COOH 

C(CH3)2 CH2 
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This,  though  very  like  ecgoniiie  (cf.  supra),  is  not  strictly  homologous 
with  it  ;  but  on  treating  Merling's  compound  exactly  as  one  would  treat 
ecgonine  to  obtain  cocaine  (that  is  to  say,  replacing  the  hydroxylic 
hydrogen  by  benzoyl,  and  the  carboxylic  hydrogen  by  methyl),  an 
important  local  ana-sthetic  was  obtained  ;  that  which  is  now  so  well 
known  as  eucaine  (Merling). 

C(CH3)2  -  dx2 


NCH3  C  :  (OCOC6H5)COOCH3 

C(CH3)2  --  CH2 

If  into  yet  another  related  substance  —  methyl-vinyl-diacetonalkamine 
(which  differs  from  the  parent  substance  of  eucaine  only  in  the  absence 
of  one  of  the  lateral  methyl  groups)  —  a  benzoyl  radical  be  introduced,  we 
obtain  eucame-/3:  (Vinci);  and  if  into  an  optical  isomer  of  the  same 
substance  we  introduce  the  radical  of  mandelic  acid,  there  arises  a  new 
mydriatic  known  as  euphthalniine  (Vinci). 

We  may  conclude  our  examples  with  some  facts  derived  from  the 
study  of  morphine  and  aconitine.  These  alkaloids  yield  illustrations, 
akin  to  those  we  have  obtained  from  atropine  and  cocaine,  of  the 
manner  in  which  the  action  of  a  substance  may  be  modified  by  changes 
in  the  accessory  groups  of  the  molecule. 

The  complex  molecule  of  morphine  contains  two  hydroxyl  groups, 
which,  as  is  usual,  have  considerable  influence  upon  physiological  action. 
The  loss  of  one  of  these,  involved  in  the  formation  of  apoinorphine,  is 
associated  with  a  remarkable  change  in  action,  which  is  very  familiar. 
But  it  would  be  a  mistake  to  ascribe  this  profound  change  solely  to  the 
elimination  of  a  hydroxyl  group  ;  the  process  of  dehydration,  by  which 
apomorphine  is  obtained  from  the  parent  base,  may  involve  other  and 
more  deeply  seated  changes  in  molecular  structure.  Dott  and  Stockman, 
however,  obtained  modifications  in  action,  as  a  result  of  replacing  the 
hydroxyl-hydrogen  atoms  of  morphine  with  alkyl  and  acidic  radicals,  which 
are  of  importance. 

In  codeine  we  have  a  natural  derivative  of  morphine,  in  which  the 
hydrogen  of  one  of  the  OH  groups  is  replaced  by  methyl.  This  base, 
as  is  well  known,  excites  the  cord  more  and  depresses  the  cortex  less 
than  does  morphine.  It  is  one  of  the  tetanising  group  of  the  opium 
alkaloids  (v.  Schroder).  Dott  and  Stockman  showed  that  radicals  homo- 
logous with  methyl,  (ethyl,  amyl,  etc.),  when  inserted  into  morphine,  and 
made  to  take  up  the  position  that  methyl  holds  in  codeine,  produced  artificial 
derivatives,  which  exhibited  quite  the  same  type  of  departure  from  morphine 
action  as  does  codeine.  They  were  all  less  narcotic  than  the  parent  base, 
and  tended  more  to  produce  tetanus.  So,  on"  substituting  for  the  hydroxyl- 
hydrogen,  certain  acid  radicals  (acetyl,  benzoyl),  compounds  were  obtained, 
which,  while  differing  somewhat  in  action  from  those  with  alkyl  groups 
in  the  same  position,  and  differing  from  morphine  itself,  showed  quite 
homologous  action  as  a  class  —  there  being  little  difference  whether  one  or 
two  hydroxyl-hydrogen  atoms  were  replaced.  But  these  various  derivat- 
ives, obtained  from  the  alkaloid  by  replacement  of  its  hydroxyl-hydrogen, 
while  showing,  as  we  have  seen,  a  change  in  action  which  is  very  observ- 
able, and  which  is  of  a  like  kind  when  homologous  or  similar  radicals  are 
substituted,  do  not  exhibit  any  profound  departure  from  the  parent  base. 
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Kather  is  one  aspect  of  the  total  action  of  morphine  brought  to  the  front, 
while  another  retreats  into  the  background.  With  the  entry  of  an  alkyl 
radical  into  the  central  structure  of  the  molecule,  the  actual  type  of 
action  changes  ;  when,  for  instance,  this  occurs  with  codeine,  the  substance 
becomes  a  muscle  poison  (I  )ott  and  Stockman). 

One  of  the  most  important  among  recent  contributions  to  our  subject 
is  the  study  of  the  action  of  aconitine  derivatives,  made  by  Cash 
and  Dimstan.  Of  the  actual  molecular  structure  of  this  base  we  have  no 
knowledge.  It  undoubtedly  contains,  however,  an  acetyl  and  a  benzoyl 
radical,  these  being  accessory  groups  susceptible  of  removal  without 
destruction  of  the  fundamental  structure. 

On  removing  the  acetyl  group,  the  substance  obtained  is  benzaconine ; 
on  removing  the  benzoyl  group  from  the  latter,  the  result  is  the  base 
aconine.  Thus  we  have — 

Aconitine         .         .     C,4H3r(CH3CO)(C6H5CO)N010. 
Benzaconine    .         .     a24H38(C6H5CO)NO10. 
Aconine  .         .     C24H39N010. 

Coincident  with  the  removal  from  aconitine  of  one  or  both  of  the  two 
acid  radicals  is  a  profound  change  in  physiological  action.  First  of  all  there 
is  to  be  noted  an  enormous  diminution  in  toxicity,  as  is  shown  by  the 
following  figures,  which  give  the  lethal  dose  of  each  substance  for  the 
cat,  expressed  in  grammes  per  kilo  of  body- weight. 

Aconitine         .         .     0'000134 
Benzaconine    ,      ,  ,v   OO245 
Aconine  .          .     0'16-'4 

Benzaconiue  is  no  longer,  like  aconitine,  a  virulent  heart  poison,  and 
aconine  is  even  a  cardiac  tonic,  which  may  act  as  an  actual  antidote  to 
aconitine.  Aconitine  depresses  primarily  the  terminations  of  sensory 
nerves,  benzaconine  affects  rather  the  motor  terminals,  and  has  no  local 
anaesthetic  action.  This  last  fact  yields  yet  another  instance,  illustrating 
the  point  raised  above.  For  while  aconitine,  with  its  local  anaesthetic 
effect,  contains  characteristically  enough  a  benzoyl  group,  yet,  with 
this  group  still  intact,  the  action  disappears  when  the  balance  of  the 
molecule  is  otherwise  affected — in  this  case  by  the  removal  of  an  acetyl 
group. 

Aconitine  and  its  derivatives  •  illustrate  once  more  how  entirely 
dependent  upon  the  integrity  of  a  particular  molecular  structure  is 
the  integrity  of  a  particular  action;  but  they  illustrate  also,  once  again, 
how  entirely  relative  may  be  the  importance  of  some  structural  detail. 
Thus  it  is  a  common  phenomenon,  of  which  instances  have  been  given 
in  this  article,  for  the  introduction  of  an  acetyl  group  to  produce  marked 
diminution  in  physiological  activity  ;  yet,  in  aconitine,  the  existence  of 
this  very  group  is  so  essential  to  activity,  that  on  its  removal  the  toxicity 
is  reduced  some  two  hundredfold.  To  repeat  in  other  words  what  has 
been  emphasised  before:  The  complex  interaction  with  the  bioplasm 
which  constitutes  a  physiological  action,  depends  always  upon  some 
particular  aspect,  some  essential  character,  of  molecular  constitution. 
But  while,  for  some  actions,  what  is  essential  may  be  retained  so  long 
as  the  ground-plan  of  structure  remains  intact,  for  others  (perhaps  the 
commoner)  the  exact  balance  of  certain  structural  details  is  no  less 
requisite ;  this  balance,  however,  is  usually  sufficiently  maintained  when 
any  group  in  the  molecule  is  replaced  by  another  which  is  homologous. 
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The  sensitiveness  which  the  tissues  may  exhibit  towards  details  of  structure 
is  shown  in  the  influence  upon  action  of  minor  isomeric  structural  differ- 
ences, of  which  instances  have  been  given  above ;  and  it  is  likely,  when 
the  matter  is  further  investigated,  that  we  shall  discover  similar  sen- 
sitiveness towards  physical  isoinerism  in  the  molecule. 

It  is  no  paradox  to  say  that  this  extreme  sensitiveness  of  the  tissues 
is  at  once  the  chief  support  of  our  thesis,  and  the  chief  difficulty  in  the 
way  of  its  application.  For,  so  far  from  being  independent  of  particularity 
of  structure,  physiological  activity  may  in  certain  cases  be  so  intimately 
associated  with  the  minutiae  of  this,  that  general  propositions  concerning 
the  relation  of  the  two  can  only  be  based  upon  the  most  intimate  know- 
ledge. This  knowledge  we  possess,  after  all,  in  but  very  small  measure. 
For  though,  as  we  have  said,  an  enormous  amount  of  work  has  been  done 
upon  the  problem ;  yet,  when  we  review  the  legion  of  substances  known 
to  the  organic  chemist,  unstudied  hitherto  as  regards  their  physiological 
action,  and  recognise  at  the  same  time  that  no  small  proportion  of  these 
may  be  much  better  suited  for  the  elucidation  of  our  subject  than  many 
compounds  which  the  leadings  of  practical  therapeutics  have  made 
prominent  objects  of  research ;  when,  too,  we  remember  that  the 
constitution  of  the  toxines  of  disease,  and  of  antitoxines  produced  in 
the  body,  is  yet  wholly  unknown — though,  surely,  knowledge  of  funda- 
mental importance  to  our  subject — we  may  well  admit  that  the  work  has 
hardly  begun. 
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THE  ACTION  OF  THE  GASES. 

IN  the  present  article  a  short  general  account  will  be  given  of  the  effects 
produced  by  breathing  air  which  has  been  altered  in  composition  by 
addition,  or  withdrawal,  of  any  of  the  more  commonly  occurring  gases, 
or  which  is  under  increased  or  diminished  pressure ;  also  of  the  manner 
in  which  the  air  of  inhabited  rooms,  mines,  etc.,  may  be  altered  in 
composition. 

General  remarks  on  the  mode  of  action  of  vases. — Certain  gases,  of  which 
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nitrogen  is  the  type,  have,  so  far  as  is  known,  no  specific  action  of  their 
own ;  hence  their  presence  in  air  is  only  of  physiological  importance  in 
so  far  as  they  dilute  the  oxygen.  Besides  nitrogen,  hydrogen  and  marsh 
gas  (CH4)  are  known  to  be  indifferent  gases,  and  argon  is  almost  certainly 
so.  A  mixture  in  which  the  nitrogen  of  air  has  been  replaced  by  either 
hydrogen  or  marsh  gas  supports  life  in  exactly  the  same  manner  as 
normal  air. 

At  a  given  atmospheric  pressure  the  specific  action  of  any  gas  depends 
on  the  percentage  of  it  which  is  present.  When  the  atmospheric  pressure 
varies,  however,  this  is  no  longer  the  case,  and  Paul  Bert  has  shown  that 
as  a  general  rule  the  specific  action  depends  on  the  partial  pressure  of 
the  gas.  Thus  at  a  pressure  of  half  an  atmosphere,  the  oxygen  of  pure 
air  would  produce  the  same  effects  as  air  containing  only  half  the  normal 
percentage  of  oxygen  would  produce  at  the  ordinary  barometric  pressure. 
Similarly,  the  carbonic  acid  in  air  containing  1  per  cent,  at  five  atmospheres 
would  produce  the  same  effects  as  5  per  cent,  at  one  atmosphere.  This 
law  is  of  special  importance  in  connection  with  the  effects  of  the  low 
atmospheric  pressures  experienced  by  mountain  travellers  and  balloonists. 
In  the  case  of  one  gas,  carbonic  oxide,  the  law  does  not  hold.  The  causes 
of  this  exception  will  be  discussed  later. 

In  considering  the  action  of  gases,  it  is  of  great  importance  to  bear  in 
mind — (1)  That  they  are  both  absorbed  and  eliminated  with  great 
rapidity;  (2)  that  the  rate  of  absorption  and  elimination  varies  greatly 
in  different  classes  of  animals,  and  that  in  comparing  the  effects  of  gases 
and  vapours  on  men  and  animals,  allowance  must  be  made  for  this  fact. 
The  reasons  for  the  extraordinary  rapidity  with  which  gases  are  absorbed 
and  eliminated  by  the  lungs  are — (1)  The  enormous  absorbing  surface 
presented  by  those  organs,  and  (2)  the  fact  that  the  whole  of  the  blood 
of  the  body  passes  through  the  lungs  during  each  round  of  the  circulation. 
Even  very  poisonous  gases  injected  hypodermically  may  thus  produce 
little  or  no  effect,  whereas  the  same  gas,  if  inhaled,  although  in  great 
dilution,  may  cause  rapid  death.  The  rate  of  absorption  or  elimination 
of  gases  in  relation  to  unit  of  body  weight  must  evidently  depend,  other 
things  being  equal,  on  the  rapidity  of  the  respiration  and  circulation. 
In  small  warm-blooded  animals,  however,  these  processes  are  far  more 
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rapid  than  in  large  animals  such  as  man :  consequently  in  small  animals 
the  rapidity  with  which  gases  and  vapours  act  is  far  greater  than  in  man. 
Thus  a  mouse  or  small  bird  will  show  the  effects  of  a  poisonous  atmosphere 
in  a  fraction  of  the  time  required  by  a  man.  In  the  case,  for  instance,  of 
air  containing  a  given  small  percentage  of  carbonic  oxide,  a  mouse  will 
show  the  characteristic  effects  in  about  three  minutes,  whereas  a  man 
under  similar  conditions  will  not  be  correspondingly  affected  for  about 
an  hour.  To  take  another  instance :  a  mouse  placed  in  air  deprived  of 
oxygen  will  go  into  convulsions  in  a  few  seconds,  whereas  a  man  breathing 
the  same  air  will  not  even  lose  consciousness  for  about  three-quarters  of 
a  minute.  Small  animals  can  thus  often  be  conveniently  used  to  indicate 
the  presence  of  dangerous  impurities  in  air.  Small  animals  are  not  easily 
affected  by  sudden  decompression,  and  this  is  probably  due  to  the  fact 
that  their  respiratory  exchange  is  so  rapid  that  they  can  very  quickly 
get  rid  through  the  lungs  of  the  extra  nitrogen  dissolved  in  their  blood 
and  tissues  during  exposure  to  compressed  air. 

As  gases  are  not  only  absorbed,  but  also  eliminated,  very  quickly  by 
the  lungs,  their  direct  action  passes  off  very  rapidly  when  pure  air  is 
again  breathed.  They  often,  however,  leave  behind  them  after-effects, 
due  to  the  changes  which  they  have  produced  during  their  presence  in 
the  body.  These  after-affects  are  frequently  of  great  importance,  and 
must  not  be  attributed  to  retention  of  the  gases  within  the  body. 

Mechanical  effects  of  changes  of  atmospheric  pressure. — So  far  as  is  known, 
mere  increase  or  diminution  of  atmospheric  pressure  has  in  itself,  and 
apart  from  the  specific  effects  of  oxygen,  no  direct  physiological  action ; 
unless,  however,  the  change  of  pressure  is  slow  enough,  certain  mechanical 
effects  may  be  produced.  During  a  rapid  and  considerable  rise  of 
atmospheric  pressure,  such  as  that  which  is  experienced  in  the  air-lock 
leading  to  a  caisson  for  working  under  water,  or  by  a  diver  in  descending, 
or,  to  a  lesser  degree,  in  descending  the  shaft  of  a  deep  mine  in  the  cage, 
the  most  prominent  effect  is  usually  a  feeling  of  pressure  in  the  ears,  due 
to  the  fact  that  air  is  not  admitted  through  the  Eustachian  tube  quickly 
enough  to  equalise  the  pressure  on  the  two  sides  of  the  tympanum. 
Relief  may  usually  be  obtained  at  once  by  voluntarily  opening  the 
Eustachian  tubes ;  but  if  the  latter  are  more  or  less  blocked  up  by  catarrh, 
there  is  acute  pain,  and  one  or  both  tympana  may  be  ruptured.  The 
increased  pressure  also  leads  to  a  diminution  in  volume  of  the  abdominal 
viscera,  through  the  contained  gases  being  compressed ;  and  in  consequence 
of  this,  apparently,  the  breathing  is  deeper  and  the  respiratory  capacity 
increased.  The  increased  pressure  has  of  course  no  direct  influence  on 
the  circulation,  and  it  is  a  mistake  to  suppose  that  the  blood  can  be  driven 
inwards  towards  the  cranial  cavity,  etc.  The  voice  is  distinctly  altered 
in  quality  in  highly  compressed  air,  and  it  is  no  longer  possible  to 
whistle. 

By  far  the  most  important  mechanical  effects  of  increase  of  atmospheric 
pressure  occur,  however,  not  during  rise  of  pressure,  but  during  or  soon 
after  a  rapid  fall;  and  it  is  almost  certainly  to  these  effects  that  the 
dangers  are  due  which  practical  experience  has  shown  to  be  associated 
with  the  work  of  divers,  and  of  persons  employed  in  caissons  sunk  in  very 
deep  water,  or  in  the  construction  of  tunnels  under  rivers,  when  the  use 
of  compressed  air  is  necessary  to  keep  out  the  water.  Men  who  have  been 
for  some  time  in  air  compressed  to  more  than  two  or  three  atmospheres 
are  often  attacked  on  coming  out,  or  sjhortly  afterwards,  either  by  pains 
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localised,  usually,  in  joints,  or  by  more  or  less  extensive  paralytic  affections, 
commonly  affecting  both  the  lower  limbs,  or  even  by  loss  of  consciousness, 
accompanied  by  cyanosis,  failure  of  the  heart's  action,  and  rapid  death  in 
the  absence  of  prompt  treatment.  This  group  of  affections,  commonly 
known  as  caisson  disease  or  diver's  disease,  was  experimentally  investi- 
gated by  Paul  Bert,  who  gave  what  appears  to  be  the  correct  explana- 
tion. As  all  liquids  in  contact  with  a  gas  take  up  in  simple  solution 
an  amount  of  the  gas  proportional  to  the  partial  pressure  of  the  latter, 
it  follows  that  during  exposure  to  compressed  air  the  amount,  both  of 
free  nitrogen  and  oxygen,  taken  up  by  the  blood  passing  through  the  lungs, 
will  be  increased  in  proportion  to  the  rise  of  pressure.  The  extra  free 
oxygen  will,  of  course,  be  rapidly  used  up  in  the  capillaries,  so  that,  except 
in  the  arterial  blood,  there  will  be  little  or  no  excess  of  free  oxygen  in  the 
body.  With  the  extra  free  nitrogen,  however,  the  case  is  different,  as 
nitrogen  is  not  used  up  in  the  body,  so  that  not  only  the  whole  of  the 
blood,  but  also  the  whole  of  the  semi-liquid  tissues  of  the  body,  will 
gradually  become  charged  with  a  great  excess  of  free  nitrogen.  So  long 
as  the  person  remains  in  the  compressed  air,  this  extra  nitrogen  will  of 
course  not  be  given  off  as  bubbles,  but  on  the  return  to  ordinary 
atmospheric  pressure  the  free  nitrogen  will  tend  to  appear  as  gas  bubbles 
in  the  blood  and  tissues,  just  as  carbonic  acid  appears  as  bubbles  in  soda 
water  when  the  cork  of  the  bottle  is  removed.  These  bubbles  may 
accumulate  in  the  heart,  and  so  stop  the  circulation,  or  they  may  cause 
local  stoppage  of  the  circulation  in  the  lungs,  central  nervous  system,  or 
other  parts  of  the  body,  and  thus  give  rise  to  the  varied  group  of  symptoms 
comprised  under  the  designation  of  caisson  disease.  Bert  demonstrated 
the  existence  of  accumulations  of  nitrogen  by  experiments  on  animals,  and 
the  objections  which  have  been  raised  to  his  theory  are,  for  the  most  part 
at  least,  based  on  misunderstandings.  It  has  recently  been  maintained 
that  the  occurrence  of  the  symptoms  can  be  avoided  more  or  less 
completely  by  keeping  the  compressed  air  perfectly  free  from  the  products 
of  respiration,  etc.  If  this  were  really  the  case,  Bert's  theory  would 
entirely  break  down,  and  no  other  theory  hitherto  put  forward  would 
explain  the  facts.  The  very  small  amounts  of  carbonic  acid  present  in 
the  air  of  even  badly-ventilated  caissons  cannot  have  anything  to  do  with 
the  symptoms. 

The  main  point  in  the  immediate  treatment  of  the  group  of  symptoms 
just  referred  to  is  to  replace  the  patient  in  compressed  air  on  their 
occurrence.  The  success  of  this  plan  affords  strong  confirmation  of  Bert's 
theory,  as  the  effect  of  recompression  will  of  course  be  to  diminish  the 
volume  of  the  bubbles  of  air,  and  aid  their  solution.  When  the  patient 
is  relieved,  the  pressure  is  again  lets  down  very  slowly.  At  engineering 
undertakings  where  work  in  compressed  air  is  carried  on,  it  is  now  usual 
to  have  a  "  medical  air-lock "  in  readiness  for  this  form  of  treatment. 
The  men  are  also  detained  for  some  time  after  coming  out,  as  frequently 
the  symptoms  do  not  appear  until  after  half  an  hour  or  more.  If  the 
decompression  is  slow  enough,  the  liberation  of  bubbles  of  nitrogen  will 
not  occur,  as  the  extra  nitrogen  will  have  time  to  diffuse  off  by  the  lungs. 
With  a  view  to  the  prevention  of  bad  effects,  the  rate  of  decompression  is 
therefore  usually  made  as  slow  as  practicably  possible.  The  exact  con- 
ditions requiring  to  be  observed  for  the  avoidance  of  the  dangers  due 
to  decompression  have  not,  however,  been  satisfactorily  determined,  and 
indeed  the  whole  subject  requires  further  investigation. 
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Effects  of  lack  of  oxygen. — From  what  has  already  been  remarked,  it  is 
evident  that  lack  of  oxygen  may  be  caused  either  by  deficiency  in  the 
oxygen  percentage  of  air,  or  by  diminution  of  atmospheric  pressure.  The 
group  of  symptoms  produced  in  the  latter  manner  have  long  been  known 
as  mountain  sickness,  while  the  effects  of  deficiency  in  the  oxygen  per- 
centage are  not  so  well  known,  and  are  constantly  confused  with  the  very 
different  effects  caused  by  excess  of  carbonic  acid.  The  theory  recently 
put  forward,  that  mountain  sickness  is  due  to  lack  of  carbonic  acid  in  the 
blood,  is  certainly  erroneous. 

Pure  dry  air  contains  20'94  per  cent,  of  oxygen  by  volume,  and,  what 
is  the  essential  point,  physiologically  speaking,  the  partial  pressure  or 
tension  of  oxygen  in  pure  air  at  the  standard  pressure  of  760  min.  of 
mercury,  is  consequently  20 '94  per  cent,  of  an  atmosphere.  The  oxygen 
tension  of  air  may,  however,  either  in  consequence  of  vitiation  of  the  air, 
or  of  diminished  atmospheric  pressure,  fall  considerably  below  the  value 
just  mentioned  without  any  appreciable  symptoms  being  produced.  Thus, 
in  consequence  of  the  ordinary  fluctuations  of  barometric  pressure,  the 
oxygen  tension  at  sea-level  varies  commonly  from  about  20 -2  per  cent, 
to  21 '6  per  cent,  of  an  atmosphere.  The  point  at  which  fall  of  oxygen 
tension  begins  to  be  appreciable  varies  considerably  with  different 
individuals,  and  in  different  states  of  the  same  individual,  but  as  a  rule 
nothing  is  felt  until  the  tension  is  below  15  per  cent.,  corresponding  to  the 
diminished  pressure  experienced  at  a  height  of  about  8000  ft.,  or  to  air  at 
normal  pressure  vitiated  by  loss  of  oxygen  to  such  an  extent  that  a  candle 
is  instantly  extinguished  in  it.  The  first  symptoms  usually  noticed  are  that 
any  great  muscular  exertion  is  less  easy,  and  that  it  is  apt  to  cause  slight 
dizziness  and  unusual  shortness  of  breath.  A  person  not  exerting  himself 
will  usually  not  notice  anything  unusual  until  the  oxygen  tension  has 
fallen  to  nearly  10  per  cent.  The  respirations  then  begin  to  be  deeper 
and  more  frequent.  The  pulse  is  also  more  frequent,  and  the  colour  of  the 
lips  and  face  begins  to  get  slightly  dusky.  At  7  per  cent,  there  is  usually 
distinct  panting,  accompanied  by  palpitations,  and  the  face  becomes  of  a 
leaden  blue  colour.  At  the  same  time  the  mind  becomes  confused,  and 
the  senses  dulled,  although  the  person  breathing  the  air  may  be  quite 
unaware  of  the  fact.  Muscular  power  is  also  greatly  impaired.  At  a 
slightly  lower  tension  there  is  complete  loss  of  consciousness,  and,  to  judge 
from  the  recorded  fatal  accidents  during  balloon  ascents,  life  is  in  imminent 
danger  at  a  pressure  of  about  a  third  of  an  atmosphere,  or  a  height  of 
30,000  ft.  In  the  case  of  some  persons  there  is  little  or  no  respiratory 
distress  during  gradual  diminution  of  the  oxygen  tension,  and  loss  of 
consciousness  occurs  without  any  previous  discomfort.  Since  the 
respiratory  symptoms  produced  by  diminution  of  the  oxygen  tension  in 
the  air  breathed  are  comparatively  slight,  there  is  very  little  to  give 
warning  of  the  dangers  due  to  want  of  oxygen.  In  going  into  places  in 
mines  where  the  air  is  very  deficient  in  oxygen,  the  writer  has,  for 
instance,  found  it  more  easy  to  judge  of  the  limit  of  safety  by  the  colour 
of  the  skin,  than  by  subjective  symptoms.  It  will  thus  be  readily  under- 
stood that  there  is  great  risk  in  venturing  too  far  into  an  atmosphere 
where  the  oxygen  tension  is  very  low,  as  in  very  high  balloon  ascents,  or 
in  descending  into  wells  and  other  places  containing  air  much  vitiated  by 
absorption  of  oxygen. 
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Lack  of  oxygen  may  produce  a  large  variety  of  symptoms,  such  as 
nausea,  sleeplessness,  headache,  excitement,  etc.,  in  addition  to  those  just 
mentioned,  and  these  symptoms  vary  according  to  the  length  of  exposure, 
the  amount  of  muscular  work  done,  and  a  number  of  other  circumstances. 
It  appears  to  be  clear,  moreover,  that  within  certain  limits,  tolerance  to 
air  of  low  oxygen  tension  may  be  established.  Thus  mountain  sickness 
can  be  to  a  large  extent  obviated  by  ascending  very  gradually  to  the  high 
levels.  Even  at  so  moderate  a  height  as  6000  ft.  it  is  quite  common 
for  persons  to  suffer  at  first  from  sleeplessness,  excitement,  shortness  of 
breath,  etc.  These  symptoms  disappear  entirely  after  a  few  days. 

It  has  been  found  that  a  stay  at  high  altitudes  is  associated  with 
marked  changes  in  the  blood,  there  being  a  considerable  increase  in  the  pro- 
portion of  both  red  corpuscles  and  haemoglobin.  This  increase  may  amount 
to  as  much  as  50  per  cent.,  and  has  been  observed  in  animals  as  well  as  in 
men.  It  occurs  gradually  in  the  course  of  several  weeks,  and  a  correspond- 
ing diminution  occurs  after  a  return  to  lower  levels.  The  increase  observed 
differs  considerably  in  different  persons,  and  the  rise  in  the  number  of 
corpuscles  does  not  always  run  parallel  with  the  rise  in  the  percentage  of 
haemoglobin.  The  appearance  of  small  red  corpuscles  has  been  observed 
simultaneously  with  the  rise.  A  similar  increase  in  red  corpuscles 
and  haemoglobin  has  been  obtained  in  animals  kept  in  rarefied  air  at 
ordinary  levels,  so  that  it  is  evidently  due  to  the  rarefied  air,  and  not 
to  other  conditions  associated  with  high  altitudes.  Eecent  experiments 
by  Weiss  seem  to  prove  that  the  total  amount  of  haemoglobin  in  the 
body  is  in  no  way  altered,  in  spite  of  the  increase  in  the  percentage 
of  haemoglobin  in  the  blood.  He  found  as  the  mean  of  nine  experiments 
in  which  rabbits  of  the  same  litter,  kept  partly  at  Basle  and  partly  at 
elevated  stations  in  the  Alps,  were  compared,  that  at  the  elevated  stations 
there  was  no  increase  in  the  total  amount  of  haemoglobin,  although  the 
number  of  red  corpuscles  in  a  given  volume  of  blood  had  increased  26  per 
cent.  It  would  thus  appear  that  the  increased  concentration  of  the  blood 
at  high  altitudes  occurs  at  the  expense  of  a  diminution  in  its  volume,  just 
as  in  chlorosis  the  diminished  concentration  is  at  the  expense  of  increased 
volume,  as  recently  shown  by  Lorrain  Smith.  The  increase  in  the  per- 
centage of  haemoglobin  at  high  altitudes  has  been  regarded  as  a  com- 
pensatory change,  the  effect  of  which  is  to  neutralise  the  influence  of 
diminished  oxygen  tension.  How  such  an  effect  could  be  produced  is  by 
no  means  clear.  It  was  found  by  Lorrain  Smith  and  myself  that  animals 
exposed  to  great  diminution  of  pressure  survive  equally  well  when  their 
haemoglobin  is  two-thirds  saturated  with  carbonic  oxide.  This  fact  seems 
to  tell  strongly  against  the  theory  that  the  change  is  compensatory. 

When  the  air  breathed  contains  no  oxygen,  or  not  more  than  2  or  3 
per  cent.,  loss  of  consciousness  occurs  suddenly,  and  with  little  or  no 
previous  discomfort,  after  about  forty-five  seconds.  The  face  becomes 
cyanosed  a  short  time  previously.  In  animals  loss  of  consciousness  is 
rapidly  succeeded  by  convulsions,  after  which  the  respirations  cease, 
though  the  heart  continues  to  beat  for  several  minutes,  during  which 
resuscitation  by  artificial  respiration  can  easily  be  effected.  The  post- 
mortem appearances  when  rapid  asphyxia  from  want  of  oxygen  has 
occurred,  are  venous  engorgement  of  the  face,  neck,  and  chest,  with  dis- 
tention  of  the  right  side  of  the  heart.  In  cases  where  death  from 
deficiency  of  oxygen  has  occurred  slowly,  there  are  probably  no  character- 
istic post-mortem  signs,  unless  sufficient  time  has  elapsed  before  death  for 
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evident  fatty  degeneration  to  have  taken  place  in  the  heart  and  other 
organs. 

Air  which  is  deficient  in  oxygen  may  easily  be  recognised  by  its 
action  on  caudles  or  lamps.  As  the  oxygen  percentage  diminishes,  the 
rate  of  combustion  and  the  light  given  by  a  candle  or  lamp  steadily 
diminish,  and  at  about  17 '3  to  17 '5  per  cent,  of  oxygen  the  candle  or 
lamp  goes  out.  The  extinction  is  commonly  attributed  to  the  presence 
of  carbonic  acid  in  air,  but  this  is  a  complete  mistake.  The  light  goes  out 
whether  carbonic  acid  is  present  or  not.  As  air  which  is  just  sufficiently 
vitiated  by  deficiency  of  oxygen  to  extinguish  a  candle  is  still  perfectly 
safe  to  breathe,  the  candle  test  is  excellent  when  it  is  known  that 
no  poisonous  gas  such  as  carbonic  oxide  or  sulphuretted  hydrogen  is 
present. 

Effects  of  excess  of  oxygen. — Air  at  ordinary  pressure,  and  containing  an 
excess  of  oxygen,  produces  no  noticeable  effect  on  a  healthy  person,  at 
least  within  several  hours.  The  rate  of  oxidation  in  the  body  is,  as 
Loewy  showed,  not  sensibly  increased  or  diminished,  and  it  is  impossible 
to  tell  the  difference  between  air  and  pure  oxygen  by  subjective  feelings. 
When,  however,  the  partial  pressure  of  oxygen  in  the  air  breathed  is 
increased  to  from  three  to  five  atmospheres,  either  by  compressing  pure 
oxygen  to  from  three  to  five  atmospheres,  or  by  compressing  air  five  times 
as  much,  the  oxygen  acts  as  a  poison,  and,  as  was  shown  by  Paul  Bert, 
animals  placed  in  such  an  atmosphere  rapidly  go  into  violent  convulsions 
and  die.  It  has  quite  recently  been  shown  by  Lorrain  Smith  that  the 
oxygen  not  only  affects  the  central  nervous  system,  but  also  the  lungs. 
Animals  left  for  some  time  in  oxygen  at  a  pressure  of  over  an  atmosphere 
develop  pneumonia  in  consequence  of  a  local  action  of  the  oxygen  on 
the  cells  lining  the  air  passages  and  alveoli,  and  death  may  ensue  after  a 
few  hours'  exposure.  The  pneumonia  was  observed  to  occur  even  at  a 
pressure  very  slightly  exceeding  that  of  the  atmosphere,  and  it  is  probable, 
therefore,  that  the  prolonged  breathing  of  pure  oxygen,  even  at  atmospheric 
pressure,  might  have  a  deleterious  action  on  the  lungs. 

The  exact  conditions  under  which  oxygen  may  advantageously  be  used 
for  therapeutic  purposes  do  not  appear  to  be  properly  understood  as  yet, 
but  a  few  remarks  on  the  subject  from  the  physiological  side  may  be  of 
service.  In  normal  respiration  the  haemoglobin  of  the  arterial  blood  is 
practically  saturated  with  oxygen :  hence  no  f  urthur  amount  of  oxygen 
is  taken  up  in  combination  with  the  haemoglobin  when  pure  oxygen  is 
breathed.  It  is  very  different,  however,  with  the  oxygen  in  simple  solu- 
tion in  the  blood,  for,  in  accordance  with  the  law  of  solution  of  gases  in 
liquids,  about  five  times  as  much  oxygen  is  taken  up  in  simple  solution 
from  an  atmosphere  of  pure  oxygen  as  from  air  at  the  same  pressure. 
In  a  man  breathing  air  there  is  in  arterial  blood  about  18 '5  per  cent, 
by  volume  of  oxygen  in  combination  with  hemoglobin,  and  0'6  per  cent, 
in  simple  solution.  When  pure  oxygen  is  breathed,  there  is  about  18'7  per 
cent,  in  combination  and  3  per  cent,  in  solution.  Thus  an  extra  2-6  per 
cent,  of  oxygen  goes  into  the  blood.  This  excess  is  doubtless  small,  but  it 
must  be  remembered  that  almost  the  whole  of  it  will  be  used  up  before  the 
combined  oxygen  is  drawn  upon,  and  that,  under  normal  conditions, 
probably  not  more  than  a  third  of  the  combined  oxygen  is  actually  used, 
since  average  venous  blood  contains  only  about  a  third  less  oxygen  than 
arterial  blood.  Even  in  asphyxia  the  venous  blood,  as  has  been  clearly 
shown  by  spectroscopic  examination  through  the  walls  of  a  vein,  contains 
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a  considerable  amount  of  oxygen.  Thus  it  may  be  said  that  by  breathing 
pure  oxygen  the  average  easily  available  oxygen  supply  to  the  tissues  is 
increased  by  about  40  per  cent.  To  the  brain  the  average  increase  is 
probably  about  70  per  cent.,  to  judge  from  Hill  and  Nabarro's  analyses  of 
the  cerebral  venous  blood. 

When  the  haemoglobin  is  deficient  in  amount,  or  has  been  partially 
rendered  incapable  of  carrying  oxygen  by  the  action  of  such  poisons  as 
carbonic  oxide,  nitrites,  dinitro-benzol,  etc.,  all  of  which  substances  cause 
death  by  their  action  on  the  hemoglobin,  the  oxygen  in  simple  solution  in 
the  blood  becomes  of  great  relative  importance,  and  Makgill,  Mavrogordato, 
and  myself  showed  that  an  animal  which  has  not  sufficient  haemoglobin 
left  to  support  life  in  air  will  continue  to  live  in  an  atmosphere  of  pure 
oxygen.  The  use  of  oxygen  for  therapeutic  purposes  is  thus  clearly 
indicated  in  cases  of  poisoning  by  substances  which  affect  the  haemoglobin, 
and  in  cases  where  a  patient  is  suffering  from  great  temporary  lack  of 
haemoglobin,  as  from  haemorrhage. 

Patients  suffering  from  the  effects  of  defective  circulation,  as  in  severe 
cardiac  disease,  may  also  be  benefited  by  breathing  oxygen ;  for  although 
the  haemoglobin  of  the  arterial  blood  is  probably  always  saturated  with 
oxygen  even  when  air  is  breathed,  yet  the  extra  oxygen  entering  the 
blood  in  simple  solution  on  breathing  oxygen  may  be  of  sufficient  import- 
ance to  the  patient  to  enable  him  to  survive  a  crisis  which  would  otherwise 
be  fatal.  The  following  striking  instance  has  been  recorded  by  Hale 
White.  An  empyema  formed  in  the  chest  of  a  boy  who  had  been  ill  for 
five  weeks  with  severe  typhoid  fever.  Two  hours  before  the  time  fixed 
for  operating  on  the  empyema,  it  ruptured  into  the  lung.  The  boy 
suddenly  became  intensely  livid,  and  in  two  minutes  seemed  at  death's 
door.  By  that  time  the  oxygen  had  arrived,  and  directly  he  breathed  it 
he  began  to  improve  most  strikingly,  and  he  was  enabled  to  survive  until 
a  knife  could  be  fetched  to  open  the  chest  and  let  the  pus  flow  out  of  the 
lung.  He  ultimately  recovered  completely. 

Oxygen  may  also  be  beneficial  in  cases  where  the  respirations  are  so 
shallow  that  when  air  is  breathed  sufficient  oxygen  does  not  enter  the 
alveoli  for  the  proper  aeration  of  the  blood.  This  condition  may  often 
be  observed  in  animals  under  the  influence  of  anaesthetics,  and  is  probably 
not  uncommon  in  various  conditions  of  disease  in  man. 

Finally,  it  seems  also  probable  that  in  pneumonia,  etc.,  aeration  of  the 
blood  may  be  defective  on  account  of  the  walls  of  the  diseased  alveoli 
being  less  permeable  than  usual  to  oxygen,  and  that  in  such  a  condition 
the  breathing  of  air  rich  in  oxygen  may  be  of  benefit.  It  must  be  re- 
membered that  not  only  may  thickening  and  exudation  mechanically  hinder 
the  passage  of  oxygen,  but  that  the  absorption  of  oxygen  by  the  lungs  is 
in  all  probability  an  active  physiological  process  in  part,  and  therefore 
dependent  on  a  normal  physiological  condition  of  the  alveolar  epithelium. 
All  who  have  watched  patients  who  are  livid  owing  to  pneumonia  or  other 
serious  disease,  must  have  noticed  that  the  lividity  may  disappear  when  the 
oxygen  is  inhaled,  that  the  patient  often  appears  brighter  and  better, — one 
patient  suffering  from  pneumonia  said  oxygen  was  like  champagne, — and 
that  even  in  fatal  cases  the  end  is  more  peaceful  and  less  distressing. 

When  it  is  desired  to  administer  oxygen  nearly  pure,  and  for  more 
than  a  short  time,  it  may  be  given  from  a  bag,  with  a  face-piece  provided 
with  valves  and  tubes  so  arranged  that  the  expired  oxygen  is  returned  to 
the  bag  through  a  vessel  filled  with  soda-lime,  to  absorb  the  carbonic  acid. 
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If  the  expired  oxygen  is  simply  allowed  to  escape,  about  twenty  times  as 
much  oxygen  must  be  used,  so  that  a  cylinder  containing  twenty  cubic  feet 
only  lasts  about  an  hour ;  still  it  is  often  used  clinically  in  this  extravagant 
way.  Care  must  of  course  be  taken  that  no  irritant  impurities,  such  as 
chlorine  or  ozone,  are  present  in  the  oxygen.  That  made  by  the  Brins' 
process  is  suitable,  the  only  impurity  being  nitrogen,  of  which  only  about 
3  per  cent  is  present  in  the  oxygen  supplied  by  the  London  Company. 

CAKBONIC  ACID. 

Pure  air  contains  on  an  average  almost  exactly  0'03  per  cent,  of 
carbonic  acid,  and  even  the  air  of  a  large  town  seldom  contains  more  than 
about  0%04  per  cent.,  although  in  foggy  weather  in  manufacturing  towns  or 
in  London  the  proportion  may  rise  much  higher,  and  amount  to  as  much 
as  0'15  per  cent,  during  a  thick  fog.  An  excess  of  carbonic  acid  in  air 
produces  no  noticeable  effects  until  the  proportion  rises  to  about  3  per 
cent.,  which  is  about  ten  times  more  than  is  met  with  even  in  a  badly 
ventilated  room.  At  about  3  per  cent,  the  respirations  become  notice- 
ably a  little  deeper,  and  may  be  slightly  more  frequent  than  usual.  With 
increasing  proportions  the  effect  on  the  breathing  rapidly  increases,  until 
at  about  5  or  6  per  cent,  there  is  marked  panting.  At  the  same  time 
the  pulse  becomes  more  full  and  increases  in  frequency.  The  face 
also  becomes  somewhat  flushed.  At  about  10  per  cent,  there  is  violent 
panting,  throbbing  of  the  arteries,  and  flushing  of  the  face.  Frontal 
headache  also  very  commonly  follows  the  breathing  of  air  containing  more 
than  5  or  6  per  cent,  of  carbonic  acid,  but  as  a  rule  the  headache  is  not 
felt  until  fresh  air  is  again  breathed.  At  about  10  per  cent.,  carbonic  acid 
begins  to  have  a  narcotic  effect,  and  in  animals  the  dyspnoea  is  less  marked. 
At  about  25  per  cent.,  death  may  occur  after  several  hours ;  but  as  much 
as  50  per  cent,  may  be  breathed  for  a  short  time  without  a  fatal  result. 

Nothing  appears  to  be  known  about  the  post-mortem  appearances  after 
death  from  carbonic  acid  poisoning,  and  such  deaths  must  be  exceedingly 
rare.  The  deaths  commonly  ascribed  to  carbonic  acid  poisoning  are  in 
almost  every  case  due  undoubtedly  to  deficiency  of  oxygen,  to  carbonic 
oxide,  or  to  sulphuretted  hydrogen.  Air  which  is  vitiated  by  carbonic  acid 
is,  if  dangerous  to  life,  almost  always  vitiated  to  a  far  more  serious  extent 
by  want  of  oxygen,  etc. 

Air  which  contains  any  serious  proportion  of  carbonic  acid  can  always 
be  at  once  recognised  by  its  effect  in  producing  panting,  and  by  the  feeling 
of  "  catching  of  the  breath  "  experienced  in  inhaling  it.  As  a  general  rule, 
air  vitiated  by  carbonic  acid  is  heavier  than  pure  air  and  lies  below  it,  but 
this  is  not  always  the  case,  as  the  increase  in  specific  gravity  due  to  the 
carbonic  acid  may  be  more  than  made  up  for  by  a  decrease  due  to 
deficiency  of  oxygen  or  presence  of  methane,  etc.  When  the  air  is  simply 
vitiated  by  carbonic  acid  and  nothing  else,  as  in  the  Grotto  del  Cane,  the 
effect  on  the  breathing  is  felt  long  before  the  point  at  which  a  light  is 
extinguished.  When,  however,  as  is  usually  the  case,  absorption  of  oxygen 
has  accompanied  the  formation  of  carbonic  acid,  this  is  not  so. 

CAKBONIC  OXIDE. 

Carbonic  oxide,  or  carbon  monoxide  (CO),  is  a  gas  of  considerable 
practical  importance,  on  account  of  its  poisonous  properties  and  the 
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frequency  with  which  it  causes  dangerous  or  fatal  effects.  It  is  pre- 
sent in  the  proportion  of  about  5  to  12  per  cent,  in  ordinary  coal  gas, 
and  of  about  30  per  cent,  in  carburetted  water  gas  (so  called  because  it  is 
made  by  passing  steam  over  heated  coke),  which  is  now  being  somewhat 
extensively  substituted  for  coal  gas  in  this  country.  In  the  United  States, 
where  carburetted  gas  has  already  been  entirely  substituted  for  coal  gas  in 
many  large  towns,  there  are  several  hundred  deaths  annually  from  escapes  of 
gas  in  bedrooms.  In  Boston,  for  instance,  about  1  out  of  every  200  deaths 
is  due  to  gas  poisoning.  Both  coal  gas  and  water  gas  consist  of  a  mixture 
of  different  gases,  but  there  is  not  the  slightest  doubt  that  carbonic  oxide  is 
the  poisonous  constituent.  Water  gas,  used  as  an  illuminant,  contains 
30  to  40  per  cent,  of  carbonic  oxide,  about  50  per  cent,  of  hydrogen,  and 
rather  more  than  10  per  cent,  of  various  volatile  hydrocarbons,  with  some 
nitrogen  and  other  gases  in  small  quantities.  Carbonic  oxide  is  also  the 
poisonous  constituent  of  the  "  after-damp "  of  mines,  and  is  the  cause  of 
nearly  all  the  deaths  in  colliery  explosions  and  underground  fires  in  mines. 
It  is  also  present  in  considerable  amount  in  the  products  of  combustion  of 
ordinary  fires  and  charcoal  stoves,  and  in  very  large  amount  in  the  gases 
from  blast  furnaces,  "  producer  gas,"  and  "  Dowson  gas  " ;  also  in  the  gas 
formed  in  the  explosion  of  gunpowder  and  gun  cotton. 

Carbonic  oxide  has  only  a  very  slight  odour,  which  is  not  perceptible 
when  the  gas  is  much  diluted.  Its  specific  gravity  is  nearly  the  same  as 
that  of  air.  When  inhaled  I  found  it  to  produce  symptoms  which  are 
identical  in  character  with  those  produced  by  want  of  oxygen.  The 
phenomena  observed  vary  considerably,  however,  according  to  the  per- 
centage inhaled  and  the  time  during  which  the  inhalation  is  continued. 

As  to  the  manner  in  which  carbonic  oxide  acts,  the  evidence  is  per- 
fectly clear.  Claude  Bernard  showed  that  it  forms  a  compound  with 
haemoglobin,  to  the  more  or  less  complete  exclusion  of  oxygen,  which  gas 
has  a  much  more  feeble  affinity  with  the  haemoglobin :  nevertheless  either 
gas,  if  in  excess,  can  turn  out  the  other.  When  blood  is  shaken  with  air 
containing  0'07  per  cent,  of  carbonic  oxide,  the  haemoglobin,  after  all  absorp- 
tion of  gas  has  ceased,  is  shared  equally  between  the  oxygen  and  carbonic 
oxide.  Thus,  as  there  is  nearly  21  per  cent,  of  oxygen  in  air,  the  affinity  of 
the  carbonic  oxide  for  haemoglobin  is  300  times  as  strong  as  its  affinity  for 
oxygen.  If  the  percentage  of  oxygen  or  carbonic  oxide  in  the  air  be 
altered,  there  is  an  exactly  corresponding  alteration  in  the  proportion 
in  which  the  two  gases  are  shared.  If  the  pressure  only  is  altered,  there 
is  no  alteration  in  this  proportion  ;  hence  the  action  of  carbonic  oxide  does 
not  vary  with  its  partial  pressure,  and  thus  it  does  not  follow  Bert's  law. 

When  blood  is  diluted  to  about  1  per  cent,  and  observed  in  ordinary 
test-tubes,  the  CO  haemoglobin  has  a  pink  colour,  quite  different  from  the 
yellow  of  oxyhiemoglobin.  This  test  for  carbonic  oxide  in  blood  is 
by  far  the  best  and  most  delicate,  and  by  it  the  percentage  saturation 
of  the  hieuioglobin  with  carbonic  oxide  may  be  determined  exactly  with  a 
standard  solution  of  carmine,  which  is  easily  prepared. 

In  the  living  body  the  final  proportion  to  which  the  haemoglobin  is 
saturated  with  carbonic  oxide  when  a  given  percentage  of  the  gas  is 
breathed,  is  considerably  less  than  when  blood  is  shaken  with  expired  air. 
This  fact  points  to  the  conclusion  that  the  partial  pressure  of  oxygen  in 
the  blood  leaving  the  lungs  is  higher  than  in  the  alveolar  air,  and  that  the 
absorption  of  oxygen  by  the  lungs  is  therefore  an  active  physiological 
process,  similar  to  the  secretion  of  oxygen  by  the  swimming  bladder  in 
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fishes.  Thus  in  man  the  saturation  of  the  hemoglobin  of  the  blood  was  only 
found  to  rise  to  about  33  per  cent,  when  air  containing  0-06  per  cent,  of 
carbonic  oxide  was  continuously  breathed,  whereas  outside  the  body  ha-mo- 
globin  shaken  with  air  of  the  composition  of  that  in  the  alveoli  of  the  lungs 
gives  60  per  cent,  saturation. 

For  the  same  individual,  and  under  the  same  conditions,  the  symptoms 
produced  by  inhaling  air  containing  carbonic  oxide  vary  according  to  the 
degree  of  saturation  with  carbonic  oxide  of  the  haemoglobin.  With  20  per 
cent,  saturation  the  only  symptom  is  a  slight  tendency  to  dizziness  and 
shortness  of  breath  on  exertion.  As  the  saturation  increases,  however,  the 
symptoms  of  want  of  oxygen  become  more  and  more  marked,  until  at  50 
per  cent,  saturation  it  is  scarcely  possible  to  stand,  and  the  slightest 
exertion  causes  temporary  loss  of  consciousness.  The  onset  of  the 
symptoms  is  very  insidious,  there  being  hardly  any  distress  or  dis- 
comfort, and  the  senses,  power  of  judgment,  and  movement  being  commonly 
much  impaired  before  the  person  is  aware  of  anything  being  wrong.  In 
some  cases  there  is  much  excitement ;  but  as  a  rule  there  is  simply  drowsi- 
ness and  stupidity.  The  symptoms  are  in  some  respects  similar  to  those 
produced  by  alcohol.  One  curious  fact,  of  much  practical  importance,  is 
that  sudden  exposure  to  cool  fresh  air  often  causes  loss  of  consciousness, 
and  sometimes  even  death.  There  can  also  be  no  doubt  that  death  is 
often  caused  by  muscular  exertion,  as  in  attempts  to  escape  up  ladders  or 
inclines  in  mines.  The  exertion  seems  to  hasten  failure  of  the  heart's 
action ;  and  in  those  who  have  recovered  after  making  considerable 
exertion  while  under  the  influence  of  carbonic  oxide,  there  are  often 
serious  cardiac  symptoms  for  long  afterwards,  due  probably  to  dilatation 
of  the  heart.  At  death  the  haemoglobin  is  usually  from  60  to  85 
per  cent,  saturated  with  carbonic  oxide.  When,  however,  death  has 
occurred  rapidly  in  air  containing  more  than  2  or  3  per  cent,  of  carbonic 
oxide,  the  venous  blood,  particularly  in  such  organs  as  the  spleen,  contains 
very  little  carbonic  oxide.  There  are  also  much  cyanosis  of  the  face  and 
distension  of  the  superficial  veins.  It  is  usually  possible  to  recognise  death 
from  carbonic  oxide  poisoning  by  the  red  colour  of  the  lips  and  other  parts. 
Sometimes,  however,  there  is  pallor,  and  in  all  doubtful  cases  the  colour 
of  the  diluted  blood  should  be  compared  with  that  of  normal  blood.  If 
the  blood  is  more  than  40  or  50  per  cent,  saturated,  the  presence  of 
carbonic  oxide  may  also  be  recognised  by  the  spectroscopic  test. 

That  the  symptoms  produced  by  carbonic  oxide  are  due  simply  to  a 
deficient  supply  of  oxygen  to  the  tissues,  in  consequence  of  the  haemoglobin 
being  put  out  of  action,  is  shown  by  the  fact  that  when  an  animal  is  placed 
in  oxygen  at  two  atmospheres  pressure,  so  that  enough  oxygen  goes  into 
simple  solution  in  the  blood  to  support  life  independently  of  the  haemo- 
globin, carbonic  oxide  can  now  be  forced  in  without  injury  to  the  animal. 
Even  a  partial  pressure  of  a  whole  atmosphere  of  carbonic  oxide  does  no  harm, 
since,  apart  from  its  action  on  the  haemoglobin,  carbonic  oxide  is  a  physio- 
logically indifferent  gas.  If,  however,  the  pressure  is  let  down  and  the 
animal  removed  to  air,  it  instantly  dies.  The  same  experiment  may  be 
employed  to  prove  that  animals  poisoned  by  sodium  or  amyl  nitrite, 
dinitro-benzol,  etc.,  which  all  act  markedly  on  the  haemoglobin,  die  from 
want  of  oxygen. 

In  recovery  from  carbonic   oxide   poisoning,   the   carbonic   oxide   is 
simply  given  off  from  the  lungs.     It  is  not  destroyed  to  any  appreciable 
extent  by  oxidation  within  the  body.     Recent  statements  to  the  contrary 
4 


5o  THE  ACTION  OF  GASES. 

are  erroneous.  The  blood  may  be  practically  free  of  carbonic  oxide  within 
three  hours  in  man,  or  in  a  fraction  of  this  time  in  small  animals.  Even 
in  man  it  is  probable  that  all  danger  from  the  state  of  the  blood  is  at  an  end 
within  an  hour,  unless  the  breathing  has  been  shallow.  Nevertheless, 
when  persons  have  been  for  long  unconscious  from  carbonic  oxide  poison- 
ing, they  often  do  not  recover,  or  do  so  only  slowly,  although  the  blood 
is  quite  normal.  The  tissues  have  been  seriously  damaged  through  want 
of  oxygen  during  the  period  of  exposure,  and  there  may  be  extensive  fatty 
degeneration.  A  variety  of  symptoms  are  noticed,  including  continued 
absence  of  consciousness,  or  great  mental  dulness,  a  spastic  condition  of 
the  limbs,  and  sometimes  a  series  of  epileptiform  seizures.  Occasionally 
there  is  mental  derangement  lasting  for  many  months.  As  a  rule,  even 
when  recovery  is  complete,  all  memory  of  the  events  immediately  preced- 
ing the  exposure  is  lost  for  some  days  or  weeks.  When  death  occurs 
within  two  or  three  days  of  carbonic  oxide  poisoning,  it  is  usually  due  to 
pneumonia,  the  cause  of  which  is  obscure.  In  fatal  cases  of  water-gas 
poisoning  the  blood  keeps  its  peculiar  rosy  colour,  although  putrefaction 
occurs  in  the  same  way  as  in  death  from  other  causes. 

As  regards  immediate  treatment,  the  patient  should  of  course  be 
removed  from  the  poisonous  atmosphere,  and  if  the  respirations  have 
ceased,  or  are  feeble,  artificial  respiration  should  be  at  once  applied.  Care 
should,  however,  be  taken  to  avoid  exposure  to  cold  air,  and  hot  bottles 
and  blankets  are  of  service.  If  the  pulse  is  feeble,  ether  or  alcohol  should  be 
injected.  If  a  supply  of  oxygen  is  at  hand,  the  patient  should  be  allowed 
to  breathe  it  freely  for  at  least  ten  minutes ;  and  sometimes  the  breathing 
of  oxygen  will  at  once  restore  consciousness.  The  oxygen  may  be  used  by 
simply  placing  the  tube  from  an  oxygen  cylinder  in  the  patient's  mouth, 
and  turning  on  a  good  stream  of  oxygen.  As  regards  further  treatment, 
careful  nursing  is  essential,  and  each  of  the  various  symptoms  which  may 
appear  must  be  watched  and  treated,  the  temperature  being  taken  at 
frequent  intervals,  as  serious  rise  of  temperature  is  very  common,  and  may 
indicate  the  presence  of  pneumonia. 

The  percentage  of  carbonic  oxide  which  is  fatal  to  men  or  warm- 
blooded animals  appears  to  vary  somewhat  in  individual  cases.  As 
little  as  0'16  per  cent,  occasionally  proves  fatal,  whereas  as  much 
as  04  per  cent,  may  not  cause  death  after  a  considerably  longer 
period.  In  general,  it  may  be  stated,  however,  that  anything  above  015 
per  cent,  is  dangerous,  and  that  as  much  as  04  per  cent,  will  nearly 
always  cause  death.  The  action  of  carbonic  oxide  is  slow  as  compared 
with  that  of  other  poisonous  gases.  In  man,  when  the  percentage  of 
carbonic  oxide  is  small,  one  to  three  hours  are  required  before  the 
maximum  proportion  of  carbonic  oxide  is  absorbed.  The  reason  for  this 
slow  action  is  that  time  is  necessary  for  sufficient  carbonic  oxide  to  be 
absorbed  to  saturate  the  haemoglobin  to  the  maximum  proportion  possible 
under  the  circumstances.  In  this  sense,  therefore,  the  action  of  carbonic 
oxide  may  be  said  to  be  cumulative.  On  the  other  hand,  once  the 
maximum  has  been  reached,  there  will  be  no  further  absorption,  however 
long  the  exposure  may  be. 

Carbonic  oxide  in  air  may  be  recognised  in  various  ways.  When  the 
percentage  is  dangerous  to  life,  the  best  method  is  to  take  a  very  small 
warm-blooded  animal,  such  as  a  mouse  or  small  bird,  into  the  suspected 
air,  and  watch  its  symptoms.  If  it  shows  signs  of  muscular  weakness,  etc., 
within  five  minutes,  carbonic  oxide  is  probably  present.  If  the  animal  be 
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killed  by  drowning  while  still  in  the  suspected  air,  the  blood  may  after- 
ward be  examined,  and  this  will  furnish  conclusive  evidence.  Even  should 
the  animal  show  no  symptoms,  the  presence  of  as  little  as  O'Ol  per  cent,  of 
carbonic  oxide  in  the  air  may  be  detected  by  examining  the  blood. 
The  mouse  will  be  affected  by  the  carbonic  oxide  in  about  a  twentieth  of 
the  time  required  to  affect  a  man ;  so  that  the  symptoms  of  the  animal 
may  be  watched  with  perfect  safety  for  a  few  minutes.  Carbonic  oxide  in 
a  sample  of  air  may  also  be  detected  by  shaking  the  air  for  a  few  minutes 
with  blood  diluted  to  about  0'5  per  cent.,  and  afterwards  observing  the 
colour.  The  sample  may  be  taken  in  an  ordinary  clean  and  dry  bottle, 
into  which  the  air  is  sucked  with  the  help  of  a  piece  of  rubber  tubing. 
This  method  may  easily  be  made  quantitative.  In  the  case  of  an 
ordinary  escape  of  coal  gas  or  carburetted  water  gas,  the  characteristic 
smell  of  gas  is  perceptible  long  before  there  is  any  risk  of  carbonic  oxide 
poisoning.  When,  however,  the  escape  is  from  a  broken  pipe  under- 
ground, the  gas  may  be  deprived  of  its  odour  by  the  earth,  and  the 
atmosphere  may  become  poisonous,  or  even  explosive,  before  any  distinct 
odour  is  perceptible.  Most  cases  of  fatal  gas  poisoning  occur,  however,  in 
the  night,  from  the  accidental  turning  on  of  a  tap  after  the  gas  has  been 
extinguished ;  and  the  odour  is  not  sufficient  to  wake  the  person  sleeping 
in  the  room. 

SULPHURETTED  HYDROGEN. 

Sulphuretted  hydrogen  is  chiefly  of  medical  interest  in  connection  with 
the  accidents  which  occur  from  its  occasional  presence  in  air,  particularly 
sewers,  gasworks,  and  certain  manufacturing  processes.  It  has  a  char- 
iteristic  odour  of  rotten  eggs,  and  may  easily  be  recognised  chemically  by 
its  action  in  blackening  lead,  paper,  and  other  objects. 

Its  effect  is  that  of  an  intense  poison,  acting  both  locally  as  an  irritant, 
and,  after  absorption  by  the  blood,  on  the  central  nervous  system  and  other 
parts.     With  very  small  proportions  of  sulphuretted  hydrogen  the  first 
symptoms  noticed  are  those  of  irritation  of  the  eyes  and  mucous  membrane 
of  the  air  passages.     The  action  on  the  eyes  may  only  produce  slight  dis- 
)mfort,  and  a  feeling  as  if  some  dust  were  present ;  and  indeed  symptoms 
evidently  due   to   a   trace   of   sulphuretted   hydrogen   have   often   been 
ittributed  to  dust  or  other  causes.     With  a  slightly  larger  amount  of 
sulphuretted  hydrogen  in  the  air,  a  form  of  conjunctivitis,  accompanied  by 
itense   pain,   particularly   during   the   next   night,   is   produced.      Men 
sngaged  in  removing  spent  lime  from  purifiers  in  gasworks  frequently 
suffer  in  this  manner.    Slight  bronchitis  may  accompany  the  conjunctivitis. 
rhen  as  much  as  0'05  per  cent,  of  the  gas  is  present,  in  addition  to  catch- 
ig  of  the  breath  and  other  signs  of  irritation,  alarming  symptoms,  such  as 
giddiness,  nausea,  are  quickly  produced  in  man.     With  0'07  per  cent,  death 
lay  be  produced  in  animals  after  an  exposure  of  about  an  hour.     With 
'2  per  cent,  dogs  and  cats  are  killed  within  one  and  a  half  minutes.     In 
3cidents   from   sulphuretted    hydrogen    the   men   affected    are   usually 
mdered  helpless  or  unconscious  with  great  suddenness;  and  often  one 
lan  after  another  is  struck  down  during  efforts  to  save  the  first  man 
iffected.     Thus,  in  one  case  investigated  by  the  writer,  five  men  lost  their 
lives  in  a  manhole  leading  to  a  sewer,  the  last  four  having  descended  one 
ifter  another  in  vain  attempts  at  rescue. 

The    action     of    sulphuretted    hydrogen    is    direct    on    the    tissues. 
Except  in  great  concentration,  it  causes  no  change  in  the  blood.     As  in 


52  THE  ACTION  OF  GASES. 

the  case  of  carbonic  oxide,  after-symptoms  of  a  most  formidable  nature 
follow  exposure  to  sulphuretted  hydrogen,  and  the  nervous  symptoms,  at 
least,  resemble  closely  those  following  carbonic  oxide  poisoning.  In 
addition  there  is  often  bronchitis  or  conjunctivitis.  There  appear  to  be  no 
characteristic  post-mortem  appearances,  but  death  from  sulphuretted 
hydrogen  may  usually  be  inferred  from  the  circumstances  of  the  case,  and 
the  blackening  of  silver  watches  or  coins  on  the  person  of  the  dead  man. 

NITRIC  PEROXIDE. 

Nitric  peroxide  (N02)  is  formed  whenever  nitric  oxide  (NO)  comes  in 
contact  with  air.  It  has  a  characteristic  smell  and  a  reddish  yellow  colour, 
which  render  its  recognition  quite  easy.  It  is  mentioned  here  because  it 
is  the  cause  of  a  good  many  fatal  or  dangerous  accidents  in  mines  and 
chemical  works. 

Nitric  peroxide  does  not  appear  to  be  more  poisonous  than  various 
other  irritant  gases ;  but  it  has  a  special  danger  of  its  own,  due  to  the  fact 
that  the  irritant  action  felt  at  the  time  when  a  person  is  exposed  to  it  is 
comparatively  slight  in  proportion  to  the  damage  really  done  to  the  air 
passages.  Hence  it  easily  happens  that  what  seems  only  a  slight  exposure 
has  a  very  dangerous  or  fatal  effect.  The  usual  history  is  that  for  some 
time  after  exposure  to  the  yellow  fumes,  very  little  is  felt.  After  a  few 
hours,  however,  a  very  acute  form  of  bronchitis  is  developed,  and  this  is 
often  rapidly  fatal. 

The  most  common  cause  of  accident  from  nitric  peroxide  is  the 
accidental  burning  in  mines  of  dynamite  or  other  nitroglycerin  or  gun 
cotton  explosives.  Although  these  substances,  when  detonated  in  the 
ordinary  way,  give  no  nitric  oxide,  yet  they  evolve  a  large  amount  when 
quietly  burnt ;  consequently  they  give  off  abundant  yellow  fumes  of 
nitric  peroxide.  Often  a  charge  detonates  imperfectly,  part  of  the 
explosive  burning.  Fatal  accidents  have  sometimes  occurred  in  labora- 
tories or  chemical  works  from  the  spilling  of  strong  yellow  nitric  acid,  or 
from  the  escape  of  nitric  oxide  into  the  air  in  various  other  ways. 

THE  AIR  OF  ROOMS. 

The  air  of  ordinary  rooms  may  be  altered  in  composition  from 
various  causes,  of  which  the  chief  are  the  presence  of  human  beings 
and  of  lights,  and  the  escape  of  lighting  gas.  For  a  proper  understand- 
ing of  the  alterations  produced  by  any  of  these  causes  it  is  necessary 
to  consider,  first,  the  manner  in  which  the  air  of  a  room  is  constantly 
being  renewed  by  ventilation.  The  case  of  a  bedroom  of  which  the 
door,  window,  and  fireplace  (if  there  is  any)  are  closed,  may  first  be  dis- 
cussed. In  such  a  room,  notwithstanding  the  absence  of  any  opening, 
there  is  still,  as  was  clearly  shown  by  Pettenkofer,  considerable  ventilation 
through  the  walls,  floor,  and  roof;  and  this  is  the  case  even  after  all 
chinks  and  cracks  have  been  carefully  closed.  By  allowing  candles 
producing  a  known  amount  of  carbonic  acid  per  hour  to  burn  in  a  room, 
and  by  determining  the  carbonic  acid  in  the  air  at  intervals,  it  is  possible 
to  ascertain  with  great  precision  the  rate  of  exchange  of  air  in  a  room. 
A  series  of  experiments  of  this  kind  recently  made  by  the  writer  show 
that  in  a  room  of  1000  cubic  ft.  capacity,  with  all  openings  closed,  an 
amount  of  fresh  air  equal  to  the  capacity  of  the  room  enters  about  once 
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ill  two  hours,  even  under  the  most  unfavourable  conditions  of  weather. 
With  the  chimney  opening  not  closed,  this  amount  of  ventilation  is  about 
doubled,  although  under  certain  circumstances,  particularly  on  the  ground 
floor  of  a  house,  the  draught  may  be  down  the  chimney,  which  produces 
an  objectionable  odour  of  stale  smoke  in  the  room.  With  a  fire  burning, 
or  the  chimney  still  warm,  the  ventilation  is  much  greater,  and  the  air 
may  be  changed  as  much  as  five  or  six  times  per  hour.  On  a  breezy  day, 
even  with  all  windows  closed,  the  air  will  be  changed  at  least  once  an 
hour.  The  size  of  the  room  makes  a  very  considerable  difference  as 
regards  the  relative  rate  of  change  of  air  through  the  walls.  Eoughly 
speaking,  the  extent  of  surface  of  walls  increases  only  as  the  square  of  the 
mean  diameter  of  a  room,  while  the  capacity  increases  as  the  cube.  In 
consequence  of  this  fact  the  time  required  to  change  the  air  of  a  room 
by  natural  ventilation  through  the  walls  increases  with  the  size  of  a 
room,  and  in  large  rooms  special  means  of  ventilation  become  desirable, 
even  although  the  air  space  per  person  present  in  the  room  remains  the 
same  as  in  a  small  room.  In  a  large  hall  of  500,000  cubic  ft.  capacity,  the 
rate  of  change  of  the  air  through  the  walls  is  only  about  a  tenth  of  that 
in  a  small  bedroom  of  5000  cubic  ft. 

An  adult  person  present  in  a  room  produces  about  half  a  cubic  foot  of 
carbonic  acid,  and  absorbs  a  slightly  greater  amount  of  oxygen,  every  hour. 
Hence  even  in  a  bedroom  of  1000  cubic  ft.  capacity,  with  all  openings 
closed,  and  in  still  weather,  the  extra  amount  of  carbonic  acid  in  the  air 
will  not  rise  above  0*1  per  cent,  when  only  one  person  is  present,  or  0'2  per 
cent,  with  two  persons  present.  In  large  public  rooms,  however,  this  pro- 
portion is  often  exceeded  when  there  are  no  proper  means  of  ventilation, 
and  0'5  per  cent.,  or  even  more,  is  not  uncommon. 

When  the  ventilation  of  a  room  in  which  persons  are  present  is 
inadequate,  considerable  discomfort  is  caused,  and  nausea,  headache,  and 
faintness  are  experienced  by  many  persons.  These  symptoms  evidently 
cannot  be  attributed  either  to  the  carbonic  acid  or  to  the  deficiency  of 
oxygen  in  the  air.  It  has  been  supposed,  however,  that  they  are  caused 
by  poisonous  organic  matter  given  off  in  respiration,  and  various  ex- 
periments have  been  brought  forward  in  support  of  this  supposition. 
There  can,  however,  be  no  doubt  that  these  experiments  are  altogether 
fallacious.  When  air  vitiated  to  a  gradually  increasing  extent  simply 
by  respiration  is  breathed,  no  distinct  effect  is  produced  until  about  3 
per  cent,  of  carbonic  acid  is  present,  at  which  point  the  symptoms  due  to 
carbonic  acid  begin  to  appear,  and  continue  to  increase  in  urgency  until 
at  last  the  lack  of  oxygen  also  begins  to  tell.  Animals  left  in  a  closed 
space  finally  die  of  want  of  oxygen.  At  no  point  are  there  any  symptoms 
which  can  be  attributed  to  an  organic  substance  in  the  air.  The  condensed 
water  from  the  breath  is  also  non-poisonous,  and  if  not  contaminated  by 
saliva,  produces,  when  injected  into  an  animal,  only  such  symptoms  as 
would  also  be  produced  by  ordinary  distilled  water. 

To  what,  then,  can  the  headaches  and  other  symptoms,  which  are  un- 
doubtedly caused  by  crowded  and  ill-ventilated  rooms,  be  attributed  ?  It 
would  seem  that  there  is  in  reality  more  than  one  cause.  In  a  crowded 
room,  with  the  air  nearly  saturated  with  moisture,  loss  of  heat  by  radiation, 
conduction,  and  evaporation  are  all  seriously  diminished,  and  experiment 
has  shown  that  with  a  given  degree  of  vitiation  of  the  air  much  less  dis- 
comfort is  caused  if  the  room  is  cool  than  if  it  is  warm.  Hence  one  cause 
of  discomfort  is  the  heat.  Another  cause  is  certainly  the  unpleasant  smell. 


54  THE  ACTION  OF  GASES. 

Even  a  very  slight  unpleasant  smell,  whether  arising  from  the  skin 
or  clothes  of  persons  in  the  room,  or  from  drains,  slight  escapes  of  coal 
gas,  fusty  furniture,  or  other  causes,  will  produce  nausea,  headache,  and 
faintness  in  many  persons ;  and  it  would  seem  that  even  sore  throats  are 
caused  by  prolonged  exposure  to  certain  smells,  such  as  those  due 
either  to  coal  gas  or  to  putrefaction.  There  is  no  reason  to  believe  that 
the  effects  caused  by  evil-smelling  air  are  produced  in  any  other  way 
than  reflexly  through  the  olfactory  nerves.  The  amount  of  coal  gas,  for 
instance,  which  is  sufficient  to  render  a  room  almost  intolerable  to  some 
persons,  is  far  too  minute  to  cause  any  symptom  of  poisoning  by  carbonic 
oxide.  As  a  general  rule,  the  air  of  a  room  in  which  there  is  more  than 
O'l  per  cent,  of  carbonic  acid  is  unpleasant. 

An  ordinary  gas  burner  burns  about  10  cubic  ft.  of  gas  per  hour, 
producing  about  5  ft.  of  carbonic  acid  and  absorbing  about  10  ft.  of 
oxygen,  or  nearly  as  much  as  twenty  persons.  In  many  towns  the 
corporations  or  companies  supplying  the  gas  employ  quite  inadequate 
methods  of  purification  from  sulphur  compounds,  with  the  result  that 
the  air  in  a  room  where  gas  is  burning  easily  becomes  unpleasant  as  well 
as  destructive  to  furniture  from  the  presence  of  traces  of  sulphurous  and 
sulphuric  acid. 

The  accident  of  leaving  a  gas  tap  turned  on  in  a  bedroom  after  the  gas 
has  been  extinguished  is  by  no  means  uncommon.  When  this  occurs,  not 
more  than  about  2  per  cent,  of  gas  is  likely  to  accumulate  in  the  air,  even 
in  a  tightly-closed  room.  Such  a  proportion  is  not  explosive,  and  with 
ordinary  coal  gas,  containing  about  7  per  cent,  of  carbonic  oxide,  any  fatal 
result  from  carbonic  oxide  poisoning  is  very  improbable,  although  death 
occasionally  occurs.  When,  however,  carburetted  water  gas  is  distributed 
instead  of  coal  gas,  the  circumstances  are  very  different,  since  2  per  cent,  of 
carburetted  water  gas  would  mean  0'6  per  cent,  of  carbonic  oxide,  a  pro- 
portion certain  to  cause  death  within  a  very  short  time.  It  appears  that, 
roughly  speaking,  about  a  hundred  times  as  many  deaths  from  gas  poison- 
ing occur  with  carburetted  water  gas  as  with  coal  gas.  Nevertheless  the 
former  is  at  present  used  in  many  American  towns,  where  its  cost  is  less 
than  that  of  coal  gas.  The  death-rate  from  gas  poisoning  alone  in  these 
towns  exceeds  the  death-rate  from  poisoning  of  every  kind,  whether 
suicidal  or  accidental,  in  this  country. 

THE  AIR  OF  MINES. 

In  a  mine  the  air  may  be  vitiated  from  a  variety  of  causes,  vary- 
ing in  relative  importance  according  to  the  kind  of  mine.  In  all  mines 
there  is,  or  ought  to  be,  a  regular  system  of  ventilation,  the  air  descend- 
ing by  one  shaft,  known  as  the  downcast,  proceeding  from  this  along 
various  passages  in  the  mine  to  the  points  at  which  the  mineral  is 
being  obtained,  and  thence  along  a  further  series  of  passages  to  another 
shaft,  the  upcast,  which  conducts  the  vitiated  air  to  the  surface.  The 
air  current  is  produced  either  in  consequence  of  natural  heating  of  the 
air  in  the  mine,  the  temperature  of  which  is  nearly  always  above  that  of 
the  surface,  or  by  means  of  a  furnace  at  the  bottom  of  the  upcast,  or  by 
a  centrifugal  fan  at  the  top  of  the  upcast. 

The  air  of  all  mines,  and  of  many  wells,  is  constantly  being  vitiated  by 
oxidation  processes  occurring  in  the  strata.  Material  such  as  iron  pyrites 
(FeS2)  or  ferrous  carbonate  absorbs  oxygen  when  exposed  to  air,  and 
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causes  at  the  same  time  an  evolution  of  carbonic  acid.  Thus  iron  pyrites, 
which  is  probably  the  main  source  of  the  "  black-damp  "  of  mines,  oxidises 
to  sulphate  of  iron  and  sulphuric  acid,  and  this,  when  it  comes  into  contact 
with  carbonate  of  lime,  evolves  carbonic  acid.  The  process  is  represented 
by  the  following  equation : — 

4FeS2+ 1502  +  8CaC03  =  2Fe203  +  8CaS04  +  8CO2. 

Air  vitiated  by  slow  oxidation  to  such  an  extent  that  it  extinguishes 
a  light  is  known  to  miners  and  well-sinkers  as  "  black-damp  "  or  "  choke- 
damp."  Pure  black-damp,  i.e.  air  so  vitiated  that  no  oxygen  is  left,  is  a 
mixture  of  85  to  95  per  cent,  of  nitrogen  and  15  to  5  per  cent,  of  carbonic 
acid.  It  is  a  mistake  to  identify  "  choke-damp "  with  carbonic  acid,  as 
was  done  until  lately. 

In  coal  mines  the  amount  of  black-damp  always  being  formed  is 
enormous,  2000  to  5000  cubic  ft.  a  minute  of  pure  black-damp  being  a 
common  quantity  in  a  large  mine.  This  represents  a  great  deal  of  oxida- 
tion and  heat  formation  in  the  mine ;  and  in  some  districts  spontaneous 
fires  in  coal  are  very  common.  Other  sources  of  oxidation,  such  as  respira- 
tion and  the  burning  of  lights,  sink  into  insignificance  in  a  coal  mine  in 
comparison  with  the  spontaneous  oxidation  of  iron  pyrites  and  other  sub- 
stances in  the  coal. 

In  wells  the  formation  of  black-damp  is  specially  dangerous,  and  for 
the  following  reason.  As  the  oxidation  occurs,  not  in  the  well  itself,  but 
in  the  strata  round  it,  choke-damp  is  only  given  off  into  the  well  when 
the  barometer  is  falling.  When  it  is  rising,  fresh  air  is  passing  down  the 
well  and  out  into  the  pores  of  the  strata.  A  well-sinker,  before  first 
descending  into  a  well,  will  almost  always  test  the  air  by  lowering  a 
candle ;  but  if  he  finds  that  the  air  is  good  he  will  often  descend  a  second 
time  on  the  same  day  without  testing.  If,  meanwhile,  the  barometer  has 
begun  to  fall,  the  well  may,  however,  now  be  full  of  choke-damp ;  and  if  so, 
he  will  lose  consciousness  on  the  ladder,  and  be  fatally  injured  or  drowned 
if  he  is  not  suffocated  by  the  gas. 

Black-damp  can  always  be  recognised  by  its  effects  on  lamps.  A  small 
amount  does  not  appear  to  be  in  any  way  injurious  to  the  health  of  miners, 
and  accidents  from  it  are  less  frequent  in  mines  than  in  wells,  as  a  miner 
always  has  a  light  with  him. 

Besides  black-damp,  fire-damp,  or  methane  (CH4),  is  present  in  the  air 
of  many  if  not  all  coal  mines.  This  gas  is  given  off  by  the  coal,  and  can 
easily  be  recognised  by  the  "  cap  "  of  pale  flame  which,  when  more  than  2 
per  cent,  of  it  is  present,  appears  on  the  top  of  the  ordinary  flame  of  a  lamp. 
It  is  explosive  when  more  than  6  per  cent,  is  present,  but  has  no  action 
on  men  unless  when  present  in  such  large  quantities  that  it  acts  by 
diluting  the  oxygen  of  the  air. 

When  an  explosion  occurs  in  a  coal  mine,  there  is  left  along  the  track 
of  the  flame  a  mixture  of  gases  which  appears  to  contain  sufficient  oxygen 
to  support  life,  but  which  unfortunately  also  contains  carbonic  oxide ;  and 
the  presence  of  the  latter  gas  is  the  immediate  cause  of  nearly  all  the 
deaths,  although  probably  about  a  fourth  of  those  who  perish  have  received 
burns  or  other  injuries  sufficient  in  the  end  to  prove  fatal.  All  the  great 
colliery  explosions  are  due,  not  to  fire-damp,  but  to  coal  dust,  although 
often  enough  a  small  explosion  of  fire-damp  starts  the  dust  explosion. 
That  the  explosion  is  due  to  dust  is  shown  by  the  fact  that  its  track  is 
usually  along  the  intake  roads,  where  there  is  not  even  a  trace  of  fire- 
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damp,  but  where  there  is  much  dry  and  very  fine  dust.  The  presence  of 
the  dust  is  due  to  the  fact  that  these  roads  are  used  for  bringing  out  the 
coal.  The  explosion  is  often  started  by  blasting,  dust  blown  into  the  air 
being  ignited,  and  the  explosion  thus  propagating  itself  with  a  cloud  of 
dust  in  front  of  it  along  the  roads  of  the  mine,  sometimes  for  several 
miles.  As  there  is  more  dust  in  the  air  than  can  be  completely  burnt  by 
the  oxygen,  carbonic  oxide  is  formed.  In  many  parts,  however,  there  i& 
probably  so  much  dust  that  ignition  cannqt  occur  at  all,  so  that  the  "  after- 
damp "  contains  plenty  of  oxygen.  The  bodies  of  even  those  found  lying 
along  the  track  of  the  explosion  do  not  present  the  appearances  of  asphyxia 
from  want  of  oxygen,  but  of  more  gradual  death  from  carbonic  oxide 
poisoning. 

Some  of  the  most  disastrous  accidents  in  mines  are  due,  not  to 
explosions,  but  to  underground  fires.  The  products  of  combustion  always 
contain  a  large  proportion  of  carbonic  oxide,  and  this  is  the  cause  of  the 
death  of  the  men. 

The  gases  from  explosives  sometimes  also  cause  accidents  in  metalli- 
ferous mines,  and  particularly  in  gold  mines,  where,  owing  to  the  absence 
of  fire-damp,  the  means  of  ventilation  are  often  very  deficient.  The  worst 
of  these  accidents  have  been  caused  by  nitric  peroxide  formed  by  the 
accidental  ignition  of  a  quantity  of  dynamite. 

THE  AIR  OF  SEWERS. 

In  an  ordinary  well-laid  sewer,  the  air,  in  spite  of  its  distinctive  smell, 
differs  very  little  in  composition  from  fresh  air.  There  is  usually  not  more 
than  about  0'2  per  cent,  of  carbonic  acid,  with  a  corresponding  deficiency 
of  oxygen.  There  is  no  sulphuretted  hydrogen,  and  such  micro-organisms 
as  are  present  in  the  air  have  come  in  by  the  street  ventilators,  excepting 
at  places  where  there  is  violent  splashing  of  the  sewage.  In  passing  along 
a  sewer,  it  may  often  be  noticed  that  the  worst  of  the  smell  proceeds  from 
foul  house  drains,  where  the  sewage  has  had  time  to  putrefy  in  defective 
traps  or  grease  boxes. 

When  a  sewer  is  badly  laid,  or  from  any  cause  there  is  stagnation  of 
the  sewage,  the  smell  is  much  worse,  and  sulphuretted  hydrogen  appears 
in  the  air,  so  that  not  only  does  the  smell  at  the  street  ventilators  cause  a 
nuisance,  but  there  is  much  risk  to  men  entering  the  sewer.  Nearly 
all  the  accidents  from  sewer  gas  appear  to  be  caused  by  sulphuretted 
hydrogen  evolved  from  stagnating  sewage.  A  candle  or  lamp  gives  no 
warning  of  the  danger,  since  less  than  O'l  per  cent,  is  enough  to  render 
the  air  poisonous. 

THE  AIR  OF  EAILAVAY  TUNNELS. 

The  air  of  railway  tunnels  is  often  very  foul,  and  in  Italy,  in  single- 
line  tunnels  in  the  Apennines,  serious  accidents  have  occurred  in 
consequence  of  the  drivers  being  rendered  unconscious  by  the  bad 
air.  In  this  country  the  worst  air  appears  to  be  met  with  in  the 
tunnels  and  stations  of  the  Metropolitan  and  District  Eailways  in 
London,  along  certain  sections  of  which  no  proper  means  of  ventilation 
are  provided,  in  spite  of  the  fact  that  the  discomfort  thus  caused  is  so  great 
as  to  prevent  a  large  section  of  the  public  from  using  these  railways  at  all. 
At  the  parts  where  the  air  is  worst,  its  most  prominent  effect  is  to  cause 
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irritation  of  the  air  passages  and  eyes,  accompanied  often  by  coughing  and 
sneezing.  These  effects  are  evidently  due  to  sulphurous  and  sulphuric  acids, 
of  the  former  of  which  the  air  smells  and  tastes  strongly.  Sulphurous 
acid,  even  in  very  small  proportions,  is  an  extremely  irritating  gas,  as 
little  as  O'OOl  per  cent,  causing  extreme  discomfort  to  persons  unaccustomed 
to  it,  and  01  per  cent,  being  sufficient  to  cause  death  in  animals.  Besides 
sulphurous  acid  the  air  contains  carbonic  oxide,  and  it  is  probably  this  gas 
which  occasionally  renders  the  drivers  unconscious  in  the  Italian  tunnels 
just  mentioned.  The  analyses  of  the  writer  showed  that  the  air  in  the 
worst  ventilated  stations  and  tunnels  on  the  Metropolitan  Eailway 
commonly  contain  0'5  to  O'S  per  cent,  of  carbonic  acid,  the  deficiency  in 
oxygen  being  about  a  fifth  greater ;  also  that  there  is  about  one  part  of 
carbonic  oxide  for  every  12  of  carbonic  acid,  and  one  of  sulphurous  acid 
for  every  200  parts  of  carbonic  acid.  The  percentage  of  carbonic  oxide 
found  in  one  sample  taken  from  the  centre  of  Gower  Street  Station  was 
iust  about  sufficient  to  half  saturate  blood  shaken  with  it. 
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THE  PRACTICAL  APPLICATION  OF  ANESTHETICS. 

No  other  therapeutic  agents  give  such  certain  and  controllable  results 
as  amesthetics.  Anesthesia  is  produced  in  practice  at  the  present  time 
in  two  ways :  locally,  by  abolishing  the  functions  of  the  sensory  nerve- 
endings,  and  generally,  by  abolishing  cerebral  perception.  For  the  large 
majority  of  surgical  purposes  general  anaesthesia  is  desirable,  as  in  this 
state,  besides  insensibility,  unconsciousness  and  absence  of  movement  are 
attained ;  while  the  patient  is  also  largely  protected  from  the  effects  of 
shock. 

GENERAL  AN/ESTHESIA. 

General  anesthetics  are  administered  by  inhalation:  the  most  rapid 
method  of  obtaining  the  effects  of  a  drug  on  the  nervous  system,  and  the 
method  by  which  the  most  rapid  elimination  of  the  drug  is  provided.  If 
two  or  three  consecutive  inhalations  of  nitrous  oxide  gas  (for  example)  are 
taken,  the  effect  is  perceived  subjectively  in  about  fifteen  seconds ;  and  it 
passes  away  as  rapidly.  Many  substances  inhaled  in  the  form  of  vapour 
produce  anaesthetic  sleep.  Those  at  present  in  practical  use  are  chloro- 
form, ether,  and  nitrous  oxide  gas,  with  their  mixtures.  Although  the 
purely  physiological  effects  of  these  are  described  elsewhere  in  this  volume 
(see  p.  90),  it  seems  desirable,  before  dealing  in  detail  with  their  practical 
use,  to  consider  briefly  from  the  clinical  standpoint  the  general  nature  of 
the  effects  produced  by  their  inhalation. 

Natural  sleep  differs  mainly  from  artificial  anaesthetic  sleep  in  degree ; 
but  the  latter  is  preceded  by  a  state  in  which  the  functions  of  the  nerve 
centres  are  exalted  and  disturbed.  In  natural  sleep  the  subject  is 
more  or  less  anaesthetised  as  the  sleep  is  deeper  or  lighter.  If  it  is 
profound,  his  reflexes  are  less  easily  excited  than  when  it  is  light.  In 
the  sleep  produced  by  narcotics,  given  otherwise  than  by  inhalation,  this 
dulling  of  reflexes  is  seen  to  a  greater  degree.  During  that  depth  of 
anaesthetic  sleep  which  experience  has  shown  to  be  desirable  for  the  proper 
performance  of  surgical  operations,  the  patient  is  in  profound  slumber : 
his  skeletal  muscles  are  relaxed,  and  many  of  his  reflexes  are  abolished, 
while  others  are  sluggish,  imperfect  in  their  action,  and  have  increased 
latent  periods.  His  circulation  and  respiration  proceed,  on  the  other 
hand,  in  the  absence  of  accidental  interference,  with  unimpaired  regularity. 
Such  a  narcosis  as  this  can  only  be  safely  obtained  by  inhalation,  for  by 
increasing,  diminishing,  or  ceasing  the  administration  the  anaesthetist  is 
able  from  moment  to  moment  to  keep  the  patient  under  the  influence  of 
the  drug  to  the  required  degree.  A  testimony  to  the  analogy  between 
anaesthetic  and  natural  sleep  may  be  found  in  the  difficulty  of  predicting 
how  readily  the  patient  will  awaken  in  response  to  a  painful  stimulus,  in 
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slight  degrees  of  sleep  produced,  particularly  in  children,  by  chloroform 
slowly  given,  and  by  mixtures  of  nitrous  oxide  and  oxygen.  The  patient 
may  be  relaxed,  his  conjunctival  reflex  may  be  apparently  abolished,  yet 
he  will  cry  out  and  move  when  the  operation  begins,  even  regaining 
some  measure  of  consciousness.  Further,  when  a  patient  is  properly 
anaesthetised,  a  fact  often  observable  at  the  beginning  of  the  operation  is 
that  the  corneal  reflex,  which  a  moment  before  was  absent  or  very  sluggish 
in  action,  becomes  quite  active  directly  the  incision  is  made. 

Three  principal  stages  in  the  effects  of  general  anaesthetics  are  recog- 
nised. The  first  stage  includes  the  patient's  subjective  experiences  and 
ends  with  loss  of  consciousness ;  the  second  is  the  dream  stage,  or  stage 
of  excitement ;  and  the  third  is  that  of  deep  sleep,  or  surgical  anaesthesia. 

The  continuous  inhalation  of  an  anaesthetic  first  affects  the  highest 
centres.  Their  functions  are  rapidly  disturbed,  and  the  patient  soon 
becomes  unconscious.  Loss  of  consciousness  is  followed  by  a  vivid  dream, 
the  recollection  of  which  is,  however,  lost  if  the  succeeding  state  of  narcosis 
is  profound.  During  this  dream  state  the  patient  may  show  considerable 
excitement;  he  may  perform  co-ordinated  movements, — shout,  struggle, 
strain,  and  hold  his  breath ;  and  this  behaviour  may  considerably  interfere 
with  respiration  and  circulation.  On  proceeding  with  the  administration, 
the  patient  presently  becomes  more  quiet,  and  perception  and  conscious- 
ness are  soon  completely  abolished.  Even  at  this  stage  a  very  strong 
stimulus  may  bring  him  back  into  the  dream  stage,  or  stage  of  excitement. 
At  this  depth  of  narcosis  the  lower  centres,  both  at  the  base  of  the  brain 
and  in  the  spinal  cord,  have  become  affected.  This  is  obvious  by  changes 
in  the  degrees  of  excitability  of  the  various  reflex  acts.  As  the  patient's 
muscles  become  relaxed  and  his  reflexes  sluggish  or  abolished,  he  reaches 
the  depth  of  sleep  that  is  necessary  for  surgical  purposes.  At  this  depth 
the  vital  centres  are  still  unaffected,  but  circulation  and  respiration  pro- 
ceed under  altered  conditions ;  for  while  the  former  is  but  little  affected 
by  external  stimuli,  the  latter  has  become  liable  to  accidental  impairment 
from  many  causes  incidental  to  the  narcosis.  If  we  consider  an  overdose 
of  the  anaesthetic  to  be  that  quantity  which  will  prejudicially  affect  the 
vital  centres,  then  it  appears  that,  by  keeping  some  reflex  excitability 
present  in  the  patient,  we  may  be  sure  that  such  a  dose  has  not  been 
given.  In  practice  this  is  indeed  our  chief  safeguard.  Further,  the  degree 
of  narcosis  suitable  to  any  case  can  only  be  attained  and  maintained  by 
carefully  observing  the  condition  of  the  reflexes  and  acting  promptly  upon 
the  information  thus  gained.  To  regulate  the  degree  of  anaesthetic  sleep 
with  nice  precision  is  not  such  a  simple  matter  as  might  at  first  sight 
appear,  for  the  relative  activity  of  the  different  reflexes  often  varies  in 
the  course  of  a  single  administration,  and  in  different  patients  these 
variations  are  still  greater.  The  attainment  of  the  best  results  depends 
upon  the  experience  that  has  been  acquired  by  the  administrator.  Never- 
theless, a  fairly  reasonable  degree  of  safety  in  the  administration  of 
anesthetics  can  be  readily  acquired. 

By  constant  and  careful  observation  of  all  the  symptoms  displayed  by 
the  patient,  we  can  judge  of  the  effects  produced  at  each  moment  and  act 
accordingly.  Not  only  is  the  patient  thus  provided  with  no  smaller  and 
no  larger  a  dose  than  is  required,  but  the  many  accidental  difficulties  and 
dangers  which  may  complicate  anaesthesia  are  foreseen,  prevented,  or 
treated  at  early  stages  of  their  development. 

Briefly,  the  essentials  for  the  safe  administration  of  an  anaesthetic,  in 
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the  order  of  their  importance,  are: — (1)  To  keep  vigilant  watch  upon  the 
respiration  and  to  insure  its  efficiency.  This  is  the  first  and  last  duty 
of  the  anaesthetist.  (2)  To  observe  the  reflexes  for  information  as  to  the 
depth  of  auiesthetic  sleep,  and  to  give  more  or  less  of  the  drug  as  the 
narcosis  becomes  too  light  or  too  profound ;  always  remembering  that 
some  evidence  of  reflex  action  must  be  obtainable  to  insure  the  avoidance 
of  an  overdose.  (3)  To  watch  the  effects  of  the  operation  upon  the 
circulation,  as  shown  by  the  colour  and  pulse.  This  is  especially 
necessary  when  surgical  shock  is  present,  or  when  the  patient  is  likely 
to  lose  much  blood  or  to  be  exhausted  by  the  duration  of  the  operation. 
(4)  To  notice  any  changes  in  the  pulse  and  colour  apart  from  the  effects 
of  the  operation. 

The  following  is  a  classification  of  the  symptoms  which  are  of  practical 
value  in  enabling  an  opinion  to  be  formed  of  the  degree  of  narcosis 
present  in  the  patient: — (1)  The  mode  of  performance  of  the  reflex  act 
of  respiration,  particularly  as  regards  its  rate,  rhythm,  and  amplitude ; 
whether  stertor  due  to  relaxation  of  structures  be  present ;  whether  the 
breathing  is  quiet  or  almost  inaudible.  (2)  The  condition  of  excitability 
of  the  following  reflexes  connected  with  or  modifying  respiration  :  retching, 
vomiting,  swallowing,  coughing,  holding  the  breath,  straining,  interrupted 
expiration,  phonation,  and  stertor  due  to  muscular  contraction.  (3)  The 
condition  of  the  eye  reflexes :  lid  reflex,  nystagmus,  light  reflex,  and  reflex 
dilatation  of  the  pupil.  (4)  The  degree  of  relaxation  of  the  muscular 
system.  (5)  The  degree  to  which  the  circulation  is  capable  of  being 
reflexly  interfered  with.  (6)  Toxic  dilatation  of  the  pupil. 

The  condition  of  many  of  the  above-mentioned  reflexes  is  apparent 
throughout  the  administration,  because  the  contact  of  the  anaesthetic 
vapour  with  the  mucous  membrane  of  the  air  channels,  the  presence  of 
mucus,  or  the  operative  procedure  serves  to  excite  them  when  their  action 
is  not  abolished.  Others  can  be  tested  by  the  anaesthetist  from  time  to 
time.  More  detailed  references  to  the  significance  of  particular  reflexes 
will  be  found  under  the  various  methods ;  but  the  operation  and  the 
patient's  condition  of  health  are  factors  of  special  importance  in  certain 
cases  to  which  allusion  may  be  here  made. 

A  deep  narcosis  is  necessary  in  rectal,  urethral,  bladder  and  kidney 
operations ;  when  extensive  skin  incisions  are  being  made ;  in  operations 
on  large  joints ;  in  dilatation  of  the  cervix  uteri ;  and  when  the  pedicle  in 
ovariotomy,  the  spermatic  cord,  and  the  optic  nerve  are  being  manipulated 
or  divided.  As  shallow  a  degree  of  narcosis  as  is  possible  should  be  aimed 
at  in  any  operation  interfering  with  the  respiration.  Operations  upon  the 
thyroid  and  for  empyema  are  instances.  Anaesthesia  during  normal  labour 
and  in  operations  on  the  brain  should  generally  be  light.  The  following 
reflexes  are  often  of  special  value  as  guides  in  certain  cases ;  and  in  each 
instance  should,  when  possible,  be  just  abolished: — contraction  of  the 
bladder  when  distended  in  lithotrity,  rigidity  of  the  abdominal  walls  in 
most  abdominal  operations,  general  muscular  rigidity  in  the  reduction  of 
dislocations,  nystagmus  in  operations  on  the  eye,  retching  and  swallowing 
in  operations  on  the  thyroid  under  chloroform,  and  vomiting  in  intestinal 
obstruction.  In  operations  on  the  tongue,  jaws,  tonsils,  palate,  teeth,  nose, 
or  pharynx,  when  blood  will  be  present  in  the  throat,  some  laryngeal 
reflexes  should  be  present  to  offer  an  obstacle  to  its  entrance  into  the 
larynx. 

With  regard  to  the  patient's  condition,  it  may  be  generally  said  that  the 
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more  weakly  and  enfeebled  is  his  state  of  health,  the  more  strongly  should 
evidence  of  reflex  action  be  maintained,  and  this  although  the  reflexes  are 
easily  abolished  in  such  cases.  Patients  suffering  from  anaemia,  shock  due 
to  injury,  exhaustion  from  intestinal  obstruction,  wasting  from  pyrexia, 
and  starvation  from  disease,  are  familiar  instances.  In  the  robust  and 
muscular,  in  free-livers,  and  in  patients  who  are  the  victims  of  a  narcotic 
habit,  large  quantities  of  the  ana;sthetic  are  required.  Kigidity,  and  even 
movements  of  the  limbs,  persist  in  alcoholic  subjects  until  narcosis  is  very 
profound.  The  vomiting  reflex  is  particularly  strong  in  alcoholic  subjects, 
and  will  often  act  when  many  of  the  other  reflexes  are  abolished.  When 
there  is  much  haemorrhage,  or  when  a  severe  operation  has  been  of  long 
duration,  the  reflexes  should  be  allowed  to  return  somewhat  freely.  A 
difficulty  often  arises  when  the  operation  demands  a  deep  narcosis,  and  the 
patient's  condition  contra-indicates  this ;  in  such  cases  a  midway  course 
must  be  carefully  taken,  but  even  then  the  circulation  will  often  become 
weak  and  require  stimulating  treatment.  The  presence  of  dyspnoea  in  the 
patient  before  operation,  particularly  when  of  recent  origin,  calls  for 
extreme  vigilance  on  the  part  of  the  administrator.  As  light  an  anaesthesia 
as  possible  should  invariably  be  kept  in  such  cases,  for  the  extraordinary 
muscles  of  respiration,  whose  help  is  necessary,  cease  to  act  if  the  narcosis 
be  at  all  profound. 

THE  SELECTION  OF  THE  ANESTHETIC. 

A  succession  of  anaesthetics  is  often  decided  on  from  the  first  as  the 
)est  way  of  treating  a  particular  patient :  in  other  cases  a  change  of  the 
Irug  becomes  desirable  to  suit  or  treat  certain  symptoms  that  appear  in 
the  course  of  the  administration.  The  physiological  action  of  the  various 
anaesthetics  is  the  first  factor  to  be  considered  in  deciding  which  to  give. 
Nitrous  oxide  gas,  particularly  when  diluted  with  oxygen  or  air,  is  the 
safest  general  anaesthetic ;  but  it  is  only  applicable  in  a  limited  number  of 
ises.  Ether  is  indisputably  many  times  safer  than  chloroform,  although 
its  employment  demands  more  skill.  The  A.C.E.  mixture  holds  an  inter- 
mediate position  between  ether  and  chloroform,  alike  as  regards  ease  of 
employment  arid  safety. 

Factors  determining  the  choice  of  an  anaesthetic. — Starting  on 
this  basis,  the  following  scheme  shows  the  various  factors  which  determine 
the  choice  of  the  anaesthetic : — 

1.  In  minor  surgery  generally,  and  in  operations  which,  while  necessitat- 
ing the  removal  of  the  inhaler,  do  not  last  more  than  from  thirty  to  sixty 
seconds,  nitrous  oxide  gas,  preferably  diluted  with  oxygen  or  air,  should  be 

3d.  As  instances  may  be  cited — operations  for  abscesses,  small  tumours, 
sinuses,  sequestra,  and  lupus ;  painful  dressings ;  the  smaller  orthopaedic 
Derations ;  short  examinations  not  requiring  complete  flaccidity ;  removal 
)f  nails ;  'tonsillotomy ;  short  dental  and  nasal  operations.  Nitrous  oxide 
lixed  with  oxygen  has  special  advantages  in  advanced  age,  aneurysm, 
anaemia,  enlarged  tonsils,  cardiac  and  pulmonary  affections,  and  in  operations 
on  children.  When  there  is  any  difficulty  in  breathing,  or  when  it  is 
important  not  to  subject  the  circulation  to  any  strain,  oxygen  should 
always  be  given  with  the  gas. 

2.  In  all  cases  that  do  not  fall  into  the  above  group,  ether  should  be 
employed  wherever  there  are  no  special  centra-indications.     An  exception  to 
this  rule  is  normal  labour,  for  which  chloroform  is  usually  chosen  because 
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of  its  greater  convenience,  and  because  it  is  much  less  dangerous  than  usual 
in  this  condition.  The  safety  of  chloroform  is  due  to  the  following  facts : — 
A  light  amtsthesia  only  is  required,  and  indeed  deep  narcosis  interferes 
with  the  expulsive  efforts ;  labour  being  a  physiological  act,  shock  during 
imperfect  anaesthesia  is  absent ;  the  heart  of  a  woman  at  term  is  strong 
from  physiological  hypertrophy,  and  a  store  of  nervous  energy  has  been 
accumulated  for  the  efforts  of  parturition.  Should  forceps,  turning,  or 
craniotomy  be  required,  ether  can  always  be  substituted. 

3.  When  ether  is  inadmissible,  by  reason  of  the  patient's  condition  or 
the  surgeon's  requirements,  chloroform,  alone  or  mixed  with  other  anaes- 
thetics, must  be  employed. 

Other  factors  to  be  considered  are  : — 

(a)  The  patient's  condition. — Speaking  generally,  the  presence  of  dyspnoea, 
from  external  or  internal  causes,  is  an  important  indication  that  ether 
should  be  avoided.  This  symptom  may  be  due  to  circulatory  or  respiratory 
disease,  abdominal  distension,  or  narrowing  of  the  air  channels  from  any 
cause.  If  heart  disease  is  slight  and  well  compensated,  ether  may  be 
employed.  Another  group  of  cases  comprises  inflammatory  conditions 
of  the  respiratory  apparatus.  Laryngitis,  bronchitis  (except  when  very 
chronic  and  slight),  active  and  advanced  phthisis,  pneumonia,  and  pleurisy 
forbid  the  use  of  ether.  When  haemoptysis  has  occurred,  it  is  par- 
ticularly undesirable,  because  of  the  increased  blood  pressure  produced. 
When  the  patient  is  suffering  from  aneurysm,  or  marked  atheroma,  and 
particularly  when  cerebral  haemorrhage  has  occurred,  ether  should  be 
avoided.  Extreme  obesity  is  against  the  use  of  ether.  In  acute  or 
extreme  Bright's  disease,  and  particularly  when  there  are  uraemic  symp- 
toms, ether  is  dangerous.  Advanced  age  is  in  itself  no  contra-indication, 
but  it  is  often  associated  with  conditions  of  rigid  chest,  emphysema,  and 
irritable  or  inflamed  bronchial  mucous  membranes,  which  render  ether 
undesirable. 

In  the  above-mentioned  conditions  the  administration  may  generally 
begin  with  the  A.C.E.  mixture.  Should  this  be  particularly  well  borne, 
and  the  contra-indication  be  not  especially  strong,  ether  may  often  be  tried 
afterwards.  If  the  A.C.E.  mixture  should  increase  dyspnoea,  or  prove  very 
irritating  to  the  laryngeal  reflexes,  chloroform  must  be  used.  Most  of 
these  cases,  however,  do  well  with  the  A.C.E.  mixture  throughout.  A  little 
ether  can  always  be  added  when  a  more  stimulating  effect  is  needed.  In 
many  cases  of  chronic  bronchitis,  emphysema,  and  obstructive  dyspnoea 
(e.g.  thyroid  tumour)  the  administrator  is  surprised  to  find  that  the  anaes- 
thetised patient  can  take  ether  without  difficulty.  It  should,  however, 
never  be  employed  during  a  lengthy  operation  on  any  bronchitic  patient. 
When  bronchitis  or  dyspnoea  (from  any  cause)  is  severe,  chloroform  should 
be  used  from  the  beginning. 

(&)  The  surgeon's  requirements. — When  the  operation  necessitates  the 
removal  of  the  inhaler,  and  will  last  longer  than  about  ten  minutes,  ether 
cannot  be  employed  throughout.  Such  is  the  case  with  many  operations 
on  the  palate,  jaws,  tongue,  mouth,  nose,  lips,  pharynx,  and  larynx. 
Administration  through  a  tracheotomy  tube  cannot  be  continued  with 
undiluted  ether.  After  the  inhalation  of  ether  the  cautery  must  not  be 
used  near  the  mouth  or  nose  until  a  minute  or  two  has  elapsed.  When 
muscular  rigidity  is  extreme,  or  cannot  be  overcome,  as  in  many  abdominal 
operations,  chloroform  should  be  substituted  for  ether  until  flaccidity  is 
attained.  An  effect  of  ether  that  is  often  an  annoyance  to  the  surgeon  is 
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the  venous  congestion  present.  In  deep  operations  on  the  neck,  thyroidec- 
tomy,  and  in  cerebral  surgery  generally,  this  often  forbids  the  use  of  ether. 

The  routine  way  of  dealing  with  all  the  above  cases  should  be  to 
maintain  anaesthesia  by  means  of  ether  for  some  minutes,  and  then  to 
3inploy  chloroform  for  the  rest  of  the  operation,  or  for  so  long  as  ether  is 
ladmissible.  When  chloroform  is  given  after  ether,  comparatively  small 
[uantities  are  required,  and  the  stimulating  effect  of  the  ether  usually 
smains  observable  throughout  the  operation.  Respiration  rarely  becomes 
inaudible,  and  we  are  able  to  recognise  the  degree  of  anaesthesia  which 
exists  more  readily  than  when  chloroform  has  been  given  throughout. 
Whether  ether  is  contra-indicated  by  reason  of  congestion  or  rigidity, 
depends  in  considerable  degree  upon  the  skill  of  the  anaesthetist.  By 
maintaining  free  and  unobstructed  respiration  such  an  event  may  be  often 
avoided. 

The  responsibility  of  discovering  diseases  in  the  patient  which  affect 
the  choice  of  the  anaesthetic  must  rest  with  the  anaesthetist.  He  should 
always  inquire  from  the  medical  attendant  or  surgeon  as  to  any  history  of 
illness,  and  he  should  examine  the  patient  himself  so  far  as  may  be  necessary. 
Usually  a  simple  inspection  will  suffice.  Examination  by  the  stethoscope 
is  likely  to  induce  nervousness  in  many  cases,  although  in  some  it  has 
the  contrary  effect.  A  point  to  be  remembered  in  inspecting  patients 
immediately  before  operation,  is  that  they  often  display  some  dyspnoea 
from  nervous  apprehension,  and  that  the  pulse  rate  is  commonly  increased 
from  the  same  reason.  Whenever  doubt  exists  as  to  the  proper  anaesthetic 
to  use,  the  A.C.E.  mixture  should  be  chosen. 

The  preparations  for  the  administration. — If  feasible,  the  patient 
should  be  kept  quiet  and  free  from  worry  or  excitement  for  a  day  or  two 
before  the  operation.  His  food  should  be  nutritious  and  easily  digestible, 
and  no  excess  in  the  use  of  alcohol,  tobacco,  or  narcotics  should  be  permitted. 
It  may  be  necessary  to  give  a  hypnotic  for  the  purpose  of  insuring  proper 
sleep  the  night  before  operation.  At  the  time  of  the  administration  the 
stomach,  bladder,  and  lower  bowel  should  be  empty.  Except  in  special 
cases,  abstention  from  food  for  at  least  four  hours  is  necessary.  Operations 
are  best  borne  in  the  early  morning ;  and  the  routine  preparation  is  a  light 
digestible  supper  the  night  before,  with  a  mild  aperient,  followed  by  an 
enema  in  the  morning.  Strong  purgatives,  which  may  cause  depression, 
should  be  avoided.  When  the  patient  is  feeble,  a  nutrient  enema  should 
be  given  shortly  before  the  administration ;  and  if  exhaustion  is  to  be  anti- 
cipated, four,  .five,  or  six  minims  of  liquor  strychninae  hydrochloridi 
should  be  administered  hypodermically. 

The  temperature  of  the  operating-room  is,  in  my  opinion,  often  too  low. 
Although  inconvenient  to  those  at  work,  a  temperature  of  70°  should  be 
maintained  for  all  except  short  and  trivial  operations ;  and  in  grave  and 
prolonged  operations,  and  for  very  feeble  patients,  it  may  with  advantage 
be  as  high  as  80°.  In  such  cases  a  warm  table  should  be  used.  The 
patient  should  be  carefully  guarded  from  draughts. 

No  administration  should  be  undertaken  without  the  following  appli- 
ances : — Some  form  of  mouth-opener,  Mason's  gag,  a  mouth-prop,  tongue- 
forceps,  and  tracheotomy  instruments.  When  dyspnoea  is  previously 
present,  a  supply  of  oxygen  should  be  at  hand,  with  a  suitable  apparatus 
for  its  administration.  The  anaesthetist  should  also  be  provided  with  a 
hypodermic  syringe  and  a  solution  of  strychnine  whenever  the  patient  is 
weakly  or  the  operation  grave. 
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Before  the  administration  begins,  the  anaesthetist  must  satisfy  himself 
that  there  is  no  weight  on  the  chest  or  abdomen,  no  tightness  of  clothes, 
and  no  artificial  teeth  or  loose  bodies  in  the  mouth. 

Posture. — While  he  is  still  conscious,  the  patient's  posture  should  be 
arranged  with  due  regard  to  his  comfort.  When  unconsciousness  has 
supervened,  the  important  considerations  affecting  posture  are  that  neither 
respiration  nor  circulation  shall  be  hampered.  The  circulation  is  most 
free  from  strain  when  the  patient  is  lying  flat,  and  the  respiration  when 
the  chest  and  abdomen  are  able  to  move  freely.  But  faulty  posture 
often  hinders  respiration  by  producing  internal  obstruction  above  the 
larynx.  When  anaesthetised,  with  the  head  flexed,  a  patient's  epiglottis 
will  nearly  always  be  in  contact  with  the  posterior  pharyngeal  wall,  and 
in  many  cases  even  with  the  neck  straight  this  will  happen  unless  the 
lower  jaw  is  kept  forward.  Still  if  the  head  be  extended  before  the 
swallowing  reflex  is  abolished,  the  act  of  swallowing,  which  is  common 
during  shallow  narcosis,  cannot  be  completed;  and  being  thus  arrested 
when  the  pharyngeal  muscles  are  contracted,  and  the  glottis  closed, 
respiration  is  necessarily  obstructed.  The  same  thing  happens  should  the 
head  be  turned  too  much  to  the  side  before  the  power  to  swallow  is  lost. 
After  loss  of  this  reflex,  however,  the  head  should  always  be  kept  turned 
to  the  side,  to  obviate  gravitation  backwards  of  the  tongue  and  epiglottis, 
to  keep  mucus  and  saliva  from  obstructing  breathing,  and  to  render  easy 
manipulation  of  the  lower  jaw  and  extension  of  the  head.  When  the 
operation  is  to  be  in  the  lateral  position,  this  position  will  be  found  con- 
venient from  the  start ;  unless,  as  in  empyema,  the  respiration  would  be 
made  more  difficult  from  the  patient's  weight  being  upon  the  healthy  side. 
In  operations  upon  the  lung  and  pleura,  the  respiration  may  become  so 
inefficient  as  to  demand  a  change  from  the  lateral  to  almost  the  supine 
position.  Whenever  the  head  has  to  be  completely  extended  during  imper- 
fect anaesthesia  (e.g.  in  tracheotomy  for  diphtheria,  and  during  some  opera- 
tions on  the  thyroid),  the  respiration  must  be  closely  watched,  as  complete 
obstruction  may  occur,  and  require  immediate  alteration  of  the  position  of 
the  head  for  the  moment.  The  prone  position  throws  a  much  increased 
strain  upon  the  respiratory  muscles,  and  when  it  is  required  by  the 
surgeon  (e.g.  in  Kraske's  operation  and  laminectomy),  the  anaesthetist 
should  keep  the  shoulders  as  nearly  as  possible  in  the  lateral  position,  so 
as  to  give  the  chest  and  abdomen  free  play.  If  necessary,  the  upper 
shoulder  may  be  supported  by  an  assistant's  hand.  In  mouth,  throat  and 
nose  operations,  in  the  supine  position,  the  head  and  shoulders  should  be 
slightly  raised,  to  avoid  excessive  bleeding,  and  the  head  turned  well  to  the 
side.  When  the  patient's  head  and  shoulders  are  much  raised  for  a 
considerable  time,  e.g.  in  some  operations  on  the  tongue,  the  circulation 
must  be  carefully  watched,  as  it  may  fail,  and  demand  an  immediate  change 
to  the  supine  position.  For  administration  in  the  sitting  position  the 
trunk  should  be  almost  upright,  the  head  neither  flexed  nor  extended,  and 
the  patient  so  securely  seated  that  he  cannot  slip. 

THE  ADMINISTKATION  OF  NITROUS  OXIDE. 

This  gas  is  supplied  in  liquid  form  in  steel  cylinders,  under  a  pressure 
of  more  than  30  atmospheres.  By  turning  a  screw,  conveniently  managed 
with  the  administrator's  foot,  the  escape  of  the  gas  can  be  regulated.  The 
quantity  present  in  the  cylinder  can  be  ascertained  roughly  by  the  sound 
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emitted  when  it  is  tapped  with  the  metal  spanner,  accurately  by  the  weight. 
Before  an  administration  a  sufficient  supply  must  be  known  to  exist,  and 
it  is  convenient  to  use  two  cylinders  coupled  together,  so  that  one  may 
be  always  full.  The  gas  is  conveyed  by  a  tube  from  the  cylinders  to  a 
bag,  from  which  it  is  inhaled  through  a  stop-cock,  which  leads  into  the 
face-piece.  The  best  stop-cocks  are  provided  with  an  inspiratory  valve  to 
prevent  the  patient's  expiration  returning  to  the  bag,  and  an  expiratory 
valve  through  which  the  expiration  escapes  into  the  atmosphere,  but  which 
prevents  the  ingress  of  air  during  inspiration.  To  produce  anaesthesia, 
nitrous  oxide  must  be  present  in  large  quantities  in  the  blood.  When  the 
undiluted  gas  is  given,  asphyxial  symptoms  appear  eventually,  and  are 
undistinguishable  from  those  produced  by  the  inhalation  of  pure  nitrogen 
(Hewitt). 

The  essential  points  for  a  successful  administration  are  that  the  gas  be 
pure,  the  various  parts  of  the  apparatus  in  order,  and  that  the  face-piece 
accurately  fit  the  patient's  face.  A  little  gas  should  be  twice  run  through 
the  apparatus  to  wash  out  the  contained  air,  and  after  that  the  bag  must 
be  shut  off  from  the  atmosphere  and  half  filled.  The  patient's  position 
having  been  satisfactorily  adjusted,  with  a  mouth-prop  in  situ  if  required 
for  a  mouth  or  nose  operation,  the  face-piece  must  be  applied  in  an  air- 
tight manner,  when  the  patient  will  breathe  air  through  the  stop-cock. 
Unless  the  face-piece  is  air-tight  the  symptoms  produced  will  not  be  those 
of  undiluted  nitrous  oxide,  and  if  much  entrance  of  air  occurs,  especially  in 
the  strong  hysterical  or  alcoholic,  noise,  excitement,  and  violent  struggling 
may  happen.  In  the  early  part  of  the  administration  the  absence  of 
leakage  is  especially  important.  Until  free  and  regular  breathing,  of  only 
slightly  more  than  normal  amplitude  and  rate,  is  established,  the  gas 
should  not  be  turned  on.  If  the  patient  can  be  induced  to  expire  freely, 
good  inspiration  will  follow,  and  he  should  also  be  told  not  to  stop  breath- 
ing. If  the  respiration  is  too  deep  or  too  rapid,  directions  to  breathe  more 
quietly  or  not  so  quickly  should  be  given.  Peculiarities  in  respiration 
may  increase  after  unconsciousness,  as  may  also  any  continued  movement 
of  the  limbs,  so  that  an  endeavour  should  be  made  to  begin  the  administra- 
tion with  the  patient  breathing  normally,  quiet,  and  relaxed.  It  is  a  good 
plan  to  direct  him  to  clasp  his  hands  together. 

When  respiration  is  satisfactory,  the  gas  is  turned  on  and  a  due  supply 
kept  up  with  the  foot.  Having  begun  the  administration,  the  anaesthetist's 
object  is  to  make  the  first  stage  (until  loss  of  consciousness)  as  pleasant, 
and  the  second  stage  (stage  of  excitement)  as  short,  as  possible.  Marked 
subjective  sensations  characterise  the  first  stage  of  general  anaesthesia, 
whatever  agent  is  used,  and  it  is  in  the  power  of  the  anaesthetist,  by 
reassuring  or  by  giving  directions  appropriate  to  the  occasion,  to  lessen 
greatly  the  discomfort  experienced.  Unpleasantness  in  this  stage  with 
nitrous  oxide  is  due  to  faulty  apparatus,  or  to  nervousness  on  the  part  of 
the  patient.  Holding  the  breath,  in  particular,  may  give  rise  to  feelings  of 
suffocation.  Loss  of  consciousness  is  rapid,  occurring  usually  after  from  six 
to  eight  breaths  have  been  taken.  A  few  breaths  later  a  little  congestion 
in  the  cutaneous  vessels  and  a  change  of  colour,  if  the  patient  be  at  all 
plethoric,  is  observable.  The  second  stage  is  shortened  by  rigidly  exclud- 
ing air.  In  the  majority  of  cases  no  movement  or  phonation  occurs,  and 
the  administration  proceeds  until  one  or  more  of  the  following  four 
asphyxial  symptoms  appear: — (1)  Characteristic  stertor,  best  described  by 
the  words  "jerky  "  and  "  grunting  " ;  (2)  jactitation,  which  is  the  word  used 
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to  denote  muscular  twitchings  of  a  clonic  character,  usually  observed  in 
the  arms,  neck,  and  eyelids ;  (3)  irregular  respiration ;  (4)  stoppage  of 
respiration.  When  this  point  is  reached,  the  administration  of  pure  nitrous 
oxide  cannot  proceed  safely  much  farther,  and  the  face-piece  must  be 
removed.  At  this  moment  the  narcosis  is  profound,  there  is  no  corneal 
reflex,  the  globes  are  fixed,  the  pupils  widely  dilated,  and  the  patient 
cyanosed  more  or  less,  as  he  is  more  or  less  strong  and  florid.  The  blood- 
pressure  is  much  raised  from  the  asphyxia,  and  the  pulse  is  very  rapid. 
The  onset  of  the  asphyxial  phenomena  may  be  heralded  by  a  change  in 
the  rhythm  of  respiration,  often  with  well-marked  expiratory  efforts. 
Retching  may  occur,  rarely ;  it  should  be  taken  as  an  indication  to  cease 
the  administration.  When  complete  stoppage  of  respiration  occurs,  it  is 
usually  due  to  the  same  obstruction  that  causes  the  characteristic  stertor, 
which  arises  from  internal  muscular  contraction.  I  have  observed  it  in 
a  case  recorded  elsewhere,  in  which  there  was  no  obstruction  and  no 
asphyxial  symptoms,  but  this  is  an  event  of  the  greatest  rarity.  Irregu- 
larities in  respiration  due  to  nervousness,  snoring  due  to  enlarged  tonsils 
with  a  lax  palate,  and  hysterical  movements  must  not  be  mistaken  for 
asphyxial  symptoms  indicating  the  moment  at  which  the  inhalation  should 
terminate. 

After  the  removal  of  the  face-piece,  the  anaesthetist's  duty  is  to  see  that 
the  respiration  proceeds  with  enough  efficiency  to  prevent  an  increase  in 
the  asphyxial  phenomena.  When  the  inhalation  of  any  anaesthetic  is 
stopped,  as  Snow  long  ago  observed,  the  symptoms  of  anaesthesia  will 
increase  during  the  time  necessary  to  convey  the  blood  in  the  lungs  to  the 
brain.  But  when  one  good  breath  of  air  has  been  taken  after  the  cessation 
of  an  administration  of  nitrous  oxide,  others  are  certain  to  follow,  provided 
the  operation  or  position  of  the  patient  does  not  cause  further  obstruction. 

In  dental  or  nasal  operations  the  anaesthetist  should  hold  the  patient's 
head  firmly,  and  support  the  lower  jaw  if  necessary.  Should  the  breathing 
be  inefficient,  a  rare  occurrence,  he  must  stop  the  operation  for  the 
moment  and  push  the  jaw  forward.  This  failing,  he  must  pull  out  the 
tongue,  hook  the  epiglottis  forward  with  his  finger,  and  if  necessary 
compress  the  chest  until  a  breath  of  air  is  taken.  Should  complete 
obstruction  exist  after  these  methods  of  treatment,  laryugotomy  will  be 
necessary.  The  administrator  must  see  that  no  loose  tooth  falls  back  into 
the  throat ;  and  he  must  be  ready  with  Mason's  gag  in  case  the  prop  slips 
or  the  operation  demands  its  removal.  Although  anaesthesia,  when  the 
face-piece  is  removed,  is  profound,  patients  rapidly  emerge  from  this  state. 
The  return  of  consciousness  is  very  sudden  when  the  administration  has 
been  short,  and  the  anaesthetist  must  be  careful  to  warn  the  operator  to 
cease  before  it  occurs.  If  the  gas  has  been  given  free  from  air  and  the 
asphyxial  symptoms  are  well  developed,  the  eyes  will  be  open  and  the 
pupils  fixed  and  dilated  when  the  operation  is  begun.  When  the  pupil  is 
seen  to  contract  to  light,  a  few  seconds  only  of  anaesthesia  remain,  and  the 
operation  should  cease.  Contraction  of  facial  muscles  in  response  to  the 
operation  is  soon  followed  by  consciousness.  Another  sign  of  great  value 
is  the  power  of  the  patient  to  open  or  close  his  eyes  when  suddenly  told  to 
do  so  in  a  loud  voice.  When  this  can  be  done,  pain  will  soon  be  felt. 
Phonation  is  a  less  useful  guide.  Before  either  of  these  signs  appear,  the 
colour  will  as  a  rule  have  been  restored.  The  average  available  anaesthesia 
from  gas  is  about  thirty  seconds. 

From  the  foregoing  description  it  is  seen  that,  with  pure  nitrous  oxide, 
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we  do  not  rely  upon  the  patient's  reflexes  as  guides  for  the  moment  at  which 
to  cease  the  administration,  but  upon  the  presence  or  absence  of  the  pheno- 
mena of  asphyxia,  which  overshadow  the  usual  symptoms  of  anaesthesia. 
The  special  danger  of  this  method  of  anaesthetisation  is  that  asphyxia  may 
proceed  to  such  a  point  that  artificial  aid  to  respiration  may  be  necessary 
to  restore  the  patient.  As  the  symptoms  are  so  unmistakable,  this  event 
is  of  great  rarity — although  even  deaths  have  happened  from  this  cause. 
In  children  and  anaemic  subjects  the  onset  of  asphyxial  symptoms  is  very 
rapid,  and  the  resultant  anaesthesia  proportionately  short.  Since  nitrous 
oxide  stimulates  the  heart  (Pickering)  and  raises  the  blood  pressure, 
failure  of  the  circulation  is  always  secondary  to  asphyxia.  I  have  never 
seen  symptoms  of  syncope  occurring  independently  of  asphyxia;  but  an 
idea  exists  that  such  a  thing  may  happen  from  the  shock  of  an  operation 
during  imperfect  anaesthesia,  as  is  the  undoubted  fact  in  the  case  of 
chloroform.  For  treatment  of  the  complications  of  anaesthesia,  see  p.  84. 

THE  ADMINISTRATION  OF  NITKOUS  OXIDE  WITH  Am. 

Nitrous  oxide  diluted  with  enough  air  to  prevent  or  considerably 
lessen  the  symptoms  of  asphyxia  obviously  possesses  advantages  over  the 
pure  gas.  Air  can  be  added  to  the  gas  in  several  ways.  The  method 
which  I  believe  to  be  the  best  is  that  which  I  have  previously 
described  in  an  article  on  the  accidents  of  anaesthesia ;  it  is  applicable 
alike  to  dental  and  to  more  prolonged  surgical  operations.  Using 
the  same  apparatus  as  for  pure  nitrous  oxide,  and  with  the  same 
precautions  at  the  beginning  of  the  administration,  a  complete  breath 
of  air  is  admitted  from  time  to  time  by  opening  the  stop-cock  during 
one  inspiration.  The  time  to  give  the  first  breath  of  air  is  the  most 
important  point  in  the  method.  From  ten  to  twenty  breaths  of  pure 
gas  should  have  been  given  first,  according  to  the  type  of  patient,  so 
that  the  second  stage  may  be  well  advanced.  The  absence  of  con- 
junctival,  not  corneal,  reflex  is  a  sure  indication  that  the  first  breath 
of  air  may  be  given,  but  in  many  cases  air  may  be  given  before  this  is 
lost.  After  the  first  breath  of  air  the  patient's  symptoms  show  when  air 
is  needed  or  should  be  withheld.  Movement,  noise,  shallow  breathing, 
and  returning  conjunctival  reflex  are  indications  to  give  less  air  :  cyanosis, 
stertor,  commencing  twitchings,  dilating  pupil,  or  very  deep  breathing 
show  that  more  air  is  demanded.  As  a  rule,  five  or  six  breaths  of  pure  gas 
alternate  with  one  breath  of  air.  If  the  administration  is  for  a  dental 
operation,  one  proceeds  in  this  way  until  slight  asphyxial  symptoms 
appear.  Usually,  if  the  administration  has  been  skilfully  conducted,  the 
breathing  becomes  slightly  irregular  without  either  stertor  or  jactitation. 
By  this  time  three,  four,  or  five  breaths  of  air  will  have  been  employed. 
On  the  removal  of  the  face-piece  a  considerably  longer  anaesthesia  occurs 
than  is  the  case  after  pure  nitrous  oxide.  The  same  symptoms  as  with 
pure  nitrous  oxide  are  useful  guides  to  the  duration  of  narcosis,  and  all  the 
other  directions  given  also  apply  to  gas  and  air.  In  surgical  operations 
under  gas  and  air  the  operation  should  begin  before  asphyxial  symptoms 
develop,  and  enough  air  is  given  afterwards  to  prevent  their  onset.  After 
the  first  two  minutes  it  will  be  found  that  air  may  be  more  freely  given, 
and  is  indeed  needed,  and  after  four  or  five  minutes  two  or  three  consec- 
utive breaths  of  air  will  be  frequently  required.  The  longer  the  amesthesia 
lasts,  the  easier  will  the  patient  be  to  manage,  and  the  longer  in  recovering 
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consciousness.  No  doubt  the  increase  in  the  anaesthesia  available  for 
dental  operations  under  gas  and  air  is  directly  connected  with  the  increased 
length  of  the  inhalation,  which  permits  of  a  more  uniform  diffusion  of  gas 
throughout  the  body. 

THE  ADMINISTRATION  OF  NITROUS  OXIDE  AND  OXYGEN. 

This  mixture  is  the  safest  anaesthetic  at  present  known,  and  is  applic- 
able to  all  cases  for  which  nitrous  oxide  and  air  may  be  used,  besides 
to  many  surgical  cases  for  which  the  latter  mixture  is  unsuitable, 
since  with  gas  and  oxygen  muscular  tiaccidity  can  be  usually  obtained. 
Hillischer  of  Vienna  first  largely  used  the  mixture  of  nitrous  oxide  and 
oxygen  at  ordinary  atmospheric  pressures,  but  the  credit  of  inventing  the 
best  method  for  its  administration  is  due  to  Hewitt,  who  was  the  h'rst 
in  this  country  to  investigate  the  matter.  Although  the  best  effects  of  the 
mixed  gases  are  only  obtained  after  considerable  practice,  this  method  of 
producing  anaesthesia  gives  results  that  are  superior  to  those  of  all  other 
methods  both  as  regards  the  patient's  comfort  and  safety.  By  its  use 
good  anaesthesia  is  attainable,  while  symptoms  of  oxygen  deprivation  are 
absent  or  of  the  slightest.  If  too  large  a  proportion  of  oxygen  be  given, 
movement  and  noise  will  occur,  and  the  patient  will  remain  only  lightly 
in  the  second  stage  of  anaesthesia,  or  he  may  become  semi-conscious. 

The  best  anaesthesia  that  the  mixture  produces  is  not  very  profound 
physiologically,  but,  since  it  requires  a  longer  administration  to  produce, 
it  lasts  considerably  longer  than  that  of  pure  nitrous  oxide.  Another 
reason  for  its  longer  duration  is  that,  because  there  is  no  urgent  demand 
for  oxygen,  respiration  is  usually  of  small  amplitude  and  rate,  and  con- 
sequently elimination  is  slow.  At  the  greatest  depth  of  nitrous  oxide 
and  oxygen  narcosis,  uncomplicated  by  asphyxial  symptoms,  some  corneal, 
not  conjunctival,  reflex  can  always  be  elicited  with  a  sufficiently  strong 
stimulus,  slight  reflex  movement  of  the  limbs  may  often  occur  in  response 
to  a  painful  operation,  and  the  patient's  dream  is  often  consecutive  from 
the  moment  of  losing  till  the  moment  of  regaining  consciousness.  With 
pure  nitrous  oxide  given  until  asphyxial  symptoms  demand  its  withdrawal, 
I  believe  there  is  always  a  hiatus  of  complete  unconsciousness  in  the 
dream,  certainly  the  corneal  reflex  is  abolished  at  the  height  of  anaesthesia, 
and,  while  asphyxial  rigidity  and  clonus  are  present,  a  reflex  movement 
at  this  depth  is  impossible.  These  points  are  mentioned  because  it  is 
stated  that  anaesthesia  from  the  mixture  is  deeper  than  that  from  pure 
gas,  an  error  which  probably  arose  from  the  shortness  of  the  time  during 
which  nitrous  oxide  anaesthesia  is  more  profound  than  from  any  condition 
obtainable  with  the  mixture,  so  long  as  asphyxial  symptoms  are  absent. 

The  rise  of  blood  pressure  with  nitrous  oxide  is  probably  asphyxial 
in  origin,  since  the  mixture  has  little  or  no  effect  in  this  direction.  This 
fact  was  recorded  by  Paul  Bert,  and  I  have  also  seen  it  demonstrated 
in  the  laboratory.  The  mixture  is  consequently  applicable  in  cases  of 
extreme  disease.  I  have  personal  experience  of  it  in  many  cases  of  heart 
disease,  and  in  conditions  of  dyspnoea  from  disease  and  from  obstruction. 
In  particular,  a  patient  who  presented  an  enormous  aneurysm  of  the 
aortic  arch,  with  dyspnoea,  a  large  external  swelling,  and  very  marked 
pulsation,  was  ana-sthetised  in  the  sitting  position  without  any  untoward 
symptom. 

Hewitt's    apparatus,    which    is    now    largely    used  in    this   country, 
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consists  essentially  of  the  nitrous  oxide  apparatus  previously  mentioned, 
with  a  second  bag  for  the  oxygen,  also  supplied  from  a  cylinder.  A 
mixing  chamber  is  placed  between  the  nitrous  oxide  bag  and  the  stop- 
cock, and  the  oxygen  bag  communicates  with  this  chamber  by  twelve  or 
more  pin-holes,  any  number  of  which  can  be  opened  at  will.  The  mixed 
gases  are  breathed  through  valves,  as  previously  described ;  and  to  prevent 
backward  diffusion  from  the  mixing  chamber  to  the  bags,  an  additional 
inspiratory  valve  is  placed  at  the  mouth  of  each  bag.  Precautions 
already  described  for  excluding  air  and  insuring  free  breathing  must 
be  carefully  taken.  The  administration  begins  by  turning  on  the  nitrous 
oxide  with  a  small  amount,  one,  two,  or  three  holes,  of  oxygen.  A  supply 
of  nitrous  oxide  is  kept  up  with  the  foot,  but  the  oxygen  does  not  need 
replenishing  for  some  minutes,  and  is  enough  for  two  or  three  dental  cases. 
It  is  important  that  the  nitrous  oxide  supply  shall  be  such  as  to  keep  the 
bag  always  similarly  distended  to  the  oxygen  bag.  The  two  bags  should 
be  rather  more  than  half  full  at  the  commencement.  The  percentage  of 
oxygen  is  gradually  increased  by  opening  an  additional  hole  after  every 
two,  three,  or  four  inspirations,  according  to  the  patient's  symptoms. 
Consciousness  is  lost  less  rapidly  than  with  pure  gas,  and  the  stage  during 
which  excitement  may  occur  is  much  lengthened,  but  in  practice  noise 
and  movement  are  even  less  common  than  when  pure  gas  is  used.  The 
following  conditions  demand  a  more  rapid  increase  of  oxygen  than  the 
average :  —  Weak  health,  anaemia,  childhood,  dyspnoea,  and  obstructed 
respiration  (e.g.  enlarged  tonsils).  The  percentage  of  oxygen  should  be 
increased  when  the  respiration  is  deep,  when  much  snoring  occurs,  and 
when  congestion,  slight  blueness,  or  any  threatening  of  asphyxial  symptoms 
appears.  Less  oxygen  than  usual  must  be  given,  especially  in  the  early 
stages,  to  muscular,  alcoholic,  and  hysterical  patients.  When  such  con- 
ditions are  marked,  it  is  well  to  begin  by  one,  two,  or  three  inspirations 
)f  pure  nitrous  oxide.  The  following  symptoms  also  demand  a  diminu- 
tion in  the  percentage  of  oxygen :  movement,  phonation,  rapid  breathing, 
due  to  excitement,  and  very  quiet  or  arrested  breathing  with  high  colour, 
due  to  excess  of  oxygen.  If  none  of  the  symptoms  which  demand  an 
increase  or  diminution  of  oxygen  appear,  from  six  to  ten  holes  should 
be  successively  opened,  according  to  the  type  of  patient  and  the  particular 
apparatus.  This  will  take  more  than  one  minute,  and  the  inhalation 
should  then  continue  in  dental  cases  for  twenty  to  thirty  seconds  longer, 
with  the  same  proportion  of  oxygen.  The  symptoms  of  anaesthesia  which 
enable  us  to  remove  the  face-piece  and  to  obtain  an  average  anesthesia 
of  about  forty-five  seconds,  are  very  like  those  of  natural  sleep.  The 
eyeball  should  be  fixed,  or  nearly  so,  the  respiration  softly  snoring  and 
of  rather  less  than  normal  amplitude  and  rate,  there  should  be  no  con- 
junctival  reflex,  the  pupil  should  be  fixed  and  rather  small,  and  the  colour 
almost  normal.  For  dental  operations  a  very  bright  colour  and  very 
quiet  breathing  should  be  avoided,  by  giving  the  last  three  or  four  inspira- 
tions with  a  diminished  percentage  of  oxygen,  since  the  anaesthesia  is  not 
profound  enough  if  these  symptoms  are  present,  and  there  is  an  increased 
liability  to  after-vomiting.  If  too  much  oxygen  is  given  towards  the 
end,  rigidity  may  appear  without  interfering  much  with  the  duration  of 
amesthesia.  The  best  sign  for  cessation  is  fixation  of  the  globes,  often 
turned  downwards,  after  nystagmus  has  been  present.  The  symptoms 
that  amesthesia  is  ending  are  as  previously  described,  but  the  return  of 
consciousness  after  their  appearance  is  more  slow  than  with  pure  gas. 
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In  surgical  cases,  where  the  face-piece  can  be  kept  applied,  the  percentage 
of  oxygen  given  must  follow  the  symptoms  displayed,  and  can  be  increased 
after  two  or  three  minutes.  But  a  breath  of  air  will  be  needed  occasionally 
after  this  time,  and  after  five  minutes  more  frequently.  One  objection 
to  the  method  for  surgical  work  is  the  large  amount  of  gas  required. 

The  delay  in  the  production  of  the  effects  of  anaesthetics  remarked 
by  Snow  is  especially  noticeable  in  the  use  of  nitrous  oxide  diluted 
with  air  or  oxygen,  since  slight  changes  in  the  composition  of  the  gas 
inhaled  may  produce  marked  changes  in  the  symptoms  fifteen  or  twenty 
seconds  later.  For  this  reason,  when  an  increase  or  diminution  of  air 
or  oxygen  is  demanded  by  the  symptoms,  such  change  should  only  be 
maintained  for  a  few  respirations  if  the  symptoms  are  slight,  not  generally 
until  they  become  modified. 

An  overdose  of  the  mixture  apart  from  asphyxia  would  seem  to  be 
impossible ;  but  I  have  seen  a  weakly  man,  after  fifteen  minutes'  adminis- 
tration, cease  to  breathe,  without  obstruction,  for  about  three-quarters  of 
a  minute,  until  cyanosis  was  marked,  when  pressure  upon  the  chest  caused 
breathing  to  recommence.  Burns  records  a  similar  case.  It  is  not  cer- 
tain that  with  the  degree  of  anaesthesia  provided  by  the  mixture  there  is 
as  complete  a  protection  from  shock  as  with  more  powerful  anaesthetics. 
Hillard  records  a  case  of  reflex  syncope,  and  the  method  is  on  this 
account  not  to  be  recommended  for  procedures  likely  to  produce  much 
shock,  e.g.  forcible  stretching  of  the  sphincter  ani  in  weakly  subjects. 
Vomiting  may  occur  during  the  administration  of  gas  and  oxygen  if  the 
stomach  is  full,  necessitating  removal  of  the  face-piece  and  clearing  of 
the  mouth  before  the  administration  can  proceed. 

The  sequelae  of  the  three  methods  of  using  nitrous  oxide  are  generally 
slight  and  transient.  Giddiness,  numbness,  headache,  lassitude,  faintness, 
hysteria,  nausea,  or  vomiting  may  be  encountered.  Their  advent  bears 
some  relation  to  the  length  of  the  administration,  but  they  are  most 
common,  notably  vomiting,  after  gas  and  oxygen.  When  the  patient  has 
been  properly  prepared,  and  when  an  unduly  high  colour  with  quiet  or 
arrested  breathing  (due  to  too  much  oxygen)  has  been  avoided,  after- 
vomiting  is  rare. 

The  differences  of  the  three  methods  in  dental  operations  may  be 
summarised  thus — 


Gas. 

Gas  and  Air. 

Gas  and  Oxygen. 

Stertor  and  jactitation    .     . 
Cyanosis      

Necessary. 
Marked 

Not  necessary  for 
success. 

Much  less 

Absent. 
Absent. 

Pupils     

Smallest 

Average  aniesthesia   . 

Shortest. 

Longest. 

Intermediary. 

It  is  possible,  as  recommended  by  Coleman  and  Paterson,  to  prolong 
nitrous  oxide  anesthesia  in  operations  about  the  mouth  by  continuing 
the  administration  through  the  nose  while  the  operation  proceeds.  The 
gas  is  sent,  under  slight  pressure,  into  a  nose-piece  which  fits  accurately. 
Although  the  patient's  mouth  is  open,  enough  gas  may  be  supplied  in  this 
way  to  permit  of  operations  of  several  minutes'  duration. 
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THE  ADMINISTRATION  OF  ETHER. 

Ether  is  a  powerful  stimulant,  in  both  smaller  and  larger  doses  than 
those  which  produce  anaesthesia.  When  the  quantity  inhaled  is  properly 
regulated,  depression  from  prolonged  administration  only  occurs  in  feeble 
patients.  To  produce  anaesthesia,  large  quantities  of  the  vapour  are 
required,  and  as  ether  is  very  irritating  to  the  mucous  membrane  of  the 
air  channels,  it  is  more  difficult  to  administer  than  other  anaesthetics, 
especially  in  the  early  stages.  Obstructed  respiration,  due  to  increased 
secretion  arid  venous  congestion  with  consequent  swelling  of  the  mucous 
membranes,  constitutes  a  further  difficulty,  but  the  stimulating  effect  of 
ether  upon  the  respiration  more  than  counteracts  this.  Three  methods  of 
producing  ether  anaesthesia  are  in  common  use. 

By  limitation  of  air  until  anaesthesia  is  attained. — This  is  accom- 
plished with  Clover's  portable  regulating  inhaler,  a  metal  chamber  contain- 
ing the  drug,  through  which  the  respirations  can  be  partly  or  wholly 
made  to  pass  as  they  go  to  and  from  a  bag,  which  is  only  slightly  larger 
than  a  forcible  expiration.  One  and  a  half  to  2  oz.  of  ether  are  poured 
into  the  chamber,  and  the  indicator  is  turned  to  "  0,"  so  that  the  ether 
is  shut  off,  and  only  air  is  breathed  through  the  apparatus.  The  two 
essentials  for  success  are,  that  the  face-piece  should  be  air-tight,  and  that 
the  strength  of  ether  vapour  should  only  be  gradually  increased.  The  bag 
is  filled  with  the  patient's  expirations,  and  the  face-piece  then  accurately 
applied.  For  half  a  minute  or  so,  longer  in  the  robust,  shorter  in  the 
young  and  weakly,  the  contents  of  the  bag  are  breathed  backwards  and 
forwards,  and  then  the  chamber  is  evenly  and  slowly  rotated  so  that  more 
and  more  of  the  air  respired  passes  over  the  ether.  This  rotation  is  done 
in  response  to  the  patient's  symptoms.  Holding  the  breath,  straining, 
coughing,  swallowing,  slow  and  shallow  breathing  are  guides  to  cease 
the  rotation  for  one  or  two  respirations,  or  if  pronounced,  to  rotate 
back  a  little  for  the  moment.  Deep  and  free  breathing,  with  absence  of 
the  above  reflex  effects  of  the  vapour,  shows  that  more  rapid  rotation  is 
possible  and  therefore  desirable,  since  in  inducing  anaesthesia  with  ether 
the  strongest  vapour  that  can  be  comfortably  respired  should  be  given. 
The  rotation  of  the  chamber,  in  fact,  should  closely  follow  the  movements 
of  the  bag.  No  air  is  permitted  until  there  is  stertor,  when  in  florid  and 
healthy  patients  cyanosis  and  a  dilated  pupil  with  diminished  corneal 
excitability  will  be  present.  The  apparatus  is  then  removed  for  only  one 
inspiration,  and  on  its  reapplication  the  rotation  is  further  proceeded  with. 
The  indicator  in  most  cases  should  be  at  about  "  2  "  before  air  is  necessary. 
With  healthy  adults  the  inhalation  proceeds  until  "  F  "  is  reached,  one  or 
two  more  inspirations  of  air  having  been  given  because  of  stertor  and 
cyanosis  during  the  process.  In  a  minute  or  two,  when  signs  of  good 
anaesthesia  are  present,  the  indicator  can  usually  be  turned  back  somewhat, 
so  that  no  stronger  vapour  than  is  required  by  the  patient  may  be  given. 
In  strong  patients,  enough  air  to  restore  the  normal  colour  cannot  usually 
be  given  for  from  five  to  ten  minutes,  or  the  patient's  reflexes  will  return, 
so  that  the  vapour  will  not  be  respired ;  but  in  the  young  and  weakly  the 
loss  of  colour  necessary  to  produce  anaesthesia  is  very  slight.  With  these 
patients  the  rotation  need  not  proceed  beyond  "  3,"  sometimes  not  so 
far,  and  anaesthesia  may  be  maintained  with  the  indicator  at  "H"  or 
even  "  1."  Should  the  same  apparatus  be  used  throughout  the  administra- 
tion, care  must  be  taken  to  add  more  ether  before  it  becomes  empty.  The 
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vapour  used  must  be  sufficiently  strong  to  allow  of  its  removal  from  the 
face  for  a  breath  of  air  after  every  five  or  six  respirations,  even  in  the 
robust,  after  the  colour  has  once  been  restored.  If  struggling  occurs  very 
early,  it  is  best  to  remove  the  apparatus,  reassure  the  patient,  and  begin 
afresh ;  but  when  this  happens  during  the  second  or  dream  stage,  the  face- 
piece  must  be  firmly  applied,  and  the  administration  pushed  with  as 
strong  a  vapour  as  the  patient  will  breathe  at  the  moment.  Any 
asphyxial  symptom,  e.g.  muscular  twitching  or  irregular  breathing,  which 
may  occur  from  too  much  air  limitation  in  the  very  weakly,  and  continued 
spasm  causing  complete  stoppage  of  respiration,  which  rarely  happens  from 
too  strong  a  vapour,  demand  immediate  removal  of  the  apparatus,  and  the 
re-establishment  of  efficient  breathing.  Anaesthesia  is  produced  by  this 
method  in  from  two  to  four  minutes,  and  if  the  breathing  has  been  free 
from  the  beginning,  little  discomfort  is  experienced  by  the  patient,  and 
symptoms  of  excitement  are  usually  absent. 

By  beginning  with  nitrous  oxide. — There  are  three  ways  of  ad- 
ministering "  gas  and  ether."  In  Braine's  method  nitrous  oxide  is 
given  as  already  described,  and  an  Qrmsby's  inhaler  which  has  been 
previously  charged  with  ether  is  applied  to  the  face  at  the  height  of 
gas  amcsthesia.  The  ether  vapour  is  very  strong,  but  the  anaesthesia  is 
sufficient  to  enable  it  to  be  breathed,  and  when  several  breaths  have  been 
taken,  air  can  be  given  occasionally,  and  the  colour  soon  restored.  To 
employ  this  method  in  strong  and  muscular  patients,  requires  considerable 
experience,  but  it  answers  well  for  young  adults  of  spare  build,  particularly 
women.  The  second  method  is  by  means  of  Clover's  large  gas  and  ether 
apparatus.  This  is  not  in  common  use  at  the  present  time,  and  is 
essentially  the  same  as  the  method  next  described,  which  is  easier  to  use. 
The  best  method  is  Hewitt's,  which  is  to  use  Clover's  inhaler  as  de- 
scribed on  the  previous  page,  with  the  bag  and  stop-cock  of  a  nitrous  oxide 
apparatus  in  place  of  its  own  bag.  Only  one  bagful  of  gas  is  needed  for  the 
strongest  subject,  less  for  children  and  feeble  patients.  Half  the  gas  (from 
two  to  five  respirations)  is  first  breathed  through  the  valves,  the  expira- 
tions escaping;  and  then  the  valves  are  turned  aside  at  the  stop-cock 
so  that  the  remaining  half  is  breathed  to  and  from  the  bag.  From  this 
time  the  rotation  of  the  ether  chamber  begins.  The  strength  of  the 
vapour  is  increased  as  described,  with  the  difference  that  the  rate 
of  increase  should  be  considerably  faster  than  when  no  gas  is  used, 
especially  during  the  first  few  seconds.  Directly  asphyxial  symptoms 
threaten  to  appear,  a  full  inspiration  of  air  is  given  by  opening  the 
stop-cock,  which  is  then  at  once  closed,  so  that  the  succeeding  expiration 
goes  into  the  bag.  Stertor  is  the  best  sign  for  giving  air,  which  must  not 
be  done  too  soon.  The  rotation  is  then  continued  until  a  second  breath  of 
air  is  demanded  by  the  symptoms  (stertor  and  cyanosis),  when  it  is  given 
as  before.  After  this  point  the  gas  is  of  no  further  use,  so  the  smaller 
(Clover's)  bag  is  substituted  for  the  gas  bag,  and  the  administration 
proceeds  as  if  gas  had  not  been  used.  The  advantages  of  the  method  are 
that  consciousness  is  lost  very  rapidly,  and  before  ether  is  admitted,  and 
that  the  stage  of  excitement  is  much  shortened,  or  not  apparent  at  all.  The 
method,  however,  requires  experience  to  apply  in  strong  adults,  alcoholics, 
and  children.  In  the  latter,  asphyxial  symptoms  rapidly  develop,  and 
must  be  early  prevented  by  a  breath  of  air.  Strong  adults  possess  strong 
laryngeal  reflexes,  which  are  readily  excited  by  a  too  rapid  increase  of 
strength  of  the  ether  vapour.  Spasm  causing  obstruction  to  respiration, 
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in  these  patients,  may  be  so  extreme  as  to  make  it  necessary  to  remove 
the  apparatus  until  a  good  breath  of  air  has  been  taken,  and  then  to 
proceed  with  a  weaker  vapour  at  a  slower  rate  of  increase.  In  this  event 
struggling  will  probably  follow  the  breath  of  air,  and  the  face-piece  must 
be  tightly  applied  afterwards.  Success  is  insured  by  just  preventing  the 
appearance  of  asphyxial  symptoms,  and  by  giving  at  eacli  moment  just 
that  strength  of  vapour  which  can  be  comfortably  breathed. 

By  beginning  with  the  A.C.B.  mixture. — This  method  is  of  almost 
universal  applicability,  and  is  specially  suitable  for  enfeebled  patients,  in 
whom  it  is  undesirable  to  subject  the  circulation  to  the  strain  of  partial 
asphyxia,  and  for  the  muscular  and  alcoholic,  whose  reflexes  are  likely  to 
be  troublesome  during  the  induction  of  anaesthesia  by  the  two  former 
methods.  Its  disadvantages  are  that  the  first  stage  is  not  so  rapid  nor 
so  pleasant  for  the  patient  as  when  gas  is  used,  and  that  struggling  is  more 
likely  to  occur  in  the  second  stage,  which  is  a  little  lengthened.  The 
administration  begins  from  a  Skinner's  mask,  a  metal  framework  over 
which  a  single  layer  of  domett  is  stretched.  After  good  respiration  is 
established,  the  mixture  is  dropped  upon  the  mask,  beginning  gradually, 
and  increasing  the  quantity  as  the  respiration  allows.  If  swallowing, 
straining,  coughing,  or  holding  the  breath  occurs,  the  increase  is  made  less 
rapidly.  By  the  end  of  half  a  minute  the  whole  mask  should  be  fairly 
wet,  and  it  is  kept  so  by  constant  dropping  for  another  minute.  At  the 
end  of  this  time  a  Rendle's  mask  of  leather  or  celluloid,  containing  a 
sponge  on  which  one  or  two  drachms  of  the  mixture  have  been  poured,  is 
rapidly  substituted  for  the  Skinner's  mask.  If  reflex  interference  with 
respiration  is  produced,  the  mask  is  held  less  tightly  on  the  face,  but 
whenever  the  breathing  is  deep  it  should  fit  fairly  closely.  Consciousness 
is  usually  lost  about  half  to  one  minute  after  changing  to  the  Rendle's 
mask.  If  the  vapour  has  not  been  gradually  increased,  or  if  the  patient 
is  hysterical  or  alcoholic,  excitement  or  struggling  may  appear  early  in 
the  second  stage ;  but  if  the  administration  has  been  skilfully  conducted, 
the  breathing  should  become  deeper  and  free  from  embarrassment.  If 
respiration  entirely  ceases  during  struggling,  the  mask  must  be  removed 
until  it  is  resumed.  Deep  and  easy  breathing  should  ensue  after  about 
one  and  a  half  minutes  of  the  Rendle's  mask.  When  it  occurs,  an  Ormsby's 
inhaler,  on  the  sponge  of  which  about  6  drms.  of  ether  have  have  pre- 
viously poured,  is  substituted  for  the  Eendle's  mask.  Should  deep  and  free 
breathing  not  occur,  rigidity  and  commencing  struggling  are  taken  as 
guides  to  change  to  ether.  The  ether  will  produce  considerable  reflex 
changes  in  respiration,  and  it  is  best  not  to  apply  the  inhaler  too  tightly 
for  the  first  few  breaths.  After  this  time  it  can  be  made  air-tight  upon 
the  face,  and  even  strong  patients  will  soon  be  amesthetised  to  the 
surgical  degree. 

Care  should  be  taken,  in  the  foregoing  three  methods  of  inducing 
anaesthesia,  to  make  the  first  stage  as  comfortable  for  the  patient,  and  the 
second  stage  as  short,  as  possible.  Having  once  begun  the  administration, 
no  air  free  from  anaesthetic  vapour  should  be  given  until  the  patient  is 
well  under,  unless  it  is  demanded  by  danger  of  asphyxia. 

Ether  anaesthesia  having  been  induced,  can  be  maintained  either  by  a 
Clover's  or  an  Ormsby's  inhaler.  Only  in  children  or  patients  suffering 
from  extreme  disease  or  weakness  can  the  "  open  "  administration  of  ether, 
as  from  a  Rendle's  mask,  be  satisfactorily  conducted.  Ormsby's  inhaler 
consists  of  a  face-piece  which  can  be  made  air-tight  upon  the  face,  and  a 
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bag  in  and  out  of  which  the  patient  breathes.  The  ether  is  poured  upon 
a  sponge  contained  in  a  wire  cage  which  the  respirations  directly 
traverse.  It  is  simple  in  construction,  there  is  a  free  air-way,  it  is  easy 
to  use,  and  a  very  strong  vapour  can  be  obtained  from  it.  The  strength 
of  vapour  given  off  can  be  readily  gauged  by  the  administrator,  and  it  is 
easy  to  refill.  For  these  reasons  Ormsby's  inhaler  is  the  best  for  main- 
taining ether  anesthesia.  The  sponge  must  be  kept  thoroughly  wet  with 
ether  by  adding  2  to  4  drms.  whenever  the  vapour  is  not  very  strong. 
If  the  sponge  freezes,  it  should  be  wrung  out  in  hot  water. 

Since  such  large  quantities  of  ether  are  necessary,  it  is  very  important 
that  the  drug  be  of  the  best  quality.  Many  ethers  in  common  use  have 
a  distinctly  unpleasant  odour,  and  no  doubt  contain  injurious  impurities. 
After  using  many  brands  of  ether,  I  am  quite  clear  that  most  of  the  ethers 
on  the  market  cause  an  unnecessary  amount  of  difficulty  in  administration, 
spasm,  cough,  increased  secretion,  and  cyanosis,  and  that  they  are  also 
often  responsible  for  much  after-vomiting,  and  in  some  cases  for  depression. 
The  best  ether  I  know  is  Bobbins'  anhydrous  ether,  sp.  gr.  O720. 

The  symptoms  of  a  patient  under  ether  in  the  third  stage  are 
stertorous,  regular  respiration,  diminution  or  absence  of  the  lid  reflex, 
slight  oscillation  or  fixation  of  the  globes,  and  more  or  less  flaccid  muscles. 
The  colour  is  heightened,  perspiration  often  occurs,  and  the  ether  rash 
may  be  present.  Deep  anaesthesia  is  necessary  for  the  beginning  of 
the  operation,  because  it  is  often  the  most  painful  procedure,  because 
patients  rapidly  re-enter  the  second  stage  when  anaesthesia  has  only  just 
been  produced,  and  because  the  anaesthetist  cannot  readily  estimate  the 
degree  of  narcosis  so  early.  When  the  operation  begins,  the  patient 
usually  exhibits  some  reflex  phenomena,  such  as  a  change  in  the  character 
of  the  stertor,  due  to  muscular  contraction  in  the  throat,  an  increase  in 
the  depth  or  rate  of  respiration,  a  slight  dilatation  of  the  pupil,  or  an 
increase  in  the  excitability  of  the  corneal  reflex.  If  no  such  sign  appears, 
the  administration  should  be  suspended  for  a  time. 

During  ansesthesia  some  reflex  action  must  be  obtainable  throughout. 
The  anaesthetist  should  at  each  moment  have  evidence  both  that  narcosis 
is  not  too  profound  and  that  it  is  sufficient.  All  the  patient's  reflexes 
must  be  observed,  as  the  best  guides  in  any  particular  case  can  only  be 
determined  in  this  way ;  the  most  constant  and  reliable  are  the  reflexes 
connected  with  respiration.  If  a  patient  can  breathe  strong  ether  vapour 
fairly  freely  and  regularly,  he  is  well  in  the  third  stage.  While  coughing, 
straining,  swallowing,  and  laryngeal  spasm  will  be  usually  abolished,  the 
patient  should  be  kept  at  such  a  depth  of  narcosis  that  some  change  in 
respiratory  rhythm  is  always  elicited  upon  the  sudden  application  of  a 
strong  vapour  after  three  or  four  breaths  of  air  have  been  taken.  This 
change  in  rhythm  may  be  merely  a  hesitation  in  respiration,  or  a  slight 
catch  at  the  commencement  or  middle  of  expiration,  or  the  respiration 
may  merely  become  more  shallow  or  slower.  If  the  reflexes  are  almost 
gone,  the  change  may  not  occur  until  three  or  four  consecutive  breaths  of 
ether  have  been  taken.  If  no  change  occurs  during  five  respirations  after 
this  test  is  applied,  ten  or  more  breaths  of  air  should  always  be  given. 
Should  the  patient  be  too  lightly  under  when  a  fresh  supply  of  ether  is 
added,  and  violent  straining  or  coughing  occur,  an  alternation  of  single 
inspirations  of  air  and  ether  will  soon  overcome  these  conditions,  and 
enable  consecutive  breaths  of  ether  to  be  taken.  Generally  in  the 
strong,  five  breaths  of  ether  alternate  with  one  of  air  during  the  early 
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part  of  the  administration.  As  time  proceeds,  more  and  more  air  must 
be  given.  The  rate  and  depth  of  breathing  depend  chiefly  upon  the 
immediate  need  for  oxygen.  One  of  the  most  useful  indications  of  the 
degree  of  narcosis  is  the  character  of  the  stertor,  the  word  being  used  to 
include  all  noises  in  breathing.  Stertor  may  arise  in  many  situations, 
and  its  consideration  is  of  great  importance  during  anaesthesia,  since  it 
means  obstruction  to  respiration,  which  often  requires  treatment.  Two 
distinct  forms  of  stertor  have  directly  opposite  significations ;  for  when  due 
to  reflex  muscular  contraction  at  or  above  the  glottis  only  a  moderate 
depth  of  narcosis  is  indicated,  and  when  due  to  apposition  of  relaxed  soft 
structures,  a  fairly  deep  anaesthesia  is  known  to  exist.  Stertor  due  to 
relaxation  becomes  more  profound  and  obstructive  as  anaesthesia  becomes 
deeper;  but  stertor  due  to  tonic  muscular  action,  or  spasm,  when  well 
developed,  tends  to  continue  in  spite  of  considerable  variations  in  the 
depth  of  narcosis.  Much  experience  is  necessary  in  the  diagnosis  of  the 
causes  of  the  variations  in  stertor.  Sometimes  both  the  above-mentioned 
forms  exist  at  the  same  time.  Obstruction  due  to  reflex  stertor  is  relieved 
by  tongue-traction,  sometimes  by  propping  open  the  mouth;  and  that 
due  to  relaxation,  by  keeping  the  jaw  forward  and  the  head  extended, 
since  the  latter  is  nearly  always  due  to  the  contact  of  the  epiglottis  with 
the  posterior  wall  of  the  pharynx.  Phonation  may  be  present  with  good 
surgical  anaesthesia,  and  in  most  cases  is  of  little  use  as  a  guide.  The 
corneal  reflex  under  ether  can  be  mostly  kept  present  in  the  strong  after 
the  operation  has  once  begun,  and  some  degree  of  light  reflex  almost 
always.  The  pupil  is  often  of  great  use  as  a  guide.  For  the  first  ten 
minutes  it  is  unreliable,  after  which  an  attempt  should  be  made  to  keep 
it  as  small  as  is  consistent  with  a  proper  depth  of  anaesthesia.  Should 
the  patient  become  less  deeply  under,  reflex  dilatation,  in  response  to  the 
operation  or  to  the  irritation  of  the  vapour  itself,  will  occur.  This,  as  a 
rule,  indicates  too  light  an  anaesthesia.  When  large  doses  of  ether  are 
given,  toxic  dilatation  of  the  pupil  is  seen.  This  can  be  recognised  by 
sluggish  action  or  absence  of  the  light  reflex,  absence  of  the  corneal  reflex, 
and  other  signs  of  deep  anaesthesia.  The  pupil  may  dilate  from  direct 
irritation  of  the  sympathetic  system  during  the  operation,  and  in  very 
feeble  patients  the  toxic  effect  of  the  drug  takes  place  before  the  power 
of  reflex  dilatation  is  lost,  and  it  is  consequently  large  throughout. 
Asphyxia  causes  dilatation,  but  a  continuous  limitation  of  oxygen  short 
of  this,  such  as  is  seen  when  a  constant  and  considerable  obstruction 
exists  for  some  time,  causes  a  contracted  pupil.  Nystagmus  in  a  slight 
degree  is  usually  present  in  strong  patients.  If  anaesthesia  be  not  too 
profound,  it  may  be  excited  by  touching  the  globe  with  the  finger. 
Complete  muscular  relaxation  under  ether  is  difficult  to  attain  in  alcoholic 
or  muscular  patients,  and  a  change  of  anaesthetic  may  be  needed  for  this 
reason.  Rigidity  can  be  easily  estimated  by  attempting  to  open  the 
patient's  mouth,  as  the  masseters  are  amongst  the  last  muscles  to  become 
flaccid.  The  pulse,  which  was  increased  in  rate  during  the  first  and  second 
stages  to  perhaps  110  or  120,  usually  falls  to  80  or  90,  or  even  less  in 
strong  patients,  when  good  anaesthesia  is  attained.  But  it  generally 
remains  above  the  normal  rate  throughout.  Should  the  pulse  become 
increasingly  rapid,  haemorrhage  or  exhaustion  will  be  indicated. 

By  observing  the  foregoing  reflexes  the  patient  can  be  kept  at  the 
proper  depth  of  anaesthesia.  Usually  the  eye  symptoms  are  valuable 
guides,  although  cases  constantly  occur  in  which  absence  of  corneal  reflex, 
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a  fixed  globe,  and  a  moderately  large  pupil  are  necessary  for  a  proper 
degree  of  amusthesia.  Reflex  changes  in  respiration  and  the  reflexes 
connected  with  respiration  are  in  all  cases  the  most  important  indications, 
and  when  doubt  exists  they  should  always  be  appealed  to.  Considerable 
practice  is  required  to  appreciate  these  symptoms.  For  example,  only 
light  anaesthesia  may  exist,  and  yet  a  reflex  change  in  breathing  may  not 
be  readily  elicited,  because  breathing  is  shallow.  Shallow  breathing 
usually  indicates  a  light  anaesthesia,  but  it  may  also  occur  from  an  over- 
dose. Other  signs  easily  distinguish  the  two  conditions. 

It  is  most  important  to  give  no  larger  dose  of  ether  than  is  required, 
as  the  after-effects  are  thereby  increased  in  severity.  After  the  patient 
has  once  been  deeply  anaesthetised,  the  continual  aim  of  the  administrator 
should  be  to  give  as  little  as  will  suffice  for  the  particular  case.  Dangerous 
after-depression  may  occur  from  neglecting  this  precaution  in  weakly 
patients,  and  the  likelihood  of  pulmonary  and  renal  sequelae  is  certainly 
also  increased. 

I  believe  the  best  way  of  anaesthetising  young  children  is  to  administer 
the  A.C.E.  mixture  upon  a  Skinner's  mask  and  then  upon  a  Rendle's  mask, 
as  described  above.  When  the  vapour  from  the  Rendle's  mask  is  breathed 
fairly  freely,  without  swallowing  or  straining,  2  or  3  drms.  of  ether  are  added 
to  the  sponge.  Reflex  embarrassment  of  breathing  will  be  excited,  but  in 
half  a  minute  or  so  it  will  again  become  free  and  regular ;  this  occurring, 
a  fresh  sponge,  upon  which  1  to  3  drms.  of  ether  are  poured,  is  substituted 
for  the  former  sponge,  and  the  administration  proceeds  with  pure  ether 
from  the  Rendle's  mask  as  long  as  may  be  necessary.  A  fresh  supply  of 
ether  is  added  to  the  sponge  whenever  the  vapour  becomes  weak,  and  if 
the  sponge  freezes  it  is  changed.  The  only  certain  guide  in  children  is 
the  degree  of  excitability  of  the  reflexes  connected  with  respiration. 
When  this  method,  which  I  have  described  more  fully  elsewhere,  is  used, 
some  of  these  reflexes  must  be  slightly  present  throughout  the  adminis- 
tration. The  corneal  reflex  in  young  children  is  useless,  being  imperfectly 
developed ;  and  flaccidity  is  usually  an  unreliable  guide,  being  often  com- 
plete in  shallow  narcosis.  Except  in  the  very  feeble,  the  pupil  can  be 
kept  contracted  throughout. 

The  difficulties  of  maintaining  ether  anaesthesia  are  nearly  all  connected 
with  obstructed  breathing.  In  many  cases  it  is  necessary  to  keep  the 
lower  jaw  pushed  forward  from  the  angle  during  the  whole  administration, 
with  the  head  on  the  side  and  extended.  It  is  sometimes  necessary  to 
open  the  mouth  and  to  insert  a  prop  to  keep  it  open.  Obstruction  due  to 
spasm  very  rarely  gives  trouble,  because  of  the  stimulating  properties  of 
ether.  Tongue-traction  lessens  or  overcomes  it.  Should  breathing  be  so 
obstructed  that  constant  tongue-traction  is  required,  an  ether  inhaler 
cannot  be  used,  and  chloroform  must  be  substituted.  Difficulties  in  the 
use  of  ether  are  worst  during  the  first  part  of  the  administration.  As 
time  goes  on  they  diminish.  The  amount  of  ether  administered  should 
be  gradually  but  considerably  lessened.  After  a  long  operation,  and 
particularly  if  haemorrhage  has  been  considerable,  even  consciousness  can 
be  permitted  to  return  during  the  suturing,  without  pain  being  felt.  In 
diminishing  the  dose  of  ether  a  strong  vapour  should  still  be  used, 
because  of  the  information  it  affords  to  the  administrator,  but  it  should  be 
only  applied  for  a  breath  or  two,  as  required.  In  children,  after  twenty 
minutes'  administration,  two  breaths  of  such  a  vapour  may  often  alternate 
with  four  or  six  breaths  of  air ;  but  in  strong  men,  even  after  an  hour's 
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administration,  a  strong  ether  vapour  will  sometimes  be  needed  for  four- 
fifths  of  the  time.  The  chief  danger  of  ether  is  asphyxia  from  obstruction 
or  from  overdose.  Ether  can  be  used  with  almost  certain  safety  in 
healthy  patients  whose  air-channels  are  normal. 

THE  ADMINISTRATION  OF  A.C.E.  MIXTURE. 

This  mixture  is  composed  of  absolute  alcohol  one  part,  chloroform  two 
parts,  and  ether  three  parts.  The  alcohol  assists  the  mixing  of  the  other 
ingredients.  Heat  is  evolved  in  this  process,  and  a  slight  diminution  in 
bulk  occurs.  As  it  takes  an  equal  time  for  these  proportions  of  the 
drugs  to  volatilise,  it  was  hoped  that  a  vapour  of  constant  composition 
might  be  provided.  In  practice,  however,  after  a  sponge  containing  the 
mixture  has  been  breathed  through  for  some  time,  chloroform  largely 
predominates  in  the  vapour  given  off.  This  is  counteracted  by  continually 
adding  small  quantities  to  the  inhaler. 

Physiologically  the  mixture  is  diluted  chloroform,  and  consequently 
must  never  be  given  by  close  methods.  The  amount  of  ether  present  has 
only  a  simulant,  not  a  narcotic  action.  The  dangers  that  may  accompany 
the  induction  of  anaesthesia  by  chloroform  are  very  rarely  encountered 
with  the  mixture.  I  know  of  only  one  case  in  which  struggling  and  held 
breath,  late  in  the  second  stage,  led  to  a  sudden  fatal  syncope.  In 
enfeebled  subjects  the  mixture  may  be  given  upon  a  Skinner's  mask  or  a 
single  layer  of  material  throughout,  but  commonly  Rendle's  mask  is  used. 
The  administration  begins  as  already  described.  At  the  time  when  a 
change  to  ether  would  be  made  in  the  method  previously  described,  \  drm. 
A.C.E.  should  be  added  to  the  sponge,  and  an  additional  |  drm.  should  be 
added  every  few  minutes  throughout  the  administration.  The  sponge 
should  be  changed  for  a  fresh  one  every  twenty  minutes  or  so,  in  order 
that  the  vapour  may  be  kept  uniform.  If  at  any  time  the  inhaler  smells 
of  chloroform,  1  drm.  of  ether  may  be  added  instead  of  the  |  drm.  of  the 
mixture ;  in  fact,  in  weakly  patients  it  is  a  good  plan  to  alternate  additions 
of  the  mixture  and  ether  towards  the  close  of  the  administration. 
Excitement  in  the  second  stage  is  less  common  than  with  chloroform ;  but 
if  breathing  is  suspended,  a  breath  of  air  must  be  given  before  proceeding 
with  the  anaesthetic.  As  the  patient  reaches  the  third  stage  he  will 
exhibit  the  symptoms  formerly  noted,  but  his  respiration  will  be 
less  deep  and  rapid,  his  colour  less  pronounced,  and  his  pupil  usually 
smaller,  than  with  ether.  In  maintaining  a  proper  depth  of  anaesthesia, 
respiration  is  the  most  constant  guide ;  it  should  be  audible  and  stertorous. 
Quiet  and  shallow  breathing  indicates  an  insufficient  depth,  or  an  overdose. 
The  degrees  of  excitability  of  the  reflexes  connected  with  respiration, 
while  usually  recognisable,  are  not  so  obvious  as  when  ether  is  used  ;  but 
when  the  anaesthesia  produced  by  the  mixture  becomes  more  profound,  the 
stertor  always  changes  its  degree,  and  often  its  character.  As  anesthesia 
becomes  less  deep,  stertor  usually  disappears.  By  carefully  listening  to 
each  breath,  which  by  practice  can  be  done  without  effort,  the  administrator 
knows  when  to  give  and  when  to  withhold  the  mixture.  The  eye 
symptoms  are  also  useful,  and  are  the  same  as  already  described  in 
discussing  ether.  When  doubt  exists  as  to  the  degree  of  anaesthesia 
present,  the  immediate  effect  of  a  strong  ether  vapour  suddenly  applied 
will  at  once  settle  the  question.  This  need  not  be  breathed :  it  is  only  used 
to  test  the  laryngeal  reflexes. 
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When  an  overdose  is  carefully  avoided  by  keeping  evidence  of  reflex 
action  present,  this  mixture  is  an  exceedingly  useful  and  safe  anaesthetic, 
but  impairments  of  circulation  occasionally  occur,  apart  from  haemorrhage 
or  exhaustion,  which  is  not  the  case  with  ether.  The  chief  factor  which 
contributes  to  such  conditions  is,  as  with  chloroform,  inefficient  respiration. 
It  is  more  essential  for  the  patient's  safety  that  the  breathing  be  constantly 
efficient  with  A.C.E.  than  with  ether ;  and  as  its  efficiency  is  not  so  easy  to 
estimate,  since  no  bag  is  used,  additional  attention  should  be  paid  to  the 
sound.  The  difficulties  encountered  with  A.C.E.  are  considerably  less  than 
with  ether.  Troublesome  reflexes  (e.g.  coughing)  demand  an  increase  in 
the  depth  of  anaesthesia.  Obstructions  to  breathing  should  be  removed  as 
far  as  possible  when  they  occur ;  and  if  the  breathing  is  feeble  or  the 
colour  pale,  the  patient  should  be  stimulated  by  friction  of  the  cheeks  and 
lips. 

The  foregoing  description  applies,  in  the  main,  to  all  mixtures  which 
contain  chloroform.  The  A.C.E.  mixture  is  the  best  of  these.  To  use  any 
such  mixture  safely,  the  action  and  mode  of  use  of  pure  chloroform  must 
be  understood. 

THE  ADMINISTRATION  OF  CHLOROFORM. 

Chloroform  is  the  strongest  anaesthetic  we  employ,  and  may  produce 
sudden  death  if  given  in  too  concentrated  a  vapour.  The  air  breathed 
should  never  contain  more  than  4  per  cent,  of  its  vapour.  No  complicated 
apparatus  is  needed  for  its  administration,  the  most  essential  point  of 
which  is  to  insure  a  perfectly  free  supply  of  air  throughout. 

Chloroform  in  moderate  doses  is  a  stimulant  to  the  vasomotor  centre, 
but  from  the  first  it  acts  as  a  poison  to  the  heart  muscle.  Owing  to  this 
fact,  danger  may  arise  in  many  ways.  Excessive  terror  before  loss  of 
consciousness,  one  or  two  breaths  of  an  unduly  strong  vapour,  gradual 
over-dosage,  the  act  of  vomiting,  shock  during  imperfect  anaesthesia,  and 
faulty  position,  may  all  cause  fatal  symptoms  to  appear  suddenly.  But 
the  most  frequent  factor  in  the  production  of  symptoms  of  danger  is 
diminished  oxygenation  of  the  blood.  During  imperfect  anaesthesia 
respiration  is  often  inefficient  from  struggling,  particularly  in  the  strong, 
and  obstructive  spasm  may  often  occur  from  too  powerful  a  vapour. 
Certainly  more  than  half  the  cases  of  danger  under  chloroform  occur 
during  light  anaesthesia.  During  deep  narcosis,  several  forms  of  obstruc- 
tion may  also  arise,  which  the  force  of  respiration  is  too  feeble  to 
completely  compensate.  The  fact  that  a  large  proportion  of  deaths  from 
chloroform  occur  in  healthy  patients,  should  never  be  forgotten  ;  and  when 
the  drug  is  demanded  for  such  patients,  anaesthesia  should  be  first  induced 
with  ether. 

The  administration  of  chloroform  is  best  effected  from  a  Skinner's 
mask,  or  other  single  layer  of  porous  material.  In  hot  climates  two  layers 
of  material  may  be  necessary.  The  mask  is  placed  over  the  patient's  nose 
and  mouth,  but  the  administration  should  not  begin  till  the  patient  can  be 
induced  to  breathe  freely  and  regularly.  Then  a  drop  of  chloroform  is 
placed  upon  the  mask,  and  each  few  seconds  another  drop.  After 
several  drops  the  increase  can  be  made  more  rapidly,  one  drop  every  two 
seconds  being  added,  until  an  area  not  larger  than  the  palm  of  the  patient's 
hand  is  visibly  wet.  A  gradual  increase  in  the  early  stages  is  adopted  to 
avoid  embarrassments  of  respiration ;  should  these  arise,  the  increase  must 
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be  slower.  After  the  required  area  is  wet,  it  should  be  kept  so  by  frequent 
dropping,  but  never  allowed  to  increase  in  size.  The  anaesthetist  should 
by  every  means  in  his  power  allay  apprehension  on  the  part  of  the  patient ; 
and  if  he  employs  a  very  mild  vapour  at  first,  increasing  the  strength  so 
steadily  that  it  may  be  easily  inhaled,  the  first  stage  should  not  be 
unpleasant  to  the  patient.  In  the  second  stage,  a  uniform  and  free 
exhibition  of  the  drug  should  be  practised,  and  the  third  stage  reached  as 
quickly  as  is  consistent  with  safety.  Excitement  is  more  common  than  in 
any  of  the  methods  of  inducing  anaesthesia  previously  described,  but  the 
administration  should  not  vary  so  long  as  respiration  proceeds  fairly 
satisfactorily.  If  the  breath  is  held,  the  mask  must  be  at  once  removed  a 
little  distance  from  the  face,  to  be  applied  again  directly  breathing 
recommences.  Very  deep  respiration  after  suspension  for  some  seconds 
is  a  special  source  of  danger  when  the  mask  is  kept  closely  applied,  for 
chloroform  vapour,  because  of  its  weight,  may  collect  under  the  mask,  and 
the  succeeding  deep  inspirations  may  contain  a  dangerous  percentage. 
The  pulse  and  respiration  are  usually  accelerated,  and  the  pupils  are 
large  during  the  stage  of  excitement.  Whether  irregularities  of  respira- 
tion will  be  troublesome  or  not  during  the  second  stage,  depends 
principally  upon  the  degree  of  success  with  which  the  administrator  has 
obtained  mental  quiescence,  voluntary  flaccidity,  and  regular  breathing  in 
the  first  stage.  Too  strong  a  vapour  may  cause  reflex  laryngeal  spasm. 
As  the  administration  proceeds,  the  breathing  becomes  regular,  deeper,  and 
stertorous  from  relaxation  of  the  structures  in  the  air-channels.  When 
this  occurs  after  excitement,  a  little  air  should  invariably  be  given,  for  too 
large  a  dose  may  be  taken  if  this  is  not  done ;  and  there  is  no  fear  of  a 
return  to  the  second  stage  if  only  two  or  three  breaths  of  air  be  given, 
since  the  vapour  already  in  the  lungs  will  further  increase  the  depth  of 
anaesthesia  when  it  reaches  the  brain.  After  the  air,  the  administration 
of  the  chloroform  is  steadily  continued,  although  the  rate  of  dropping  need 
be  only  about  half  as  great  as  during  the  induction. 

The  third  stage  is  known  to  be  present  by  regular,  stertorous  respira- 
tion, and  absence  of  the  corneal  reflex ;  while  the  globes,  which  have 
been  moving,  become  fixed,  or  move  only  slightly,  often  independently  of 
each  other.  The  pupils  become  moderately  small.  The  colour  is  rarely 
heightened,  being  usually  slightly  paler  than  normal.  Deep  anaesthesia 
must  be  present  for  the  beginning  of  the  operation,  to  avoid  reflex 
effects  upon  the  circulation.  While  the  patient  is  kept  at  this  proper 
depth  by  steady  administration,  the  respiration  will  keep  regular  and 
the  colour  fair.  Obstruction  to  respiration,  recognised  by  the  character 
of  the  stertor,  is  much  less  than  with  ether ;  but  the  respiration  itself 
is  more  feeble.  The  most  important  guide  to  the  depth  of  narcosis  is 
the  character  of  the  stertor.  With  an  increase  of  depth  stertor  becomes 
more  profound,  while  the  breathing  becomes  feebler  and  slower,  unless 
the  demand  for  oxygen  is  considerable.  Quieter  breathing,  strong  corneal 
reflex,  increased  movement  of  the  eyeballs,  the  action  of  reflexes  connected 
with  respiration,  such  as  swrallowing,  interruptions  in  expiration,  or  spasm, 
all  indicate  that  more  chloroform  should  be  given. 

Spasm  is  rarely  difficult  to  overcome  after  the  third  stage  has  been 
reached,  as  the  mucous  membrane  becomes  accustomed  to  the  vapour; 
when  it  occurs,  it  is  either  reflex  to  the  operation  or  to  a  sudden  increase 
in  the  strength  of  vapour.  It  causes  a  characteristic  crowing  inspiratory 
stridor.  If  anaesthesia  is  known  to  be  not  very  deep,  the  treatment  is  to 
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cautiously  and  gently  induce  a  greater  depth ;  while,  should  the  respiration 
be  much  hampered,  the  jaw  must  be  pushed  forward  and  a  prop  inserted 
in  the  mouth.  If  the  efficiency  of  breathing  is  not  thereby  restored,  tongue- 
traction  must  be  immediately  employed.  Should  a  doubt  exist  as  to  the 
depth  of  narcosis  when  spasm  occurs,  the  mask  must  be  removed  for 
several  breaths  until  the  corneal  retiex  reappears,  measures  to  keep  respira- 
tion efficient  being  taken  at  the  same  time.  If  spasm  persists,  a  change 
to  ether  for  a  time  will  stimulate  the  respiration  and  overcome  it,  when 
chloroform  may  be  resumed  if  necessary.  A  noise  very  like  that  pro- 
duced by  spasm  of  the  glottis,  for  which  it  is  often  mistaken,  not 
uncommonly  arises  in  deep  narcosis,  and  demands  immediate  removal 
of  the  chloroform,  and  tongue-traction.  This  was  first  described  by 
Lister,  and  is  due  to  the  approximation  of  the  lower  ends  of  the  aryteno- 
epiglottidean  folds.  Why  this  form  of  obstruction  does  not  cause  trouble 
under  ether,  is  probably  because  the  increased  force  of  the  respiration 
overcomes  it :  under  chloroform  it  may  cause  such  obstruction  in  deep 
anaesthesia  as  to  lead  to  sudden  syncope.  Stertor  due  to  the  epiglottis, 
which  so  often  demands  treatment  under  ether,  is  rarely  troublesome 
with  chloroform,  doubtless  because  of  absence  of  swelling  of  the  mucous 
membrane ;  and  the  same  is  true  of  obstruction  due  to  mucus.  One  of 
the  most  remarkable  facts  in  the  use  of  chloroform  is  that  a  slight  and 
constant  degree  of  obstruction  to  respiration  is  a  desirable  condition. 
When  such  exists,  the  respiration  keeps  strong  and  regular,  the  pupil 
small,  and  the  pulse  good. 

Bellamy  Gardner  has  published  cases  showing  the  stimulant  effects 
of  continued  slight  obstruction  in  chloroform  narcosis.  This  may  be 
artificially  produced,  in  quiet  and  feeble  breathing,  by  gently  pressing  the 
chin  backwards  until  snoring  occurs ;  as  is  recommended  by  Hewitt. 

It  is  necessary  to  abolish  the  corneal  reflex  for  the  greater  part  of  the 
operation  in  the  majority  of  cases.  The  pupil  is  often  a  most  useful  guide. 
While  extreme  degrees  of  toxic  dilatation  must  be  avoided,  a  very  small 
pupil  indicates  too  shallow  a  narcosis,  and  demands  more  chloroform. 
The  circulation,  like  the  respiration,  keeps  good  if  the  proper  depth  of 
amesthesia  be  maintained.  With  too  deep  or  too  shallow  a  narcosis  it 
becomes  impaired.  The  pulse  need  only  be  felt  occasionally,  for  the  colour 
is  the  best  guide.  When  proper  anaesthesia  is  attained,  the  pulse  becomes 
usually  a  little  slower  than  the  normal.  If  it  becomes  much  slower,  too 
great  a  depth  is  indicated ;  and  if  it  becomes  rapid,  haemorrhage  or  exhaus- 
tion will  probably  be  the  cause.  The  force  of  the  pulse  is  no  indication 
of  the  work  done  by  the  heart,  because  of  the  stimulant  effect  that  chloro- 
form has  upon  the  vasomotor  centre. 

Because  the  globes  are  usually  fixed  and  the  corneal  reflexes  abolished, 
while  chloroform  vapour  is  not  a  sufficient  stimulus  to  provide  constant 
information  as  to  the  condition  of  the  reflexes  connected  with  respiration, 
it  is  often  difficult  to  exactly  gauge  the  degree  of  narcosis.  In  cases  of 
doubt  a  strong  ether  vapour  should  be  applied  for  one  inspiration  ;  such  an 
amount  can  do  no  harm,  even  if  inspired  in  grave  conditions  which  forbid 
the  use  of  ether,  and  it  will  afford  certain  information.  The  colour  should 
not  be  too  bright,  as  too  light  an  amesthesia  is  thereby  indicated.  As  very 
deep  narcosis  occurs,  it  tends  to  become  dusky  ;  but  if  the  depth  increases 
rapidly,  pallor  usually  appears.  Pallor  is  also  sometimes  seen  if  the 
anaesthesia  is  too  light ;  in  this  condition  an  increase  of  dose  is  necessary. 
If  the  narcosis  becomes  too  shallow,  the  vomiting  reflex  may  act,  and  danger 
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may  thus  arise.  Before  vomiting  takes  place,  pallor  with  faint  respiration 
appears,  followed  by  some  cyanosis  and  a  rapid  pulse ;  while  the  pupil, 
which  has  usually  been  small,  often  dilates  widely.  After  vomiting  there 
is  usually  a  quick  return  of  colour  and  a  good  pulse,  but  the  condition 
may  pass  into  syncope.  When  vomiting  threatens,  more  chloroform  is 
demanded  ;  but  it  must  be  given  cautiously,  and  the  respiration  should  be 
stimulated  when  necessary  by  friction  of  the  lips  and  cheeks. 

The  all-important  point  in  chloroform  administration  is  to  maintain 
efficient  breathing.  This  can  only  be  assured  by  constant  attention  to  the 
way  in  which  respiration  is  performed.  The  movements  of  the  chest  and 
abdomen  under  any  anajsthetic  are  useless  as  indications  to  the  actual 
efficiency  of  breathing  after  the  first  stage  is  passed.  With  chloroform  the 
efficiency  of  the  breathing  is  estimated  by  the  sound.  Chiene's  teach- 
ing, that  "every  respiration  of  the  patient  should  be  recorded  upon  the 
tympanum  of  the  administrator,"  exactly  conveys  what  is  needed.  After 
the  foregoing  description,  it  seems  to  be  necessary  to  remark  that  with  care 
in  insuring  proper  respiration,  and  the  exhibition  of  chloroform  without 
limit  so  long  as  the  risk  of  a  dangerous  percentage  is  avoided,  and  so 
long  as  the  administration  ceases  when  deep  anaesthesia  is  produced, 
chloroform  may  be  used  for  the  large  majority  of  cases  without  danger. 
Unfortunately,  a  knowledge  of  the  various  dangers  is  apt  to  lead  to 
timidity  in  practice,  and  hence  to  produce  danger. 

The  advantages  of  inducing  anaesthesia  with  ether  before  employing 
chloroform  have  already  been  stated.  The  administration  of  chloro- 
form should  not  begin  when  the  patient  is  very  deeply  under,  and  it  is 
essential  to  recognise  that  the  deep  respiration  of  ether  will  enable  him 
to  rapidly  absorb  a  dangerous  dose  if  much  be  given.  The  quantity  should 
therefore  be  small  until  the  various  reflexes  become  a  little  stronger,  when 
it  may  be  gradually  increased.  I  have  twice  seen  cessation  of  respiration 
from  neglect  of  this  precaution.  In  both  cases  pressure  upon  the  chest 
caused  its  resumption.  When  chloroform  is  given  after  ether,  reflex 
changes  in  respiration  are  generally  available  as  guides  to  the  depth,  even 
though  the  corneal  reflex  be  abolished. 

In  operations  on  the  upper  air-passages,  chloroform  is  given  from  a 
Junker's  apparatus  while  the  operation  proceeds.  This  consists  of  a  bottle 
containing  the  drug,  through  which  air  is  pumped.  The  efferent  tube 
may  be  placed  in  the  mouth,  nose,  or  in  a  tracheotomy  tube.  Two  dangers 
must  be  avoided  in  its  use.  If  the  tubes  are  transposed  at  their  attach- 
ments to  the  mount  on  the  bottle,  or  if  the  bottle  is  accidentally  so  tilted 
that  liquid  chloroform  runs  into  the  efferent  tube,  compression  of  the  bellows 
will  squirt  the  liquid  into  the  air-passages.  Deaths  have  happened  from 
both  these  causes.  It  is  also  necessary  to  remember  that  pumping  rapidly 
reduces  the  temperature  of  the  chloroform,  and  therefore  the  strength  of 
the  vapour.  The  apparatus  is  therefore  not  to  be  recommended  for  in- 
ducing anaesthesia,  especially  in  the  strong.  Flux  has  recently  invented 
an  apparatus  which  provides  a  vapour  similar  to  that  from  a  Junker, 
without  the  possibility  of  the  above-mentioned  dangers.  The  air  is  drawn 
through  a  metal  bell,  packed  with  lamp-wick  upon  which  chloroform  has 
been  poured.  The  apparatus  is  especially  suitable  for  use  in  normal 
labour,  for  it  can  lie  in  the  bed,  while  the  patient  herself  compresses  the 
bellows  as  desired. 

To  use  Junker's  apparatus  in  mouth  and  nose  operations,  the  anaesthetist 
should  first  observe  whether  the  patient  is  breathing  through  the  nose  or 
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mouth.  When  the  tube  is  in  the  mouth  it  is  sometimes  necessary 
to  prevent  nose  breathing  by  plugging  the  anterior  nares.  Amesthesia 
should  be  induced  with  ether,  and  the  operation  should  be  begun  before 
chloroform  is  given ;  then,  as  the  reflexes  return,  pumping  should  begin. 
The  administrator  should  pump  during  inspirations  only.  Some  reflex 
change  in  respiration  should  be  obtainable  throughout.  Pumping  must 
never  continue  while  respiration  is  suspended,  lest  the  heavy  vapour 
accumulate  in  the  back  of  the  throat.  In  strong  and  alcoholic  men  it  is 
often  difficult  to  give  enough  from  Junker's  apparatus  to  avoid  movement, 
and  it  may  be  necessary  to  suspend  the  operation  for  a  few  minutes  in  order 
that  a  more  profound  narcosis  may  be  attained  from  Skinner's  mask.  With 
children,  after  ether  has  been  used,  a  sufficiently  strong  chloroform  vapour 
is  often  provided  by  holding  the  tube  outside  the  mouth,  and  only 
partially  compressing  the  bellows  during  each  alternate  inspiration. 

Complete  flaccidity  is  often  difficult  to  obtain  in  strong  and  alcoholic 
patients,  particularly  in  abdominal  surgery.  The  use  of  morphine  before 
chloroform  is  the  best  way  of  insuring  this,  but  additional  care  is  needed 
to  prevent  cessation  of  respiration  from  an  overdose.  Inspiration  is 
usually  quiet  and  often  shallow,  sometimes  Cheyne-Stokes  in  character, 
and  paralysis  of  the  respiratory  centre  may  occur  while  the  circulation  is 
good.  In  this  event  prolonged  artificial  respiration  may  be  required.  The 
morphine  should  be  given  subcutaneously  about  twenty  minutes  before  the 
operation ;  and  after  the  operation  has  been  begun,  abundant  evidence  of 
the  presence  of  reflexes  must  be  kept.  The  corueal  reflex  is  often  fairly 
brisk  while  perfect  flaccidity  is  present.  In  a  paper  published  elsewhere, 
I  deprecated  this  method  because  of  the  danger  of  respiratory  failure,  but 
after  further  experience  I  now  believe  that  that  danger  may  be  prevented 
by  carefully  regulating  the  amount  of  chloroform.  The  method  is  of 
value  in  cerebral  surgery,  as  congestion  is  lessened  by  its  use.  It  should 
not  be  employed  when  much  haemorrhage  is  anticipated,  for,  in  a  patient 
thus  weakened,  the  morphine  in  the  tissue  may  prove  an  overdose. 

When  one  or  more  of  the  causes  of  danger  already  mentioned  exist, 
symptoms  of  danger  under  chloroform  often  appear  suddenly.  These 
symptoms  may  be  either  cessation  of  respiration,  with  pallor  or  slight 
duskiness  while  the  pulse  is  still  to  be  felt ;  blanching,  with  cessation  of 
cardiac  action  before  breathing  actually  ceases  ;  or  simultaneous  cessation 
of  circulation  and  respiration.  In  either  event,  unless  treatment  is  at  once 
effective,  the  face  rapidly  assumes  the  grey  and  livid  appearance  of  death, 
the  pupil  widely  dilates,  and  the  cornea  becomes  glazed.  In  whichever 
manner  symptoms  of  actual  danger  appear,  there  are  the  strongest 
physiological  grounds  for  believing  that  the  condition  is  really  one  of 
syncope,  due  to  weakness  of  the  heart  muscle.  Should  respiratory  failure 
occur  first,  it  is  caused  by  the  centre  ceasing  to  act  owing  to  the  small 
amount  of  blood  it  receives  from  the  ineffective  heart. 

Obstructed  respiration  beyond  a  slight  degree,  especially  if  it  appears 
suddenly  or  increases  rapidly,  cyanosis,  marked  pallor  occurring  suddenly 
or  obviously  increasing,  very  slow,  very  rapid,  or  irregular  pulse,  and 
very  large  pupils,  are  all  indications  that  danger  is  near.  Feebleness  of 
the  expirations  is  a  warning  of  danger,  and  should  be  treated  by  with- 
holding the  chloroform  and  compressing  the  lower  ribs.  Abdominal 
respiration,  as  Snow  observed,  may  be  apparently  deep  but  really  in- 
efficient, because  of  flaccidity  of  the  muscles  that  should  fix  the  ribs. 
This  demands  a  light  anaesthesia  and  stimulation  by  rubbing  the  lips  and 
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cheeks.  Kespiration  often  becomes  short  and  gasping  just  before  it  ceases. 
Moderate  pallor  is  usual  in  lengthy  administrations,  but  cyanosis  always 
demands  treatment  by  the  removal  of  obstructions  to  respiration,  and  a 
more  shallow  narcosis.  The  colour  is  best  observed  in  the  lips  and  ears. 
With  the  A.C.E.  mixture,  and  when  chloroform  is  given  after  ether, 
there  is  more  warning  of  the  approach  of  danger  than  when  chloroform 
has  been  given  throughout. 

To  avoid  danger,  the  first  essential  is  uniformly  efficient  breathing, 
and  the  second  a  uniformly  proper  depth  of  narcosis,  particularly  in 
certain  operations.  Considerable  obstructions  to  respiration  must  be 
removed  or  lessened  as  they  arise.  But  the  respiratory  centre  is 
stimulated  by  a  very  slight  and  constant  degree  of  imperfect  oxygeuation 
of  the  blood,  such  as  arises  from  that  amount  of  obstruction  which  causes 
the  snoring  of  deep  sleep,  and  circulation  is  assisted  by  the  increased 
force  of  the  breathing  which  occurs  in  this  state.  The  sitting  position 
should  never  be  adopted  for  the  administration  of  chloroform  unless  the 
patient  has  been  deeply  anaesthetised  by  ether  first,  and  then  only  to 
maintain  anaesthesia  for  a  few  minutes. 

After-effects  of  ether  and  chloroform. — Some  nausea  and  discom- 
fort usually  follows  all  but  the  shortest  administrations,  and  headache 
may  be  experienced.  Vomiting  occurs  more  commonly  after  ether  than 
after  chloroform,  but  as  a  rule  does  not  persist.  It  is  often  over  before 
the  power  of  memory  is  regained.  After  chloroform,  vomiting  may  begin 
later,  and  occasionally  is  prolonged  and  even  dangerous.  When  vomiting 
requires  treatment,  frequent  sips  of  very  hot  water  are  usually  efficacious. 
This  failing,  a  tumbler  of  hot  water  containing  20  grs.  of  sodium 
bicarbonate  should  be  given,  when  often  not  only  sickness  but  nausea  will 
cease.  In  troublesome  vomiting,  hydrocyanic  acid,  tincture  of  iodine,  an 
enema  containing  bromide  of  potassium,  frequent  sips  of  dry  champagne, 
or  a  mustard  leaf  to  the  epigastrium,  may  be  tried.  If  symptoms  of 
exhaustion,  haemorrhage,  or  collapse  are  present,  the  patient  should  be 
kept  warm  with  hot  bottles,  the  foot  of  the  bed  raised,  an  enema  of 
3  oz.  of  hot  strong  coffee  with  \  oz.  of  brandy  administered,  and  a  binder 
firmly  applied  to  the  abdomen.  Strychnine  should  be  freely  given 
hypodermically.  If  in  these  conditions  the  pulse  becomes  imperceptible, 
transfusion  of  saline  fluid  into  a  vein  or  into  the  cellular  tissue  should  be 
performed  until  the  pulse  becomes  good. 

Bronchitis  and  broncho-pneumonia  rarely  follow  the  administration  of 
ether,  very  rarely  that  of  other  anaesthetics.  With  care  in  avoiding  un- 
necessarily large  doses  of  ether,  and  in  avoiding  draughts  and  insuring  a 
warm,  constant  atmosphere  for  the  first  three  or  four  hours,  I  believe 
these  after-effects  will  hardly  ever  occur.  Considering  the  conditions  in- 
separable from  operations  in  hospitals,  the  only  wonder  is  that  they  do 
not  occur  oftener.  Slight  albuminuria  is  said  to  be  a  common  after-effect, 
but  it  usually  soon  disappears.  Haematuria,  nephritis,  and  uraemia  have  been 
rarely  observed  and  generally  after  ether.  Excitement  and  hysteria  are 
not  uncommon,  and  mental  derangements  have  occasionally  been  precipit- 
ated by  anaesthetics.  Very  rare  after-effects  are  jaundice,  paralysis,  and 
glycosuria. 

After  the  administration  the  patient  should  be  kept  horizontal,  and 
placed  in  bed  upon  his  side.  He  should  not  be  roused,  but  should  be 
watched  until  consciousness  returns,  lest  vomit  or  mucus  obstruct 
respiration.  The  after-effects  of  the  A.C.E.  mixture  seem  to  be  less 
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troublesome  than  those  of  either  ether  or  chloroform.  Nourishment  may 
usually  be  first  given  three  to  four  hours  after  an  anaesthetic,  when  there 
should  have  been  no  sickness  for  at  least  two  hours.  Clear  soup,  meat 
jelly,  a  cup  of  coffee,  or  iced  soda  and  milk,  should  be  employed.  If  for 
any  reason  food  cannot  be  given  by  the  mouth,  rectal  feeding  should  be 
resorted  to  without  delay. 

Treatment. — The  treatment  of  the  complications  of  anaesthesia  is  a 
matter  of  great  importance.  The  causation,  symptoms,  and  treatment 
of  most  of  the  complications  have  been  already  mentioned  in  the  pre- 
ceding pages.  Of  others,  tremor,  which  may  happen  under  ether  and 
is  often  associated  with  exposure,  should  be  met  by  an  increase  in  the 
depth  of  narcosis,  as  also  should  hiccough.  If  convulsions,  an  epileptic 
fit,  or  increasing  tonic  rigidity  should  appear  during  light  anaesthesia,  an 
abundant  supply  of  air  must  be  insured.  Fatalities  are  recorded  from 
spasmodic  rigidity  under  both  chloroform  and  ether,  death  happening 
because  the  rigid  fixity  of  the  chest  made  artificial  respiration  impossible. 
Should  this  condition  occur,  there  are  three  possible  means  of  relief.  The 
trachea  should  at  once  be  opened,  a  tube  or  catheter  attached  to  an  oxygen 
apparatus  introduced  some  little  distance,  and  a  continuous  strong  stream 
of  oxygen  supplied ;  while  the  diaphragm  should  be  rhythmically  stimu- 
lated by  placing  the  poles  of  a  strong  interrupted  current  over  the  lowest 
costal  cartilages,  one  on  each  side,  two  inches  from  the  end  of  the 
sternum ;  and,  these  measures  being  continued,  venesection  should  be 
performed. 

Obstructed  breathing  from  any  cause  may  lead  to  asphyxia,  or,  with 
chloroform,  to  syncope  before  breathing  ceases.  When  it  is  sufficient  to 
demand  treatment  and  the  cause  is  obscure,  the  following  should  be  the 
order  of  the  means  employed :  raising  the  chin,  pushing  the  lower  jaw 
forward  from  the  angles,  extension  of  the  head,  opening  the  mouth, 
forcible  tongue-traction,  exploring  the  throat  with  the  finger,  hooking 
forward  the  epiglottis,  endeavouring  to  introduce  the  finger-tip  between 
the  arytenoid  cartilages,  and  laryngotomy  or  tracheotomy.  During  long- 
continued  obstruction  to  breathing,  which  cannot  be  relieved  by  ordinary 
means,  the  pulse  is  a  factor  of  great  importance.  When  it  becomes  inter- 
mittent, as  Bellamy  Gardner  has  pointed  out,  laryngotomy  is  indicated. 
In  attempting  to  remove  foreign  bodies  the  patient  should  be  kept  partially 
inverted. 

When  serious  dyspnoea  is  present,  the  inhalation  of  oxygen  is  of  the 
greatest  value.  In  toxic  respiratory  failure  without  obstruction  to  breath- 
ing it  is  useless,  whether  this  be  due  to  syncope  or  to  paralysis  of  the 
respiratory  centre ;  indeed,  it  will  probably  do  harm,  by  causing  the 
respiratory  efforts  to  become  still  more  feeble,  and  so  retarding  elimina- 
tion, as  well  as  mechanically  impeding  circulation.  Vigorous  artificial 
respiration  is  the  treatment  for  that  condition.  The  rule  1  would 
formulate  is  that  whenever  the  respiratory  apparatus  is  making  obvious 
efforts  to  compensate  some  diseased  condition,  or  to  overcome  obstruction 
which  is  not  complete  but  cannot  be  removed,  and  at  the  same  time 
cyanosis  is  marked  and  increasing,  oxygen  should  always  be  given.  I 
have  seen  three  cases  in  which  I  believe  the  patient  was  saved  by  its 
use.  Two  were  cases  of  empyema,  the  third  was  an  enormous  abdominal 
tumour  with  orthopncea.  In  such  cases,  whenever  cyanosis  becomes 
pronounced,  a  few  breaths  of  oxygen  should  be  given  through  an  air-tight 
face-piece ;  and  when  the  colour  is  restored,  chloroform  can  be  resumed  as 
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required.     An  ordinary  gas  apparatus  with  an  oxygen  bottle  in  place  of 
the  nitrous  oxide  bottle  answers  perfectly  for  oxygen  administration. 

Slight  degrees  of  respiratory  feebleness  should  be  treated  by  brisk 
friction  of  the  lips  and  cheeks  with  a  towel ;  but  stoppage  of  respiration 
should  be  treated  at  once  by  artificial  respiration,  which  must  be  continued 
for  so  long  as  the  slightest  hope  remains.  One  person  should  devote 
himself  entirely  to  keeping  a  free  airway,  by  the  means  already  described. 
If  pressure  upon  the  sternum  or  compression  of  the  lower  ribs  does  not 
at  once  cause  respiration  to  recommence,  Sylvester's  method  must  be 
adopted.  The  movements  should  be  performed  deliberately,  about  fifteen 
times  a  minute,  and  care  must  be  taken  to  help  and  not  to  hinder 
spontaneous  efforts  when  these  occur.  Strychnine  should  be  given 
hypodermically.  While  artificial  respiration  is  being  performed,  although 
tongue-traction  and  extension  of  the  head  are  maintained  and  the  lower 
jaw  is  kept  well  forward,  breathing  may  yet  become  more  obstructed, 
presumably  from  loss  of  tone  and  falling  together  of  the  structures  above 
the  glottis.  Should  this  occur,  laryngotomy  must  be  performed.  I  have 
seen  a  case  of  chloroform  syncope  in  which,  during  artificial  respiration 
for  ten  minutes,  there  had  been  no  spontaneous  effort  at  breathing,  and 
at  the  end  of  that  time  the  noise  indicated  that  obstruction  was  increasing. 
Laryngotomy  was  performed  and  artificial  respiration  resumed,  and  within 
two  or  three  minutes  the  patient  recovered.  If  intense  cyanosis  should 
ever  persist  in  spite  of  absence  of  obstruction  to  breathing  and  artificial 
respiration,  venesection  should  be  at  once  practised. 

Minor  impairments  of  circulation  are  treated  by  the  supine  position, 
friction  of  the  lips  and  cheeks,  and  by  encouraging  efficient  breathing.  If 
the  circulation  becomes  feeble  from  shock,  exhaustion,  or  haemorrhage,  of 
which  the  chief  symptom  is  an  increasingly  rapid  and  feeble  pulse,  with 
pallor,  the  anaesthetic  must  be  withheld  as  much  as  possible,  since  very 
little  becomes  an  overdose  in  those  conditions.  Nothing  but  ether  should 
be  used,  and  the  reflexes  should  be  permitted  to  become  quite  strong  before 
more  is  given.  Then  a  few  breaths  act  as  a  stimulant,  and  cause  consider- 
able improvement  in  the  pulse.  If  the  condition  is  extreme  the  "  open  " 
method  should  be  employed.  Warmth,  inversion,  and  strychnine  are  all 
indicated,  and  a  binder  may  be  applied  to  the  abdomen.  Should  the  pulse 
entirely  disappear,  transfusion  is  indicated.  Occasionally,  when  the  vagus 
has  been  interfered  with  during  anaesthesia,  a  sudden  reflex  inhibition  of 
the  heart  has  occurred,  sometimes  accompanied  by  loss  of  colour  and  a 
momentary  stoppage  of  respiration.  This  condition  is  apparently  not 
dangerous  if  shock  is  absent. 

The  continued  performance  of  artificial  respiration  is  the  most  im- 
portant and  potent  factor  in  the  treatment  of  circulatory  failure,  and  the 
employment  of  no  other  remedy  must  be  allowed  to  interfere  with  it.  If 
in  doing  this  one  hand  can  be  pushed  under  the  left  ribs,  so  as  to  bring 
some  pressure  to  bear  upon  the  heart,  this  should  be  done ;  for  in  the 
laboratory  nothing  excites  contraction  in  the  dilated  and  paralysed  heart 
of  chloroform  more  than  digital  manipulation.  When  circulation  has 
failed  from  shock,  vomiting,  or  exhaustion,  inversion  should  be  practised 
while  artificial  respiration  continues.  This  is  best  accomplished  by 
horizontally  rotating  the  patient  through  a  right  angle,  so  that  his  head 
hangs  over  the  side  of  the  table;  and  the  assistant  who  takes  his  legs 
round  to  the  other  side  can  raise  them  as  desired.  Leonard  Hill 
believes  that  inversion  is  harmful  whenever  the  heart  is  dilated,  as  it 
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undoubtedly  is  in  many  of  the  cases  of  syncope  under  chloroform, — all, 
for  example,  that  are  caused  by  an  overdose, — and  he  recommends  the 
feet  down  position  for  a  moment  or  two  to  relieve  the  heart,  if  arti- 
ficial respiration  is  not  at  once  successful.  When  the  syncope  is  due 
to  shock  or  exhaustion,  the  heart  is,  however,  probably  contracted,  since, 
owing  to  dilatation  of  the  vessels  in  the  splanchnic  area,  little  blood  is 
returned  to  it.  Whatever  the  exact  condition  of  the  heart  may  be,  I  am 
quite  convinced,  and  would  make  it  a  cardinal  rule,  that  the  head  should 
hang  well  down  over  the  edge  of  the  table  whenever  pallor  exists  with 
stoppage  of  respiration  under  chloroform.  Artificial  respiration  proceeding 
steadily,  other  means  of  stimulating  the  heart  are  hot  sponges  to  the 
pr.TCordium  and  perineum,  strychnine  and  digitalis  hypodermically,  and 
induction  shocks.  Mac  William  recommends  that  one  pole  be  placed  at 
the  level  of  the  fourth  dorsal  vertebra  and  the  other  on  the  apex  beat. 
H.  C.  Wood  has  shown  that  alcohol  and  ether  are  useless  and  often  injurious 
in  chloroform  syncope,  but  that  strychnine  and  digitalis  are  of  marked 
benefit,  the  former  especially  stimulating  the  respiration. 

The  ultimate  means  of  treatment  in  chloroform  syncope  is  by  the  per- 
formance of  artificial  circulation.  Although  I  advocated  this  procedure  in 
1892,  I  have  only  had  one  opportunity  of  employing  it.  In  that  case, 
although  the  patient  was  apparently  dead,  the  flabby  heart  became  hard 
under  the  fingers ;  but  as  the  airway  was  absolutely  blocked  from  a 
mediastinal  tumour,  circulation  could  not  be  re-established.  However,  I 
know  of  two  cases  in  which  artificial  circulation  was  immediately  suc- 
cessful. Both  occurred  in  abdominal  operations.  Should  the  abdominal 
cavity  be  open,  it  is  an  easy  matter  to  squeeze  the  heart  with  the  fingers, 
through  the  diaphragm,  against  the  front  ribs ;  but  whether  or  not  the 
method  would  prove  successful  if  abdominal  section  had  to  be  first  per- 
formed, remains  doubtful.  Should  recovery  from  syncope  be  tardy,  hot 
bottles,  bandaging  the  limbs,  rubbing  the  gums  with  brandy,  ammonia 
to  the  nostrils,  and  hot  rectal  injections  may  be  tried. 

Perhaps  the  greatest  danger  in  the  use  of  general  anaesthetics  lies  in 
the  fact  that  they  are  such  safe  agents.  An  anaesthetist  should  always  be 
conscious  that  he  is  using  a  poison  which  in  many  ways  may  directly  or 
indirectly  injure  his  patient ;  he  should  endeavour  to  appreciate  the  patient's 
subjective  sensations;  he  should  train  himself  to  unremittingly  observe 
every  symptom ;  and,  finally,  he  should  keep  always  "  in  the  van  of 
circumstance." 

LOCAL  ANAESTHESIA. 

More  or  less  insensibility  to  pain  may  be  obtained  locally  by  physical 
or  chemical  means.  Mechanical  means  are  not  employed  at  the  present 
time,  although  in  Oberst's  method  of  anaesthetising  a  finger  or  toe  a 
ligature  is  applied  to  prevent  venous  return,  so  that  only  small  amounts 
of  cocaine  injected  over  each  of  the  nerves  are  required  to  produce 
anaesthesia. 

The  rapid  abstraction  of  heat  from  a  part  may  be  often  usefully 
employed  to  produce  anaesthesia,  which,  though  limited  and  transient,  is 
complete.  Ice,  freezing  mixtures,  and  the  ether  spray  are  all  inferior  to 
the  chlorides  of  methyl  and  ethyl  for  this  purpose.  These  substances  can 
be  obtained  in  tubes  fitted  with  nozzles,  from  which  they  issue  in  a  fine 
spray.  They  produce  the  best  effects  when  mixed,  as  in  "coryl"  and 
"  anestile."  The  chief  essential  in  their  use  is  that  the  nozzle  be  held  a 
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considerable  distance  from  the  part  to  be  anaesthetised.  As  the  spray 
falls  upon  the  skin  or  mucous  membrane,  this  rapidly  becomes  white  and 
hard,  and  is  then  amesthetic.  The  method  answers  perfectly  for  a  single 
application  of  the  electric  cautery  (e.g.  to  a  small  naevus),  or  for  a  single 
superficial  incision.  Directly  the  part  is  frozen  the  spray  is  removed,  the 
snow  rapidly  wiped  away  with  a  piece  of  lint,  and  the  cautery  or  knife 
applied.  Freezing  should  never  be  employed  for  any  length  of  time,  as 
the  tissues  may  be  so  much  damaged  that  sloughing  may  follow.  If  any- 
thing more  than  a  superficial  operation  is  attempted,  complete  anaesthesia 
cannot  be  attained  without  the  risk  of  tissue  damage.  Unpleasant  after- 
pain  is  not  uncommon.  Electricity  is  of  no  practical  value  in  producing 
anaesthesia. 

Certain  chemical  substances  possess  the  power  of  abolishing  the  func- 
tions of  sensory  nerves  with  which  they  are  brought  in  contact  Carbolic 
acid  is  a  local  anaesthetic,  and  is  often  of  use  upon  this  account  in  dressing 
painful  boils,  fissures,  etc.  Orthoform,  an  insoluble  powder,  produces 
anesthesia  when  applied  to  raw  surfaces.  But  the  most  useful  local 
;u  i;  esthetics  are  cocaine  and  eucaine  /3,  commonly  called  eucaine  (for  the 
structure  of  this  body,  see  pp.  34  and  36).  The  hydrochloride  of  cocaine 
is  largely  employed  in  ophthalmic,  nasal,  and  laryngeal  surgery,  and 
may  be  often  used  in  minor  general  surgery.  It  possesses,  however, 
marked  toxic  properties,  acting  as  a  circulatory  depressant.  If  a  toxic 
dose  is  absorbed,  the  patient  turns  pale,  faint,  and  breathless,  the  pulse 
becomes  weak  and  irregular,  and  convulsions  eventually  appear.  If 
poisoned  by  cocaine,  the  patient  should  be  put  in  the  recumbent  posi- 
tion, kept  warm,  given  some  alcohol,  and  artificial  respiration  should 
be  performed.  Slight  degrees  of  faintness  are  often  seen  when  the 
spray  is  used  in  nasal  surgery,  and  a  dose  of  brandy  may  be  needed. 
Patients  vary  considerably  in  their  resistance  to  the  drug ;  so  little  as 
£  gr.  has  caused  death.  In  many  patients  1  gr.  may  be  injected  without 
producing  toxic  symptoms,  but  in  order  to  be  safe  it  should  not  be  possible 
for  the  patient  to  absorb  more  than  half  a  grain.  Eucaine  is  several  times 
less  toxic  than  cocaine,  but  its  amesthetic  properties  are  less  marked, 
slower  in  appearing,  and  less  persistent.  Its  solutions  possess  the  advan- 
tage that  they  can  be  sterilised  by  boiling,  which  decomposes  salts  of 
cocaine.  Cocaine  is  a  vaso-constrictor,  and  is  most  useful  in  reducing  the 
size  of  the  turbinate  bodies,  and  causing  general  shrinkage  of  the  nasal 
mucous  membrane.  Eucaine  does  not  possess  this  property.  The  most 
important  property  of  these  drugs  is  their  power  of  abolishing  the  functions 
of  a  nerve  when  applied  to  its  trunk,  so  producing  anaesthesia  in  the  parts 
supplied  by  its  ramifications.  Cocaine  and  eucaine  may  be  used  either 
as  applications  to  mucous  membranes  or  as  injections  beneath  the 
skin. 

In  ophthalmic  surgery,  unless  the  patient's  mental  condition  renders 
unconsciousness  desirable,  cocaine  should  be  used  for  all  operations  on  the 
eyes  and  lids  excepting  tenotomies  in  young  subjects ;  iridectomies  when 
the  eye  is  congested,  as  in  acute  glaucoma ;  excisions ;  and  operations  on 
the  tear-passages.  The  best  method  of  employing  it  is  to  place  one  or  two 
drops  of  4  per  cent,  solution  into  the  eye  every  minute.  After  four  or 
five  minutes  complete  anaesthesia  results.  Should  the  operation  last 
longer  than  a  few  minutes,  or  should  discomfort  be  experienced,  additional 
drops  may  be  applied  from  time  to  time.  Symptoms  of  poisoning  never 
arise  when  this  method  is  employed.  Eucaine  is  not  nearly  so  reliable  as 
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cocaine  in  ophthalmic  work.  It  often  does  not  produce  complete  anaes- 
thesia, and  its  use  may  be  followed  by  irritative  inflammation. 

In  nasal  and  laryngeal  surgery  cocaine  and  eucaine  may  be  used  in  the 
form  of  sprays  to  permit  of  examinations,  slight  cauterisations,  and  other 
simple  operations.  It  is  necessary  to  bear  in  mind  the  possibility  of  poison- 
ing by  using  a  spray,  as  absorption  is  rapid.  For  operations  on  the  vocal 
cords  the  best  method  is  to  paint  them  with  a  few  drops  of  a  20  per  cent, 
solution  of  cocaine  hydrochloride  by  means  of  a  camel-hair  brush.  For 
extensive  cauterisation  and  snaring  of  the  turbinates,  and  the  removal  of 
nasal  spurs,  neither  spraying  nor  painting  produces  sufficient  amesthesia 
in  the  majority  of  cases.  It  is  advisable  to  place  a  pledget  of  cotton-wool 
or  a  piece  of  lint,  wet  with  a  solution  consisting  of  equal  parts  of  a  10  per 
cent,  solution  of  cocaine  hydrochloride  and  a  10  per  cent,  solution  of 
eucaine,  in  direct  contact  with  the  parts  to  be  operated  upon,  and  to  leave 
it  in  position  for  five  to  ten  minutes. 

For  the  removal  of  warts  from  mucous  membranes,  and  similar 
operations,  painting  once  or  twice  with  a  20  per  cent,  solution  of  cocaine 
hydrochloride  is  all  that  is  required.  When  the  operation  is  upon  the 
skin  the  cocaine  or  eucaine  must  be  injected  into  the  site.  The  best  way 
is  to  take  10  minims  of  a  5  per  cent,  solution  of  cocaine,  20  minims  of  a 
two  per  cent,  solution,  or  20  minims  of  a  5  per  cent,  solution  of  eucaine,  in 
a  syringe,  insert  the  needle  under  the  skin,  express  1  or  2  minims,  and 
leave  the  syringe  in  situ.  After  a  minute  or  two  the  needle  may  be 
pushed  farther  on  in  two  or  three  different  directions,  and  another  drop  or 
two  injected  in  each  place.  In  this  way  small  sebaceous  cysts,  moles,  and 
foreign  bodies  may  be  painlessly  removed. 

Schleich  has  recently  introduced  a  method  by  which  more  exten- 
sive operations  can  be  more  or  less  painlessly  performed  under  local 
anaesthesia.  The  method  consists  in  the  free  use  of  a  solution  of  common 
salt  and  small  quantities  of  cocaine,  to  infiltrate  the  tissues.  The 
proportions  recommended  for  the  majority  of  operations  are — One  part  of 
hydrochloride  of  cocaine,  \  part  of  hydrochloride  of  morphine,  and  2  parts 
of  chloride  of  sodium  to  1000  parts  of  water.  If  the  tissues  are  very  tender, 
the  amount  of  cocaine  may  be  doubled.  For  large  operations,  where  more 
than  two  or  three  ounces  of  fluid  will  be  required,  the  cocaine  may  be 
reduced  to  1  part  in  10,000,  or  eucaine  may  be  used  instead,  although  it 
does  not  act  so  well,  in  the  proportion  of  1  in  1000. 

When  pure  water  is  injected  into  the  tissues,  considerable  pain  is 
produced,  as  is  the  case  with  solutions  of  much  higher  specific  gravity  than 
the  blood,  such  as  solutions  of  more  than  10  per  cent,  of  common  salt. 
This  pain  is  followed  by  a  transient  anaesthesia.  Both  Barker  and  Legrand 
have  called  attention  to  the  fact  that  Braun  and  Heintze  have  shown  that 
when  solutions  of  about  the  same  freezing-point  as  blood  are  used,  no  pain 
nor  anesthesia  is  produced.  The  addition  of  even  1  part  of  cocaine  to 
20,000  of  such  a  solution  is  said  to  produce  marked  analgesia.  Braun 
has  shown  that  the  morphine  in  Schleich's  solutions  is  useless,  and  as 
a  result  of  his  investigations  the  following  formula  is  recommended,  and 
has  been  largely  used  by  Barker  and  others:  Eucaine  1  part,  chloride 
of  sodium  8  parts,  water  by  weight  1000  parts.  As  much  as  10  oz.  of 
this  fluid  may  be  injected  with  impunity.  The  method  of  using  these 
solutions  is  to  inject  them  into  the  deeper  layers  of  the  skin  so  as  to  form  a 
number  of  wheals  which  overlap  each  other.  In  a  few  minutes  the  incision 
can  be  made.  As  the  operation  proceeds,  further  injections  are  needed  in 
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deeper  parts.  For  delicate  dissections  the  oedema  and  consequent  altera- 
tion in  the  appearance  of  parts  constitutes  a  serious  disadvantage.  Gushing 
in  a  recent  paper  gives  an  account  of  much  work  done  by  him  with 
Schleich's  solutions,  particularly  in  operations  for  hernia,-.  Using  the 
solution  in  the  way  described  above,  when  nerve  trunks  come  into  view  he 
injects  a  few  drops  of  a  1  per  cent,  solution  of  cocaine  or  eucaine  directly 
into  them,  and  thus  insures  a  large  area  of  insensibility.  Yet  he  finds  it 
necessary  to  keep  chloroform  in  reserve  in  case  pain  be  felt  or  the  patient's 
self-control  be  lost.  It  seems  to  be  generally  admitted  that  when  the 
tissues  are  inflamed  and  painful,  Schleich's  method  is  not  applicable,  as  it 
does  not  produce  complete  anaesthesia. 

In  using  local  anaesthesia  for  longer  than  a  few  minutes,  the  patient 
should  be  well  fed  beforehand,  and  it  is  advisable  to  give  a  small  dose  of 
morphine  half  or  three-quarters  of  an  hour  before  the  operation,  repeating 
it  later  if  necessary,  and  to  administer  a  stimulant  at  the  beginning  of  the 
process. 

That  the  advantages  of  unconsciousness,  flaccidity,  and  complete 
abolition  of  shock  cannot  be  attained  with  local  anaesthesia,  prevents  its 
employment  for  most  operations.  It  must  not  be  forgotten  that  when 
using  local  anaesthetics  for-large  operations  the  abolition  of  sensation  is  not 
complete,  and  symptoms  of  shock  may  occur,  as  well  as  those  of  mental 
strain.  Local  anaesthetics  should  never  be  employed  upon  tissues  of 
impaired  vitality.  With  regard  to  the  contention  of  the  advocates  of 
local  anaesthesia,  that  it  is  of  value  in  conditions  of  extreme  collapse  and 
weakness,  it  must  be  remembered  that  general  anaesthesia  can  be  so  used 
in  such  conditions  as  to  actually  stimulate  and  benefit  the  patient.  It  is 
only  where  great  terror  of  a  general  anaesthetic  exists  that  local  anaesthesia 
should  be  preferred  for  large  operations. 
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CHLOROFORM  AND  ETHER 

(B.P.  AND  U.S. P.) 

CHLOROFORM. 

TRICHLORMETHANE,  or  chloroform,  has  the  chemical  formula  CHC13.  It 
was  independently  discovered  by  Liebig  in  Germany,  Soubeyran  in  France, 
and  Samuel  Guthrie  in  New  York.  Its  chemical  composition  and  true 
formula  were  determined  by  Dumas  in  1834. 

Chloroform  is  a  colourless,  transparent,  mobile,  and  volatile  liquid, 
possessing  an  agreeable  sweet  and  penetrating  smell,  and  a  piquant  sweet 
taste.  Its  density  at  15°  C.  (55°  F.),  compared  with  water  at  the  same 
temperature,  is  1*502,  and  it  is  288  times  heavier  than  its  own  vapour 
(Snow).  The  boiling  point  is  62°  C. ;  the  vapour  density,  4'12.  Chloroform 
is  slightly  soluble  in  water  (1  in  200),  in  which  it  sinks  in  heavy  drops. 
It  freely  dissolves  in  alcohol  (10  in  7),  ether,  olive-oil,  and  turpentine.  It 
is  a  solvent  for  iodine,  bromine,  sulphur,  phosphorus,  fats,  resins,  and  many 
other  organic  substances. 

Reactions. — Chloroform  takes  fire  and  burns  with  great  difficulty,  and 
in  this  respect  has  a  distinct  advantage  over  ether.  Ether  is  highly  in- 
flammable, and  can  neither  be  employed  in  the  neighbourhood  of  lamps, 
nor  should  it  be  used  as  an  anaesthetic  during  the  time  the  actual  cautery 
is  being  employed  in  the  region  of  the  mouth. 

When  the  vapour  of  chloroform  comes  in  contact  with  the  flame  of  a 
gas  jet  there  are  formed  free  chlorine,  hydrochloric  acid  gas,  and  phosgene 
gas,  CHC13+0  =  COC1.,+HC1.  Phosgene  gas  in  damp  air  is  quickly  de- 
composed, COC12+H20  =  2HC1+C02.  This  is  a  matter  of  no  little  im- 
portance. Small  rooms  in  which  operations  are  conducted  by  naked  lights 
should  be  freely  ventilated,  for  the  fumes  of  hydrochloric  acid  and  chlorine 
are  intensely  irritating.  These  gases  when  inhaled  by  rabbits  and  guinea- 
pigs  cause  oedema  of  and  haemorrhages  into  the  lungs.  In  cases  where 
ventilation  is  impossible,  towels  soaked  in  lime-water  will  help  in  the 
absorption  of  these  gases.  It  is  possible  that  bronchitis  and  pneumonia 
may  result  in  patients  from  such  decomposition  of  the  chloroform.  Ether 
has  no  such  drawbacks.  Chloroform  volatilised  and  passed  through  a  red- 
hot  tube  yields  carbon,  hydrochloric  acid,  and  chlorine.  The  chlorine  will 
turn  blue,  paper  that  is  moistened  with  starch  and  potassium  iodide.  By 
this  method  Snow  determined  the  presence  of  chloroform  in  the  tissues  of 
animals,  and  he  used  as  an  indicator  paper  moistened  with  silver  nitrate. 
Chloroform,  heated  with  potash,  yields  potassium  formate  and  potassium 
chloride.  The  action  of  potash  in  the  cold  is  of  greater  interest,  for  the 
following  decomposition  takes  place : — 

CHC13  +  2KOH  =  2KC1  +  H20  +  CO  +  HC1. 
That  this  reaction  may  take  place  in  the  alkaline  tissues  of  fluids  of  the 
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body  is  shown  by  Nicloux  and  Desgrez,  who,  after  prolonged  anaesthetisation 
of  dogs,  found  traces  of  carbon  monoxide  in  the  blood  (0'5  c.c.  in  100  c.c.). 
This  quantity  is  too  small  to  be  of  any  importance,  for  carbon  monoxide  is 
not  poisonous  in  itself,  and  is  noxious  only  in  so  far  as  it  lessens  the  carry- 
ing power  of  the  haemoglobin  for  oxygen.  Chloroform  is  decomposed  by 
sunlight  into  carbonyl  chloride  or  phosgene  gas,  and  then  into  hydrochloric 
acid  and  chlorine  ;  it  should  therefore  be  kept  in  the  dark.  Chloroform  can 
be  preserved  from  the  action  of  light  by  the  addition  of  1  per  cent,  absolute 
alcohol. 

Impurities. — Chloroform  should  possess  the  specific  gravity  and  boiling 
point  indicated  above.  If  it  be  impure,  products  may,  on  fractional  dis- 
tillation, come  over  at  temperatures  both  lower  and  higher  than  61°  to  62°  C. 
It  should  be  clear  and  perfectly  transparent,  and  should  be  neutral  to 
litmus  paper.  When  allowed  to  evaporate  from  a  watch-glass  or  filter 
paper,  it  should  leave  neither  residue  nor  smell.  Pure  chloroform  is  not 
turned  brown  when  shaken  with  concentrated  sulphuric  acid,  does  not 
yield  a  precipitate  on  adding  silver  nitrate,  and  is  not  browned  when  heated 
to  boiling-point  with  caustic  potash.  Pure  chloroform  heated  to  boiling 
docs  not  attack  metallic  sodium. 

The  presence  of  carbonyl  chloride,  which  may  appear  from  the  exposure 
of  chloroform  to  daylight  and  air,  is  indicated  if,  when  baryta  water  is 
added,  a  white  film  be  seen  at  the  junction  of  the  two  liquids.  Free  chlorine 
and  hydrochloric  acid  are  detected  by  the  litmus  and  silver  nitrate  tests. 
Chloroform  should  not  decolorise  an  alkaline  solution  of  phenolphthaleue. 
Pheuolphthalene  is  dissolved  in  a  saturated  solution  of  sodium  carbonate. 
Of  this  add  2  drops  to  2  c.c.  of  distilled  water,  and  then  add  10  c.c.  of 
chloroform. 

The  presence  of  alcohol  is  shown  by  any  turbidity  or  milky  appearance 
appearing  when  chloroform  is  dropped  into  water.  Excess  of  alcohol  or 
the  addition  of  ether  lowers  the  specific  gravity  of  the  chloroform.  There 
is  little  difficulty  nowadays  in  obtaining  pure  chloroform  from  reliable 
sources,  and  the  addition  of  1  per  cent,  alcohol  insures  the  drug  remaining 
pure.  Alcohol  and  other  oxidisable  substances,  if  present  in  chloroform, 
will  reduce  a  solution  of  potassium  permanganate,  and  will  turn  green  a 
solution  of  potassium  bichromate  acidulated  with  dilute  sulphuric  acid. 
Pure  chloroform,  on  addition  of  iodine  solution,  yields  a  transparent  violet 
(amethyst)  colour ;  if  ether  be  present  the  colour  is  dark  red.  Crystals  of 
nitrosodic  sulphide  of  iron  dissolve  in  the  presence  of  ether  or  alcohol,  but 
not  in  pure  chloroform.  Pure  chloroform,  shaken  with  dinitrosulphide  of 
iron,  remains  colourless.  A  dark  colour  results  if  the  chloroform  contain 
ether,  ethylic  or  methylic  alcohol,  or  aldehyde. 

It  is  extremely  doubtful  whether  the  impurities  in  chloroform  have  ever 
led  to  fatal  consequences.1  The  drug  itself  is  the  powerful  poison  which 
requires  careful  administration.  The  pure  chloroform,  prepared  by  the 
Pictet  method,  has  been  compared  with  the  chloroform  prepared  in  the 
ordinary  way.  Heymans  and  Debiick  conclude  from  their  experiments 
that  pure  chloroform  possesses  greater  toxicity  than  the  mother  liquid 
separated  from  it  by  the  method  of  crystallisation. 

1  Hiiter  has  reported  a  death  from  the  use  of  impure  chloroform.  Only  one-third  of  the 
driif,'  distilled  at  62°.  The  residue  had  a  strong  odour  of  phosgene  gas  and  chloride  of 
carbon. 
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ETHER. 

Ethylic  ether  is  prepared  from  ethylic  alcohol  by  heating  the  latter 
with  sulphuric  acid  and  supplying — when  the  temperature  reaches  140°  C. 
— fresh  alcohol  in  a  continuous  stream. 

Formula1  of  production  : — 

C2H5OH  +   H2S04  =  H20  +  C.2H5HS04 
Ethylic        Sulphuric  _  w  ,  Sulpho-vinic 

alcohol.    "       acid.  acid. 

C2H5HS04  +  C2H0OH  =  H2S04   +  (C2H5)2O. 
Sulpiio-vinic  Ethylic     _  Sulphuric          Ethylic 

acid.  alcohol.  acid.  ether. 

The  fluid  which  distils  over,  separates  into  two  layers,  the  upper  of 
which  is  ether.  This  is  separated  off  and  further  rectified  by  distillation. 
Ethylic  ether  (sp.  gr.  072  at  15°'o  C.)  is  a  clear,  colourless,  and  very  mobile 
liquid ;  it  has  a  characteristic  odour  and  taste,  and  is  very  volatile,  boiling 
at  35°  C.  (95°  F.),  and  burning  with  a  bright  flame.  Its  vapour  density,  as 
compared  with  air,  is  2'586,  and  it  can  as  vapour,  therefore,  be  poured  from 
one  vessel  into  another.  Ether  is  miscible  in  all  proportions  with  alcohol 
and  fatty  oils.  At  20°  C.  13  parts  of  water  dissolve  1  part  of  ether;  36 
parts  of  ether  will  absorb  1  part  of  water.  Ether  will  dissolve  ^  of  its 
weight  of  sulphur  and  ^lr  of  its  weight  of  phosphorus,  and  considerable 
amounts  of  bromine  and  iodine  (Binz).  Ether  should  never  be  handled  in 
the  presence  of  a  naked  light. 

Impurities. — Pure  ethylic  ether  is  neutral  to  litmus  paper,  and  leaves 
no  residue  on  evaporation.  Methylated  ether  generally  leaves  a  pungent 
residue  on  filter  paper,  and  begins  to  boil  at  a  temperature  (90°  F.)  lower 
than  that  of  ethylic  ether.  Ether  containing  water  or  alcohol  forms  an 
emulsion  when  added  to  oil  of  copaiba.  Potassium  phosphate  and  tannic 
acid  are  insoluble  in  anhydrous  ether,  but  soluble  in  ether  containing  water. 
Alcohol  can  be  detected  by  shaking  the  ether  with  water,  separating  the 
latter,  and  adding  to  it,  while  gently  warmed,  a  few  crystals  of  iodine  and 
enough  caustic  potash  to  just  render  the  solution  colourless.  After  a  few 
hours  a  yellow  precipitate  of  iodoform  will  be  thrown  down.  For  pur- 
poses of  anesthesia  pure  ethylic  ether  is  to  be  preferred  to  pure  methylated 
ether. 

Relative  strength  of  chloroform  and  ether. — The  difference  between 
the  action  of  different  anaesthetics  is  demonstrated  very  clearly  by 
Waller's  galvanometric  method  of  recording  the  electrical  current  of 
actions  in  nerve.  The  electrical  change  is  taken  as  the  sign  of  vital 
energy.  By  this  method  Waller  finds  that  1  oz.  of  ether  is  equivalent 
in  strength  to  1  drm.  of  chloroform  (1  chloroform  =  7  to  8  ether). 
Kinger,  by  perfusing  frogs'  hearts,  found  that  2  minims  of  chloroform 
added  to  3  oz.  of  nutritive  fluid  produced  paralysis  of  the  heart,  while 
50  minims  of  ether  added  to  the  same  quantity  of  fluid  did  not  com- 
pletely stop  the  beat.  Chloroform  from  the  first  rapidly  diminished  the 
excursion  of  the  heart,  while  ether,  to  begin  with,  accelerated  the  heart 
without  diminishing  the  excursion.  According  to  these  experiments  of 
Einger,  chloroform  is  twenty-five  times  as  powerful  as  ether  in  its  action 
on  the  heart.  Wood  jun.  estimates  that  chloroform  when  inhaled  is  ten 
times,  stronger  than  ether,  and  this  may  be  taken  to  be  about  the  correct 
relation.  When  chloroform  and  ether  are  mixed,  as  in  the  A.C.E.  mixture,. 
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the  effects  of  the  two  anaesthetics  are  sumrnated  thus :  2  vols.  chloroform 
+  3  vols.  ether =in  power  2'3  vols.  chloroform,  or  23  vols.  ether  (Waller). 

In  the  A.C.E.  mixture,  chloroform  is  the  prepotent  agent,  but  this  is 
diluted  with  ether  and  alcohol,  and  thus  there  is  less  likelihood  of  giving 
an  overdose.  Moreover,  the  ether  exerts  its  stimulating  effect  on  the 
heart,  as  has  been  shown  by  cardiometer  tracings  by  Hill  and  Barnard. 

"  A  properly  anaesthetised  patient,"  says  Waller,  "  is  substantially  a 
reservoir  within  which  it  is  required  to  maintain  the  chloroform  or  ether 
at  some  known  optimum  percentage  and  quantity.  This  percentage,  and 
the  absolute  quantity  of  chloroform  or  ether  in  his  body,  are  the  resultants 
of  the  stream  into  the  lungs  and  of  the  stream  out  of  the  lungs,  and  ex- 
perience alone,  not  measurement,  enables  us  to  adjust  the  stream  into  the 
lungs  so  that  the  quantity  in  the  reservoir  shall  not  fluctuate  above  or 
below  the  optimum."  The  limits  of  safety  are  obviously  far  more  limited 
with  chloroform,  for  it  is  ten  times  more  poisonous  than  ether. 

Snow,  calculating  the  weight  of  the  blood  to  be  30  lb.,  found  that 
12  minims  of  chloroform  in  the  circulation  produced  narcosis  of  the  second 
degree,  18  minims  caused  narcosis  of  the  third  degree,  24  minims  increased 
the  narcosis  to  the  fourth  degree,  while  3  6  minims  paralysed  the  respiratory 
centre.  By  inhaling  12  minims  of  chloroform  from  a  closed  bag,  Snow 
actually  produced  anaesthesia  of  the  second  degree.  Waller  calculates  that 
1  c.c.  (17  minims)  of  chloroform  in  the  circulation  produces  complete 
anaesthesia,  while  2  c.c.  (34  minims)  produces  death.  Paul  Bert  determined 
that  1'9  grm.  of  chloroform  per  100  litres  of  air  inhaled  is  required  to 
produce  anaesthesia  (1  gr.  in  100  cubic  in.,  Snow),  while  3'9  grins,  per 
100  litres  is  toxic  (3  grs.  in  100  cubic  in.,  Snow).  On  the  other  hand, 
Lallemaud  states  that  as  much  as  4  grms.  per  100  litres  of  air  can  be 
safely  inhaled,  while  8  grms.  per  100  rapidly  produces  death.  We  can 
conclude  that  2  per  cent.,  or  even  1  per  cent.,  of  chloroform  vapour  in 
the  air  inhaled  will  be  sufficient  to  produce  anaesthesia,  while  3  per  cent, 
to  4  per  cent,  is  not  free  from  the  danger  of  a  sudden  overdose. 

Grehant  and  Quinquaud  have  estimated  the  amount  of  chloroform  in 
the  blood  of  an  animal  which  was  breathing  10  grms.  per  100  litres  of  air, 
to  be  1  grm.  in  2  litres.  This  is  about  the  fatal  percentage,  and  corresponds 
with  the  inhalation  of  3  c.c.  The  blood  contains  little  more  than  -^  of 
the  chloroform  it  is  capable  of  absorbing  when  the  respiratory  centre 
becomes  paralysed.  Three  or  four  inflations  of  the  lungs  of  a  cat  with  a 
10  per  cent,  solution  (in  air)  of  chloroform  almost  paralyses  its  heart,  while 
nine  or  ten  inflations  paralyses  it  irrevocably,  and  in  less  than  thirty  seconds. 
If  a  patient  with  about  1  c.c.  (17  minims)  of  chloroform  circulating  in  his 
blood  should  struggle,  and  a  towel  soaked  in  chloroform  be  brought  near 
his  mouth,  so  that  the  percentage  beneath  the  towel  rises  to  10  per  cent.,  in 
a  few  deep  breaths  he  may  take  in  another  1  c.c.  of  chloroform.  This, 
added  to  what  is  already  in  his  blood,  is  a  poisonous  dose.  These  facts 
demonstrate  the  narrow  limits  of  safety  in  dealing  with  chloroform,  and 
how  easily  and  rapidly  the  safe  percentage  may  be  over-passed. 

Pharmacology. — The  pharmacology  of  chloroform  and  ether  may 
be  considered  together.  They  are  typical  general  anaesthetics,  and  are 
substances  which  form  temporary  and  easily  reversible  combinations  with 
the  tissues,  whereby  the  activity  of  the  latter  is  suspended ;  they  are,  more- 
over, volatile  substances,  and  are  therefore  rapidly  eliminated  by  the  lungs. 

There  is  no  relation  between  the  chemical  structure  and  the  anaesthetic 
properties  of  the  various  substances  employed  (but  see  p.  20).  Thus  pure 
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nitrogen  is  an  inert  gas,  and  on  inhalation  produces  anaesthesia  by  cutting 
off  the  supply  of  oxygen.  Nitrous  oxide  when  inhaled  forms  an  easily 
dissociable  compound  with  the  blood  and  tissues.  The  recovery  from  either 
of  these  gases  is  naturally  very  rapid.  Carbon  dioxide  inhaled  at  a  per- 
centage of  45  vols.  per  100  air,  produces  anaesthesia  in  two  minutes;  the 
volume  of  this  gas,  in  the  blood,  rises  to  80  vols.  per  cent. 

There  is  said  to  be  no  danger  from  inhaling  the  above  gases,  supposing 
enough  oxygen  be  supplied  at  the  same  time.  The  elimination  and 
recovery  from  carbon  dioxide  anaesthesia  is  the  less  rapid.  (See  articles 
on  "  The  Action  of  Gases,"  p.  40,  and  on  "  The  Practical  Application  of 
Anaesthetics,"  p.  58.) 

The  toxicity  of  organic  chloro-derivatives,  especially  as  regards  their 
depressant  action  on  the  circulation,  seems  to  depend  in  part  on  the  amount 
of  chlorine  they  contain.  In  testing  the  relative  toxicity,  the  differences 
in  solubility  and  volatility  must  be  taken  into  account.  Carbon  tetra- 
chloride,  CC14,  is  more  toxic  than  carbon  dichloride  C.,C14 ;  it  is  also  more 
toxic  than  chloroform  CHC13,  that  is  to  say,  if  both  drugs  be  dissolved  in 
alcohol  and  administered  intravenously. 

When  inhaled,  chloroform  is  apparently  the  more  toxic,  but  this  is 
owing  to  its  greater  volatility,  and  the  ease  with  which  it  passes  into  the 
blood.  We  must  attribute  the  convenient  anaesthetic  action  of  ether  and 
chloroform  not  only  to  their  chemical  constitution,  but  to  their  high  degree 
of  volatility  and  diffusibility.  As  a  general  rule,  the  more  soluble  in  water 
a  body  is,  the  more  rapid,  transient,  and  intense  will  be  its  effects  on  the 
system.  With  diminution  in  solubility  there  is  often  increase  in  toxicity. 
It  is  stated  that  in  animals  killed  by  alcohol,  ether,  and  chloroform, 
there  is  a  disappearance  of  fat-like  bodies,  such  as  lecithin,  from  the  red 
corpuscles  and  from  the  nerve  cells,  and  the  conclusion  is  drawn  "  that 
all  bodies  nearly  chemically  indifferent,  if  they  are  soluble  in  fat,  have  an 
anaesthetic  action,  provided  they  can  penetrate  to  the  cells  of  the  brain." 

General  action  on  protoplasm. — Chloroform  is  a  general  protoplasmic 
poison,  and  does  not  produce  its  effects  by  altering  the  nature  of  the  blood. 
It  is  carried  by  the  red  corpuscles,  and  is  at  once  displaced  from  there  by 
a  current  of  air  (Pohl).  Not  more  than  one-tenth  part  of  the  chloroform 
in  the  blood  is  in  solution  in  the  plasma  (Schimedeberg).  The  blood  of  a 
chloroformed  animal  combines  with  the  same  quantity  of  oxygen  as  normal 
blood  (Richet),  and  the  red  corpuscles  are  in  no  wise  altered.  There  may, 
however,  be  hypo-leukaemia,  owing  to  the  spherical  immobilisation  of  the 
white  corpuscles  in  the  capillaries  (Maurel).  Infusoria,  bacteria,  etc.,  are 
paralysed  by  chloroform  water.  The  sensitive  plant  (Mimosa  pudica)  is 
paralysed  by  chloroform.  A  frog  from  which  the  blood  has  been  expelled 
by  irrigation  with  salt  solution,  can  be  anaesthetised  with  chloroform  just  as 
easily  as  can  a  normal  frog  (Binz).  When  a  portion  of  a  frog's  sciatic 
nerve  is  exposed  to  ether  vapour,  this  loses  its  power  of  conductivity  at 
time  when  excitability  still  persists. 

Seeds  will  not  germinate  while  exposed  to  chloroform  vapour ;  on  the 
other  hand,  the  vapour  will  not  stop  the  ripening  of  fruits  and  the  chang- 
ing of  cellulose  into  sugar.  E.  Dubois,  in  support  of  his  theory  that 
anaesthetics  dehydrate  the  tissues,  lays  stress  on  the  fact  that  drops  of  water 
appear  on  the  outside  of  fruits  and  grasses  exposed  to  a  vapour  of  chloro- 
form. 

Circulation. — On  slowly  injecting  chloroform  into  a  vein,  the  force  of 
the  systole  at  first  augments,  while  the  frequency  of  the  heart  may  rise 
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from  42  to  156  per  minute.  On  increasing  the  dose,  there  occurs  a  striking 
diminution  in  the  height  of  the  curves  of  intracardiac  pressure.  If  chloro- 
form be  injected  suddenly  into  the  trachea,  the  beats  of  the  heart  tumultu- 
ously  increase,  and  for  a  brief  space  of  time  the  pressure  rises  in  the 
arteries.  Then,  in  spite  of  the  continued  cardiac  acceleration,  the  pressure 
falls,  and  the  beats  become  rapidly  smaller.  Finally,  the  heart  gives  three 
or  four  slow  systoles,  dilates,  and  then  stops  (Arloing). 

On  causing  cats  to  inhale  a  4  per  cent,  vapour  of  chloroform,  the  heart 
is  found  to  exhibit  pronounced  dilatation  by  the  time  that  the  conjunctival 
reflex  is  abolished  and  before  the  arterial  pressure  has  fallen  to  any  marked 
extent.  The  dilatation  is  in  no  wise  due  to  vagal  stimulation,  for  it  takes 
place  after  section  of  both  vagi  (M'William,  Hill  and  Barnard).  Five 
minutes  after  the  inhalation  of  5  per  cent,  chloroform  vapour,  the  diastolic 
diameter  of  a  rabbit's  heart  may  increase  from  15  mm.  to  22  mm.  At 
the  same  time  the  systole  becomes  incomplete.  If  the  heart  be  enclosed 
in  a  cardiometer  and  the  volume  be  recorded,  it  becomes  evident  that  the 
diastolic  volume  increases  during  chloroform  inhalation,  while  the  systolic 
stroke  is  lessened  in  amplitude. 

After  the  injection  of  2  minims  of  chloroform  into  the  jugular  vein  of 
a  cat,  the  heart  is  so  widely  dilated  as  to  fill  the  pericardium  almost  to 
bursting.  When  a  slit  is  made  in  the  pericardium,  the  heart,  under  these 
conditions,  herniates  through  the  opening,  for  the  function  of  the  pericardium 
is  to  prevent  the  over-dilatation  of  the  heart.  The  cavities  of  the  right 
heart  are  engorged  with  blood,  so  that,  although  the  ventricles  may  still  be 
feebly  twitching,  the  contraction  is  abortive  and  fails  to  cause  systolic  out- 
put. On  cutting  out  such  a  heart,  the  beats  recommence  and  become 
effectual  so  soon  as  the  cavities  become  emptied  of  blood.  If,  however,  the 
vessels  be  tied  before  the  heart  is  excised,  the  organ  remains  in  a  state  of 
paralytic  dilatation.  A  dilated  heart,  it  must  be  remembered,  works  at  a 
very  great  mechanical  disadvantage,  for  the  total  force  required  to  contract 
it  probably  varies  in  some  such  proportion  as  the  cube  of  the  radius  of 
curvature.  Moreover,  the  increase  in  diastolic  pressure  impedes  the 
coronary  circulation. 

On  compressing  the  belly  of  a  normal  animal,  the  right  auricular 
pressure  rises  considerably,  and  so  does  the  aortic  pressure.  The  aortic 
rise  is  due  partly  to  the  compression  of  the  aorta  and  mesenteric  arteries, 
partly  to  the  fact  that  the  blood  is  pressed  from  the  abdominal  veins  and 
liver  through  the  right  heart  and  lungs,  and  so  on  into  the  left  heart  and 
aorta.  The  rise  of  right  auricular  pressure  varies  under  these  conditions 
directly  as  the  amount  of  blood  iojected  from  the  abdominal  veins,  and 
inversely  as  the  available  space  in  the  heart  to  receive  it  and  the  com- 
petency of  the  right  ventricle  to  pass  it  on.  Now,  on  pressing  the  belly 
of  an  animal  during  deep  chloroform  anaesthesia,  the  aortic  pressure 
scarcely  rises,  for,  while  the  right  heart  is  dilated,  and  this  easily  holds 
the  blood  injected  into  it,  the  right  ventricle  fails  to  empty  itself. 

On  placing  in  the  vertical  posture  a  morphinised  animal  in  which  a 
division  of  the  spinal  cord  has  been  made  in  the  lower  cervical  region,  the 
aortic  pressure  is  found  to  fall  very  greatly.  This  result  is  due  to  the 
weight  of  the  blood,  which  causes  it  to  sink  down  into  the  dilated  vessels 
of  the  abdomen.  The  pressure  is  again  restored  by  compression  of  the 
abdomen,  by  the  assumption  of  the  horizontal  posture,  or  by  immersion  of 
the  animal  in  a  vessel  of  water.  In  the  last  case  the  hydrostatic  pressure 
of  the  water  outside  balances  that  of  the  blood  inside  the  body. 
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Similarly,  after  intravenous  injection  of  1  to  2  mimims  of  chloroform 
in  a  cat  placed  vertically,  the  aortic  pressure  falls  enormously.  In  this 
case,  however,  neither  immersion  in  a  hath  nor  compression  of  the  abdomen 
raises  the  pressure.  These  experiments  prove  in  yet  another  way  the 
paralysis  of  the  heart.  The  paralysis  is  quite  independent  of  the  failure 
of  respiration,  and  takes  place  if  artificial  respiration  is  continually  supplied. 

Chloroform  inhalation  rapidly  paralyses  the  mechanisms  which  com- 
pensate for  the  influence  of  gravity  on  the  circulation.  Normally  the 
blood  pressure  is  maintained  in  the  erect  posture  by  the  following  means: — 

(1)  Increased  arterial  tone.  (2)  The  tone  of  the  skeletal  muscles,  and 
the  elastic  tissue  of  the  skin  ;  between  these  tissues  the  veins  and  capillaries 
are  confined.  (3)  Greater  depth  of  respiration ;  the  respiratory  pump  aids 
the  heart  both  by  thoracic  suction  and  abdominal  compression.  (4)  Slight 
acceleration  of  the  heart. 

Chloroform  weakens  and  finally  abolishes  the  vascular  tone,  abolishes 
the  tone  of  the  skeletal  muscles,  enfeebles  and  renders  shallow  the  respira- 
tion, and  weakens  the  heart.  As  a  result  there  occurs  a  fall  of  arterial 
pressure  when  the  subject  is  in  the  horizontal  posture,  and  much  greater 
fall  when  the  subject  (deeply  chloroformed)  is  placed  in  the  vertical  posture. 

On  thus  suddenly  lowering  the  arterial  pressure,  the  respiration  fre- 
quently fails  to  return  again  when  the  animal  is  once  more  placed  hori- 
zontally. Thus  the  paralysis  of  the  respiratory  centre  in  chloroform 
syncope  may  depend  not  only  on  the  drug  which  is  circulating  through  and 
poisoning  the  centre,  but  may  also  be  secondary  to  the  anaemia  produced 
by  the  fall  of  the  arterial  pressure.  Ether  effects  the  circulation  in  like 
manner,  but  the  onset  is  far  less  rapid  and  intense  than  in  the  case  of 
chloroform.  That  the  heart  is  undamaged  by  ether  is  shown  by  the  fact 
that  on  compressing  the  abdomen  the  arterial  pressure  rises  to  normal. 
In  the  case  of  chloroform,  on  the  other  hand,  the  pressure  is  not  only  not 
restored  to  normal,  but  may,  on  the  application  of  compression,  fall  to 
zero.  When  this  happens  it  is  owing  to  the  heart  passing  into  the  con- 
dition of  paralytic  dilatation.  A  normal  heart  cannot  possibly  by  such 
means  be  thrown  into  paralytic  dilatation. 

During  the  course  of  a  prolonged  operation,  or  after  a  severe  injury,  the 
compensatory  mechanism  for  gravity  becomes  more  and  more  enfeebled, 
and  the  blood,  as  the  condition  of  shock  comes  on,  stagnates  more  and 
more  into  dependent  parts. 

P.  Bert  recorded  the  arterial  pressure  in  an  animal  to  be  170  mm.  Hg 
before  the  administration  of  chloroform;  114  mm.  Hg  at  the  moment  when 
the  cornea  became  insensitive ;  70  mm.  Hg  one  hour  later.  In  man  the 
pressure  falls  10  to  20  mm.  Hg  during  chloroform  amesthesia.  During  fear 
the  face  may  blanch,  as  the  heart,  almost  empty,  beats  rapidly  and  feebly, 
for  the  blood  passes  into  the  dilated  vessels  of  the  abdomen.  If  chloro- 
form be  administered  to  man  in  the  state  of  shock,  or  to  one  sitting  in 
a  chair  in  a  state  of  acute  fear,  it  is  easy  to  see  how  the  drug  may  produce 
a  fatal  condition  of  syncope.  Partial  paralysis  of  the  vasomotor  mechan- 
ism may  pass  into  total  paralysis,  and  as  the  anaemic  heart  empties  the 
respiratory  centre  ceases  to  act. 

During  the  first  or  excitatory  stage  of  chloroform  anaesthesia  the 
arterioles  are  constricted,  the  arterial  pressure  is  raised,  and  while  the 
systolic  velocity  of  blood-fiow  is  increased,  the  diastolic  velocity  is  dimin- 
ished. On  the  other  hand,  the  diastolic  velocity  increases  in  the  second 
stage  of  anaesthesia,  owing  to  dilatation  of  the  arterioles,  but  this  increase 


A  CTION  ON  RESPIRA  TION.  9  7 

is  but  slight,  as  the  heart  is  at  this  time  becoming  weakened.  The  fact 
that  there  is  little  bleeding  from  wounds  during  chloroform  antesthesia  is 
due,  not,  as  has  been  supposed,  to  vaso-constriction  (Dastre),  but  to  enfeeble- 
ment  of  the  heart,  and  the  derivation  of  the  blood  to  the  most  dependent 
parts  of  the  body.  With  ether  the  bleeding  from  wounds  is  considerable, 
owing  to  the  undiminished  energy  of  the  circulation.  It  is  recorded  that 
compression  of  both  carotid  arteries  does  not  raise  the  blood  pressure  in  a 
deeply  chloroformed  animal,  and  this  is  used  as  an  argument  to  prove  that 
the  drug  paralyses  the  vasomotor  centre. 

On  injection  of  chloroform  into  the  peripheral  end  of  the  carotid  artery, 
the  drug  is  carried  directly  to  the  brain,  and  there  first  excites  and  then 
paralyses  the  bulbar  centres.  Thus  the  respiration  becomes  spasmodic, 
and  then  stops,  the  arterial  pressure  rises  and  finally  falls,  the  heart  slows 
and  finally  accelerates.  The  respiratory  centre  in  this  case  fails  before 
the  vasomotor  centre.  Gaskell  and  Shore  established  a  cross-circulation 
between  two  dogs,  so  that  the  brain  of  one,  after  ligation  of  its  cerebral 
arteries,  was  supplied  with  blood  from  the  aorta  of  the  other.  On  allow- 
ing the  first  or  "  fed  "  dog  to  inhale  chloroform,  its  heart  quickly  became 
arrested,  while  its  respiratory  centre,  supplied  with  good  blood  from  the 
second  dog  or  "feeder,"  continued  to  act.  This  experiment  proves  that 
the  poisoning  of  the  heart  by  chloroform  does  not  depend  on  the  failure  of 
respiration. 

Respiration. — Expiration  against  obstruction  requires  muscular  effort, 
and  seems  to  be  either  a  reflex  or  a  voluntary  act.  It  does  not  simply 
depend,  as  is  the  case  with  inspiration,  on  the  rhythmic  activity  of  the 
respiratory  centre.  Ordinary  quiet  expiration  is  brought  about  by  the 
elastic  rebound  of  the  stretched  lungs  and  thoracic  and  abdominal  walls 
(Kichet),  and  is  not  accompanied  with  a  change  of  pressure  greater  than 
6  to  10  mm.  Hg.  During  deep  anaesthesia  the  slightest  obstacle  to  ex- 
piration may  imperil  the  respiration,  for,  owing  to  the  failure  of  reflex 
excitability,  there  is  no  response  to  the  obstruction. 

When  air  saturated  with  chloroform  is  breathed,  there  instantly  occur 
violent  efforts  at  deglutition.  •  In  the  rabbit,  during  deglutition,  the  true 
vocal  cords  close  together,  and  there  simultaneously  occurs  a  tight 
approximation  of  the  arytenoids,  followed  by  a  bending  downwards  and 
forwards  of  these  cartilages.  Thereby  they  almost  reach  the  anterior 
boundary  of  the  glottis,  and  thus  nearly  close  the  larynx.  This  move- 
ment precedes  the  ascent  of  the  larynx.  With  the  laryngoscope,  Czermak 
has  observed  the  same  movements  in  man.  The  act  of  deglutition  is 
repeated  many  times  until  the  animal  passes  under  the  anaesthetic,  when 
the  vocal  cords  tend  to  approximate  at  each  expiration.  Obstructive 
respiratory  spasm  is  generally  the  primary  cause  of  cardiac  failure  in 
chloroform  syncope.  Horsley  and  Semon  found  in  dogs  that  the  adductors 
of  the  vocal  cords  were  most  active  under  light  etherisation,  while  the 
abductors  became  more  powerful  under  deep  etherisation.  The  tongue 
often  becomes  greatly  engorged  and  very  large  during  anaesthesia  (Hewitt). 
Laryngeal  stertor  is  associated  with  imperfect  anaesthesia.  High-pitched 
inspiratory  stridor,  and  very  rapid,  quick  respiration  are  both  signs  of 
danger.  It  is  highly  important  to  maintain  a  free  air-way  by  pushing 
the  lower  jaw  forwards.  The  tongue  and  epiglottis  are  thus  prevented  from 
falling  back  against  the  pharynx.  Eespiration  may  be  stimulated  by 
friction  of  the  lips.  The  risk  of  chloroforming  dogs  is  much  diminished 
by  keeping  their  mouths  open. 
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Respiratory  exchange  and  temperature.  —  The  temperature  falls  in 
anaesthesia  (average  0°'59  C.  in  thirty  cases,  Kappeler)  owing  to  the 
immobility  of  the  muscles  and  consequent  lowering  of  the  respiratory 
exchange.  The  exchange  may  be  lessened  by  50  to  60  per  cent.  Dogs 
yielding  1'2  grms.  CO.,  per  kilo  per  hour  may  while  under  deep  chloroform 
anaesthesia  give  off  only  0'6  grms.  C02  per  kilo  per  hour.  This  diminution 
is  due  to  the  fall  in  body  temperature,  and  to  the  immobility  of  the 
animal.  The  temperature  of  an  anaesthetised  cat  may  fall  3°  C.  in  the 
course  of  one  hour,  and  Bert  records  the  temperature  of  chloroformed  dogs 
as  falling  to  28°  C.  In  chloralised  guinea-pigs  the  temperature  may  fall 
even  to  18°  C.  The  smaller  animals  cool  far  the  most  quickly,  for  the 
proper  relation  of  the  rate  of  metabolism  to  the  area  of  surface  exposure 
(in  proportion  to  body  mass)  is  abolished.  The  combustion  during  anaes- 
thesia (Richet)  becomes  proportional  to  the  mass  of  the  body,  and  not  to 
the  area  of  surface  exposure. 

The  fall  of  temperature  is  more  rapid  in  deep  than  in  slight  anaesthesia, 
for  it  depends  entirely  on  the  degree  of  immobility  attained.  It  is  said 
that  the  radiation  of  heat  from  the  body  is  lessened  by  50  per  cent. 
(D'Arsonval).  After  inducing  anaesthesia  for  a  period  of  twenty  minutes, 
the  temperature  returned  to  normal  in  one  hour,  but  the  radiant  heat 
given  off  at  this  period  is  still  less  than  normal.  Twenty-four  hours  after 
the  anaesthesia  the  radiation  of  heat  becomes  greater  than  normal ;  the 
period  of  reaction  ceases  by  the  forty-eighth  hour  (Vidal). 

The  respiratory  quotient  may  become  greater  than  normal  during 
anaesthesia,  that  is  to  say,  the  diminution  of  CO2  exhaled  becomes  pro- 
portionately less  than  the  diminution  of  oxygen  inhaled.  This  only 
occurs,  however,  when  the  respiration  is  superficial  in  nature.  Likewise 
under  these  conditions  the  quantity  of  C02  in  the  blood  may  become 
greater  and  of  0  less1  (Bert,  Arloing,  De  Saint  Martin).  The  diminution 
in  C02  output  continues  for  one  to  one  and  a  half  hours  after  the  period 
of  anaesthesia ;  it  becomes  normal  four  hours  after ;  a  reactionary  increase 
takes  place  in  twenty-four  hours  and  terminates  by  the  forty-eighth 
hour. 

Muscle  nerve. — The  muscular  system  is  almost  always  completely 
relaxed  under  chloroform,  but  with  ether  a  slight  degree  of  rigidity  may 
persist  for  some  time,  even  though  the  anaesthetic  be  very  freely  used ; 
the  motor  and  sensory  nerves  are  not  affected  in  their  excitability  during 
ordinary  anaesthesia.  The  lower  part  of  the  spinal  cord  of  the  frog,  after  a 
division  has  been  made  at  the  level  of  the  third  or  fourth  vertebra,  is  cut 
off  from  the  circulation.  On  anaesthetising  the  animal,  it  will  be  found 
that  the  lower  half  of  the  body  reacts  reflexly  to  sensory  excitation,  not- 
withstanding the  fact  that  the  sensory  nerves  have  been  exposed  to  the 
action  of  the  drug  (Bernstein).  When  a  portion  of  a  nerve  is  exposed  to 
vapour  of  ether,  the  excitability  persists  in  this  longer  than  the  power  of 
conductivity. 

Pupil. — With  ether  and  in  the  second  stage  of  anaesthesia,  the  pupil  is 
in  most  cases  moderately  dilated.  As  the  third  stage  of  anaesthesia  comes 
on,  the  pupil  reacts  sluggishly  or  not  at  all  to  light,  and  becomes  smaller 
and  more  fixed.  In  the  third  stage  of  chloroform  anaesthesia  the  pupil  is 
moderately  contracted  and  does  not  react  to  light,  and  the  lid  reflex  is 

1  In  anaesthesia  produced  by  inhalation  of  oxygen  and  nitrous  oxide,  the  C02  in  the  blood 
may  be  reduced  by  half  the  normal,  while  the  oxygen  is  maintained  at  10  vols.  per  cent. 
— KEMP. 
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absent.  The  loss  of  association  in  the  movements  of  the  eyeballs  is  also 
a  sign  of  deepening  amesthesia.  The  pupil  can  at  this  stage  be  dilated 
by  excitation  of  the  cervical  sympathetic  nerve,  and  in  man  the  pupils 
may  remain  dilated  while  operations  are  performed  in  the  neighbourhood 
of  this  nerve.  In  chloroformed  dogs  the  pupils  are  always  dilated.  In 
the  fourth  stage  of  anaesthesia  the  pupil  becomes  widely  dilated  owing  to 
paralysis  of  the  constrictor  mechanism.  The  state  of  the  pupil,  just  as  the 
respiration,  varies  with  the  excitations  which  arise  from  operative  pro- 
cedures. 

Urine. — Albuminuria  is  rarely  produced,  and  if  already  present  is 
not  generally  increased  in  amount  by  ordinary  chloroform  anaesthesia.  The 
hypodermic  injection  of  chloroform  in  animals  produces  albuminuria,  while 
repeated  inhalation  of  the  drug  caused  cloudy  swelling  of  the  renal 
epithelium,  the  excretion  of  renal  casts,  albuminuria,  and  finally  fatty 
degeneration  of  the  kidney.  No  chloroform  is  excreted  as  such  in  the 
urine.  Kast  is  of  opinion  that  by  oxidation  it  becomes  changed  into 
trichlorornethylic  alcohol,  and  this  is  excreted  in  combination  with 
glycurouic  acid,  and  thus  the  reducing  power  of  the  urine  is  increased  by 
chloroform  inhalation,  but  this  is  not  due  to  sugar.  According  to  Vidal, 
the  excretion  of  N  may  be  doubled  during  the  first,  or  more  often  the 
second  day  after  chloroformisation.  This  is  due  to  an  increase  in  uric  acid, 
creatiriin,  and  other  alloxure  bodies,  for  the  amount  of  urea  excreted  is 
actually  diminished.  The  chlorides,  sulphates,  and  phosphates  in  the  urine 
simultaneously  increase  in  amount.  The  state  of  the  urine  indicates  not 
only  increased  destruction  of  tissue  proteids,  but  a  diminution  in  the 
urea-forming  activity  of  the  liver. 

Grube  states  that  urobilinuria  is  frequent  at  the  end  of  the  second  or 
third  day.  This  indicates  an  increased  destruction  of  the  red  blood 
corpuscles.  The  toxicity  of  the  urine  is  increased  (Vidal). 

The  effect  of  temperature  on  evaporation  of  chloroform. — When 
chloroform  is  inhaled  it  enters  the  blood  until  an  equilibrium  is  established 
between  the  tension  of  chloroform  in  the  alveolar  air  and  that  in  the  blood. 
So  long  as  the  tension  in  the  air  is  maintained  above  or  equal  to  that  in 
the  blood,  no  chloroform  escapes  from  the  blood  through  the  pulmonary 
epithelium.  "  As  the  proportion  of  vapour  in  the  air  breathed  is  to  the 
proportion  that  the  air  would  contain  if  saturated  at  the  temperature  of  the 
blood,  so  is  the  proportion  of  vapour  absorbed  into  the  blood  to  the  propor- 
tion the  blood  would  dissolve  "  (Snow,  p.  59).  The  quantity  of  vapour  of 
chloroform  that  the  air  will  hold  in  solution  at  different  temperatures  under 
the  ordinary  pressure  of  the  atmosphere,  depends  on  the  tension  of  the 
vapour  at  these  temperatures. 

Now  100  cubic  in.  of  air  take  up  — 

At  40°  F.,     7  cubic  in.  of  chloroform  vapour,  and  becomes  107  c.c. 
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To  put  this  in  another  way — in  100  cubic  in.  of  air  saturated  with 
chloroform  there  would  be — 

Chloroform 
Vapour. 
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35     (Snow.) 
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If  the  air  inhaled  be  half  saturated,  then  at  50°  F.  there  would  IDC  4  per 
cent.,  and  at  70°  F.  9-5  per  cent,  of  chloroform  vapour  in  the  mixture. 

Suppose  a  towel  wet  with  chloroform  be  placed  over  the  face  of  a 
patient  on  a  cold  day,  and  the  patient  be  struggling  and  holding  his  breath, 
and  suppose  the  temperature  beneath  the  towel  rises  to  80°  F.,  and  the  air 
beneath  the  towel  become  saturated,  the  volume  of  chloroform  vapour 
will  then  rise  to  26  per  cent.  On  the  outside  of  the  towel  the  chloroform 
will,  owing  to  the  lower  temperature,  evaporate  less  rapidly.  At  60°  F., 
for  example,  the  saturation  point  is  reached  at  12  per  cent.  In  very  hot 
weather,  on  the  other  hand,  when  the  outside  temperature  is  say  90°  F., 
the  evaporation  of  chloroform  from  the  outside  of  the  towel  will  be  the 
more  rapid,  and  there  will  be  a  far  less  danger  of  the  drug  accumulating 
in  dangerous  volume  underneath  the  towel.  It  has  been  recorded  that 
in  New  South  Wales,  where  the  summer  temperature  is  over  90°  F.,  it  is 
not  possible  to  anaesthetise  a  patient  by  using  a  Skinner's  mask  covered 
with  a  single  layer  of  flannel.  Under  these  conditions  the  flannel  must  be 
made  doubly  or  trebly  thick.  Hence,  too,  the  safety  of  chloroform  in  hot 
climates.  This  influence  of  temperature  on  the  evaporation  of  chloroform 
is  a  matter  of  supreme  importance.  It  is  clear  that  folded  towels  should 
not  be  employed  in  cold  climates,  but  small  masks  which  allow  a  free  cir- 
culation of  air.  If  the  air  be  cold,  and  the  chloroform  cold,  it  will  vaporise 
but  slowly,  except  when  warmed  by  the  face  and  breath  of  the  patient. 
Owing  to  this,  the  patient  must  inhale  very  varying  strengths  of  vapour. 
In  warm  weather,  on  the  other  hand,  the  drug  is  evenly  vaporised  and 
evenly  eliminated.  It  is  to  be  noted  that  on  mixing  anaesthetics,  as  in  the 
A.G.E.  mixture,  the  more  volatile  drug  (ether)  increases  the  rate  of  evapora- 
tion of  the  less  volatile  (chloroform) ;  that  is  to  say,  at  temperature  below 
the  boiling-point  of  the  latter  (Minor). 

The  continuous  inhalation  of  chloroform  and  ether  at  low  concentrations 
will  produce  anaesthesia,  as  the  following  results  of  H.  C.  Wood  show.  He 
found  that  0'6  c.c.  of  chloroform  per  100  litres  of  air  (015  vol.  per  cent.) 
produced  in  dogs  the  first  sign  of  uneasiness  in  one  and  three-quarter  hours, 
while  2  to  2'5  c.c.  per  100  litres  (0'56  to  0'70  vol.  per  cent.)  was  effective 
in  producing  restlessness  in  a  quarter  of  an  hour.  Even  such  low  con- 
centrations as  1*2  c.c.  per  100  litres  (0'34  vol.  per  cent.)  after  some  hours 
caused  a  semi-paralytic  condition,  for  the  dogs  had  not  then  the  power  to 
stand  up.  While  10  c.c.  of  ether  per  100  litres  (24  per  cent.)  caused  symp- 
toms after  one  hour's  inhalation,  12  c.c.  per  100  litres  (2'9  per  cent.)  took  effect 
after  half  an  hour.  Chloroform  is  thus  about  ten  times  as  powerful  as  ether. 

In  using  low  concentrations,  ether  never  produces  excitement  in 
animals,  while  chloroform  constantly  does.  Clinically,  by  using  very  low 
concentrations,  Wood  has  produced  anaesthesia  with  ether  without  any  stage 
of  excitement.  After  prolonged  inhalation  of  dilute  chloroform  vapour, 
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the  animal  is  disinclined  to  run  about,  and  is  dull  and  depressed.  If  ether, 
on  the  other  hand,  be  employed,  the  dogs  are  lively  and  exuberant.  The 
animals  take  three  times  as  long  to  recover  after  the  inhalation  of  chloro- 
form as  after  that  of  ether,  the  vapour  being  of  proportionate  strength. 
Prolonged  inhalation  of  dilute  chloroform  vapour  may  subsequently  prove 
fatal ;  this  is  never  the  case  with  ether.  For  example,  a  rabbit  after  inhal- 
ing chloroform  for  six  hours  (1*2  c.c.  per  100  litres)  died  two  hours  after  its 
removal  from  the  chamber.  On  the  other  hand,  two  rabbits  exposed  to 
ether  (15  to  20  c.c.  per  100  litres)  recovered,  so  far  as  to  walk,  in  half  an 
hour.  This  is  a  fact  of  the  utmost  importance  in  judging  between  the 
relative  merits  which  the  two  drugs  possess  for  maintaining  prolonged 
amesthesia,  for  chloroform  may  be  the  cause  of  death  in  certain  cases 
usually  ascribed  to  shock  from  operative  procedures. 

The  onset  of  symptoms  on  using  low  concentration  is  as  follows : — 

1.  Kestlessness. 

2.  Loss  of  hearing.     This  is  the  earliest  symptom  of  psychic  disorder. 
Sight  is  affected  later. 

3.  Some  disturbance  of  motor  co-ordination  precedes  the  loss  of  hearing, 
but  reeling  and  staggering  occur  after  it  as  the  movements  become  more 
violent,  while  they  lessen  in  purpose  and  force.     There  appears  to  be  a 
paralysis  of  inhibition  (probably  of  the  reception  of  sensory  impulses  which 
control  movements)  rather  than  an  excitation  of  the  motor  centres.     The 
same   movements   are   repeated  over  and  over  again,  for  the  impulse  to 
motor  discharge  when  once  started  is  not  checked  by  other  sensations. 

4.  Reaction  to  sensory  excitation  (electrical  stimulation  of  the  ear)  is 
dulled  at  a  period  when  the  animal  is  still  able  to  walk  naturally. 

5.  The  animal  finally  loses  the  ability  to  stand  or  walk,  and  this  occurs 
before  the  reaction  to  sensation  is  entirely  lost,  and  while  the  patellar  reflex 
is  still  present. 

Anstie  inhaled  30  grms.  of  ether  from  a  mask  which  he  fastened  to  his 
face.  "  The  first  symptoms,"  he  writes,  "  were  those  of  simple  exhilaration 
and  warmth  extending  all  over  the  body  :  the  pulse  was  somewhat  increased 
in  frequency,  and  the  heart's  action  became  strong  and  perceptible  to  my- 
self. For  more  than  thirty  seconds  I  experienced  no  other  feelings  than 
these.  A  sense  of  numbness  and  indistinct  tingling  then  began  to  affect 
the  feet  and  spread  upwards  with  considerable  rapidity.  Almost  simul- 
taneously perspiration  broke  out  on  the  forehead,  and  I  began  to  be  dizzy, 
with  a  feeling  as  if  the  room  were  spinning  round.  I  felt  a  strong  inclina- 
tion to  laugh,  and  I  believe  I  did  so.  It  was  now  impossible  for  me  to  see 
the  movements  of  the  second  hand  of  the  watch  which  I  held  in  my  hand, 
or  even  the  large  figures ;  my  limbs  felt  like  lead,  and  almost  the  last  thing 
of  which  I  was  conscious  was  that  my  pencil  fell  out  of  my  hand,  and  that 
I  could  neither  see  it  on  the  floor  nor  move  my  feet  to  feel  for  it.  On 
recovering  consciousness,  I  could  not  at  first  move  any  of  my  limbs,  and  the 
room  still  seemed  to  spin  round.  It  was  some  time  before  I  could  distin- 
guish the  figures  on  my  watch  ;  when  I  had  accomplished  this,  it  appeared 
that  thirty-five  minutes  had  elapsed  since  the  commencement  of  inhala- 
tion. I  was  comfortable  and  cool,  but  my  face  was  damp  with  copious 
perspiration.  There  was  still  a  sensation  of  numbness  and  tingling  in  all  my 
limbs,  and  on  attempting  to  walk  I  could  not  manage  my  legs.  In  less  than 
five  minutes  more  I  had  completely  recovered." 

Course  of  anaesthesia. — The  course  of  anaesthesia  is  usually  divided 
into  four  stages. 


102  CHLOROFORM  AND  ETHER. 

First  stage. — In  the  first  stage  the  respiration  becomes  quicker  and 
deeper,  the  heart  accelerated,  and  the  arterial  pressure  raised.  The  pupils 
become  large  and  mobile.  These  changes  are  concomitant  with  the  period 
of  hyper-excitement,  which  is  evidenced  externally  by  struggling,  laughing, 
crying,  or  singing.  There  simultaneously  occur  disturbances  of  the  higher 
senses.  The  voice  of  a  bystander  seems  painfully  loud.  Singing  in  the 
ears,  buzzing  or  hammering  noises  are  heard.  A  peculiar  prickly  sensation 
may  run  over  the  body.  The  intensity  with  which  sensations  enter  into 
consciousness  is  diminished,  and  at  the  same  time  there  occurs  an  aug- 
mentation of  intellectual  activity  or  hyperideation.  Consciousness  appears 
as  it  were  cut  off  from  the  external  world,  and  revels  in  untrammelled  fancy. 
In  the  very  early  stage  the  fancies  may  persist  as  memories,  and  thus  erotic 
ideas  aroused  by  the  anaesthetic  may,  by  persisting  as  memories,  form  the 
basis  of  unfounded  charges  against  the  medical  attendant.  Even  in  the  stage 
of  struggling  and  crying  the  receptivity  of  sensations  is  so  weakened  that 
memory  of  the  pain  of  an  operation  does  not  persist.  The  patient  may  be 
so  far  conscious  as  to  answer  questions  and  yet  be  analgesic.  In  dogs  and 
cats  the  stage  of  hyper-excitement  is  very  marked.  On  the  other  hand, 
monkeys,  like  children,  become  anaesthetised  without  delirium,  and  quickly 
fall  into  a  quiet  sleep. 

Second  stage. — In  the  second  stage  the  noisy  period  gradually  dies  away 
into  silence.  There  is  an  abrupt  loss  of  consciousness,  and  yet  the  subject 
continues  to  respond  to  stimuli.  He  may  give  nonsensical  replies  to 
questions,  restlessly  moves  if  held  down  and  restrained.  The  muscles  are 
tonically  contracted  and  reflexes  persist.  Occasionally  clonic  spasms  occur. 
When  ether  is  inhaled,  the  perspiration  is  profuse,  and  salivation  occurs. 
The  face  becomes  flushed  and  of  a  dusky  colour,  the  pulse  is  quick  and 
bounding.  Inarticulate  muttering  changes  into  expiratory  noises.  The 
breathing  is  somewhat  irregular  owing  to  the  muscular  spasm.  Masseteric 
or  laryngeal  spasm  and  half-swallowing  movements  may  in  particular  alter 
the  breathing.  Chloroform  causes  the  respiration  at  this  stage  to  become 
less  frequent,  regular,  and  superficial,  while  the  heart  beats  more  slowly, 
and  the  pupils  are  contracted.  Both  the  muscles  and  heart  are  in  a 
state  of  tone  under  ether,  while  the  heart  is  atonic  under  the  influence  of 
chloroform. 

Third  stage. — The  second  stage  rapidly  merges  into  the  third.  There 
is  cessation  of  spasm,  and  the  respiration  becomes  regular  and  slightly 
stertorous.  The  cornea  is  insensitive  and  the  patellar  reflex  abolished.  On 
the  other  hand,  the  respiratory  reflexes  persist,  as  is  shown  in  animals,  by 
the  effect  which  follows  section  of  both  vagi. 

In  the  case  of  ether  the  pulse  is  full,  bounding,  and  regular,  80  to  100 
in  frequency,  and  the  face  is  flushed.  A  roseolous  rash  may  at  this  stage 
appear  on  the  chest  and  neck.  The  pupils  are  moderate  in  size  or  slightly 
dilated  and  sensitive  to  light.  In  the  case  of  chloroform,  on  the  other  hand, 
the  arterial  pressure  is  lowered  and  the  heart  accelerated.  The  face  is  paler 
than  normal,  and  incised  wounds  bleed  little.  The  pupils  are  moderately 
constricted. 

Fourth  stage. — If  an  animal,  after  prolonged  anaesthesia  and  in  a  state 
of  complete  muscular  relaxation,  be  killed  by  an  excessive  dose  of  chloro- 
form, the  following  is  the  sequence  of  events.  The  heart  increases  in 
frequency,  while  the  arterial  pressure  falls  more  and  more.  Soon  the 
contraction  of  the  heart  becomes  almost  imperceptible,  and  the  frequency 
of  beat  drops  greatly.  At  the  same  time  the  respiration  becomes  acceler- 
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ated  and  of  little  amplitude.  Each  breath  is  precipitated  by  a  cardiac 
beat.  Finally,  the  respiration  stops  some  two  minutes  before  the  final 
nicker  of  the  dilated  ventricles.  The  arrest  of  respiration  experimentally  is 
not  dangerous  so  long  as  the  heart  continues  to  beat,  for  recovery  can  be 
brought  about  by  artificial  respiration.  Asphyxia  in  a  deeply  anaesthetised 
animal  takes  place  without  convulsions,  and  comes  on  with  extreme  slow- 
ness. Owing  to  the  diminution  of  gaseous  exchange,  the  lowering  of 
temperature,  and  the  absence  of  convulsions,  it  is  possible  to  close  the 
trachea  of  a  deeply  anaesthetised  animal  for  a  long  time  without  arresting 
the  heart.  Normal  rabbits  are  asphyxiated  in  two  and  a  half  minutes, 
chloralised  rabbits  in  eight  to  ten  minutes.  Curarised  animals  can  be 
recovered  from  asphyxia,  four  to  five  minutes,  and  sometimes  sixteen 
minutes  after  ligature  of  the  trachea.  After  arrest  of  the  respiration  by 
chloroform,  recovery  can  rarely  be  brought  about  if  artificial  respiration  be 
delayed  longer  than  twenty  to  thirty  seconds. 

Effect  of  repeated  inhalations. — Dogs  chloroformed  on  successive  days 
rapidly  lose  weight  and  become  somnolent.  They  continue  to  eat  heartily, 
however,  and  remain  responsive  to  ordinary  stimulations,  and  become  in  no 
way  paralysed. 

Casse  has  collected  thirty -seven  cases  of  paralysis  following  chloroform 
anaesthesia.  The  paralysis  generally  affects  the  upper  half  of  the  body, 
and  is  probably  due  to  cerebral  anaemia  arising  in  cases  where  the  circula- 
•  tion  is  profoundly  depressed  by  the  drug.  After  repeated  chloroformisation, 
animals  show  signs  of  fatty  degeneration  in  the  heart,  muscles,  liver, 
kidneys,  and  mucous  membranes.  The  successive  periods  of  anaesthesia 
have  a  cumulative  effect. 

Botscharow  and  S.  Schmidt  have  studied  the  degeneration  of  the  cardiac 
ganglion  cells  which  occurs  after  chloroform  inhalation.  They  record  a 
disappearance  of  the  granules  of  the  cell  protoplasm,  swelling  of  the 
nucleus,  and  a  production  of  vacuoles  around  the  margin  of  the  cell. 
Fatty  droplets  appear  in  the  ganglion  cells  after  repeated  anaesthesia. 
It  is  most  probable  that  the  ganglion  cells  are  incapable  of  regeneration. 
Atropine  in  large  doses  likewise  damages  the  ganglion  cells  of  the  heart. 
No  such  result  is  obtained  after  etherisation. 

Chloroform  combined  with  other  drugs. — Alcohol  increases  the 
resistance  to  the  action  of  chloroform,  and  confirmed  drinkers  take  the 
anaesthetic  badly.  They  require  much  of  the  drug,  and  struggle  under  its 
influence.  A  small  dose  of  morphine,  on  the  other  hand,  weakens  the 
resistance  of  the  nervous  system,  and  thus  enables  the  chloroform  to  act 
rapidly.  At  the  same  time  morphine  abolishes  altogether  the  dangerous 
struggling  stage,  and  maintains  the  action  of  the  vagal  centre.  Dastre 
and  Morat  combine  atropine  with  morphine,  and  habitually  employ 
these  drugs  before  giving  chloroform  to  dogs.  While  the  morphine  stops 
the  struggling  stage,  atropine  prevents  cardiac  inhibition,  stops  vomiting, 
and  abolishes  salivation  and  the  secretion  of  mucus  in  the  air  tubes.  The 
dose  for  dogs  is  \  c.c.  per  kilo  of  body  weight  of  the  following  mixture : — 

Morphine       .        ;,  .       .         . ;        2  cgrms.  per  c.c. 
Atropine    /  .   ,  j  |.  .,   (  .       .  ..  •      2  mgrms        ,, 

For  man  the  injection  of  1  c.c.  of  the  following  has  been  employed : — 

Morphine  hydrochlorate       >}.  ,       10  cgrm. 
Atropine  sulphate  ...  5  mgrm. 

Water.         .      (|}iO  Jil/ JIM.  .i      10  grm. 
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Cocaine  has  been  employed  for  painting  the  nose  and  mouth  before  the 
inhalation  of  chloroform.  This  is  done  with  the  view  to  prevent  the 
reflex  excitation  of  struggling,  holding  the  breath,  and  cardiac  inhibition. 

Therapeutics. — Both  chloroform  and  ether  readily  evaporate,  hence 
collodion  is  dissolved  in  ether,  for  as  the  ether  evaporates  a  protective  film 
is  left.  The  evaporation  of  ether  produces  a  cooling  effect,  but  if  the  vapour 
is  confined,  or  chloroform  or  ether  is  rubbed  in,  considerable  vascular  dilata- 
tion, which  may  pass  on  to  vesication,  is  produced.  Linimentum  Chloro- 
formi  (B.P.  and  U.S.P.)  is  a  popular  and  excellent  counter-irritant.  It 
contains  chloroform  and  camphor  liniment.  The  sweetish  taste  of  diluted 
chloroform  renders  Aqua  Chloroformi  (B.P.  and  U.S.P.)  a  popular  vehicle 
for  nauseous  drugs,  and  Spiritus  Chloroformi  (B.P.  and  U.S.P.)  is  a  favourite 
flavouring  agent.  When  taken  internally,  chloroform  and  ether  act  much 
like  alcohol  (see  p.  105).  Spiritus  Athens  (B.P.  and  U.S.P.)  and  Spiritus 
^Etheris  Compositus  (B.P.  and  U.S.P.)  are  both  of  them  frequently  given  to 
aid  digestion  and  as  general  stimulants,  and  ether  may  be  injected  sub- 
cutaneously.  The  therapeutic  effects  of  chloroform  and  ether  as  anaes- 
thetics are  discussed  in  another  article  (p.  58). 
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(B.P.    AND    U.S. P.) 

JTOXICATING  liquors  obtained  by  the  fermentation  of  various  vegetable 
ibstances  were  known  to  many  races  from  the  earliest  times,  amongst 
thers  to  the  Chinese,  who  used  rice  for  the  purpose.  Ethylic  alcohol, 
Dmmonly  called  alcohol,  was  apparently  known  to  Western  nations  as  a 
product  of  the  distillation  of  wine  aboiit  the  eighth  century,  for  it  is 
mentioned  by  Marcus  Gmecus  under  the  name  of  aqua  ardens,  and  by 
Geber,  the  great  Arabian  alchemist,  as  aqua  vitce.  In  the  twelfth  century 
Abucasis  obtained  a  purer  alcohol  by  the  more  thorough  distillation  of 
wine.  In  the  thirteenth  century,  Lullius,  by  the  use  of  potassium 
carbonate,  obtained  partially  dehydrated  alcohol.  In  1796,  Lowitx  obtained 
anhydrous  alcohol.  Lavoisier  and  De  Saussure  determined  the  composition 
of  alcohol. 

Ethylic  alcohol,  known  as  alcohol  in  both  Pharmacopoeias,  is  obtained 
by  the  distillation  of  wine  and  other  fermented  liquors ;  it  is  formed 
during  the  process  of  fermentation  of  sugar  by  the  activity  of  the 
yeast  fungus,  saccharomyces  cerevisice.  The  activity  of  this  organism 
causes  the  molecule  of  sugar  to  decompose  into  alcohol  and  carbon 
dioxide ;  a  considerable  number  of  other  substances,  however,  are  formed 
at  the  same  time  in  smaller  amounts.  The  most  important  of  these 
are  a  number  of  homologous  alcohols  of  the  fatty  series,  such  as 
propyl,  butyl,  amyl,  hexyl,  heptyl,  and  octyl  alcohols,  various  aldehydes 
and  ethers,  acetic  acid,  succinic  acid,  glycerin,  etc.  It  is  said  that 
about  6  per  cent,  of  the  sugar  is  converted  into  these  collateral 
products.  The  term  fusel  oil  is  applied  to  some  of  these  by-products 
of  alcoholic  fermentation.  Fusel  oil,  which  has  a  higher  boiling  point 
than  ethylic  alcohol,  always  contains  amyl  and  ethyl  alcohol,  and 
usually  iso-butyl  and  propyl  alcohols,  fatty  acids,  and  ethers.  Its  com- 
position varies  with  the  nature  and  origin  of  the  material  fermented. 
Amylic  alcohol  is  especially  abundant  in  the  fusel  oil  obtained  from  the 
fermentation  of  potato,  butylic  in  that  obtained  from  beetroot,  and  propylic 
in  that  obtained  from  the  marc  of  grapes.  Furfurol  has  been  detected 
in  brandy  and  also  in  beer,  and  is  a  body  of  some  importance  owing 
to  its  toxic  action.  Other  substances  in  alcohol  are  tannic  acid  and 
resins.  The  action  of  the  yeast  organism  ceases  when  some  20  per 
cent,  of  alcohol,  the  product  of  its  activity,  is  present  in  the  fermented 
liquor. 

Anhydrous  alcohol  can  be  obtained  by  the  distillation  of  the  crude 
alcohol  with  potassium  carbonate,  chloride  of  calcium,  or  quicklime ;  the 
last  is  the  readiest  method.  Potassium  carbonate  will  also  remove  such 
materials  as  acetic  acid.  The  fusel  oil  can  be  removed  by  distillation  with 
charcoal.  Anhydrous  alcohol  is  a  colourless,  transparent,  mobile  fluid, 
with  a  specific  gravity  of  07937  at  15°'5  C. ;  its  boiling  point  is  78°4  C., 
and  its  melting  point  is  -130°  C.  Sulphate  of  copper  burnt  to  a  white 
colour  does  not  become  blue  when  added  to  anhydrous  alcohol. 

Ethylic  alcohol  can  be  synthesised  by  passing  an  electric  current  through 
poles  of  carbon  in  an  atmosphere  of  hydrogen,  thus  forming  acetylene ;  this, 
when  treated  with  an  ammoniacal  solution  of  cuprous  chloride,  forms  a 
compound  with  the  copper  salt ;  this  compound,  when  heated  with  zinc  and 
dilute  ammonia,  decomposes,  the  acetylene  combining  with  the  nascent 


io6  ALCOHOL. 

hydrogen  and  forming  ethylene.  Ethylene,  when  treated  with  strong 
sulphuric  acid,  forms  ethyl  sulphuric  acid ;  and  this,  on  distillation  after 
dilution,  yields  alcohol. 

The  absolute  alcohol  of  the  British  Pharmacopoeia  contains  not  more 
than  1  per  cent,  by  weight  of  water  and  not  less  than  99  per  cent,  of  ethyl 
hydroxide.  Spiritus  Eectificatus  contains  90  per  cent,  of  ethyl  hydroxide 
by  volume,  and  liquids  containing  respectively  70,  60,  45,  and  20  per  cent, 
by  volume  are  official.  The  official  Spiritus  Vini  Gallici,  or  brandy,  contains 
not  less  than  43£  per  cent,  of  ethylic  alcohol;  the  Vinum  Xericum,  or 
sherry,  contains  not  less  than  16  per  cent. ;  and  the  Vinum  Aurantii 
between  10  and  12  per  cent.  The  Mistura  Spiritus  Vini  Gallici,  or  egg 
flip,  is  made  by  beating  up  the  yolk  of  two  eggs  with  |  oz.  of  sugar,  and 
adding  4  fluid  oz.  brandy  and  4  fluid  oz.  of  cinnamon  water. 

The  United  States  Pharmacopoeia  contains  absolute  alcohol,  containing 
not  more  than  1  per  cent,  by  weight  of  water ;  Alcohol  Deodoratum,  con- 
taining 7'5  per  cent,  by  weight  of  water ;  Alcohol,  containing  about  9  per 
cent. ;  Alcohol  Dilutum,  containing  about  59  per  cent.  Vinum  Album  is 
also  official,  and  is  used  to  make  the  various  vim  of  the  Pharmacopoeia. 

Pharmacology. — External. — The  effects  of  alcohol  when  applied 
externally  depend  in  part  on  its  great  volatility,  and  also  on  the  power 
it  has  of  absorbing  water.  The  former  produces  the  well-known  cooling 
effect,  the  latter  the  hardening  action  on  all  tissues  exposed  to  it.  If 
evaporation  be  allowed,  the  cooling  action  is  quite  sufficient  to  blanch  the 
parts.  Alcohol  is  also  an  antiseptic,  checking  putrefaction ;  and  this 
action  is  due  to  a  direct  toxic  action  on  the  organisms  causing  putrefaction, 
and  is  not  simply  owing  to  the  removal  of  water.  When  applied  extern- 
ally and  not  allowed  to  evaporate,  alcohol  causes  redness,  due  to  dilatation 
of  the  blood  vessels,  and  this  vascular  dilatation  may  go  on  to  inflamma- 
tion. This  is  especially  marked  if  the  alcohol  be  applied  with  friction, 
and  in  this  way  it  may  act  as  a  stimulant  to  nerve-endings  in  the 
skin. 

Internal. — Gastro-intcstinal  tract. — Internally,  on  the  mucous  mem- 
brane of  the  stomach,  alcohol  doubtless  produces  effects  very  similar  to 
those  seen  when  it  is  applied  to  the  skin.  In  addition,  it  seems  to  increase 
the  muscular  activity  of  the  stomach,  so  as  to  cause  its  contents  to  be 
expelled  into  the  duodenum.  This  is  said  to  occur  especially  when  the 
alcohol  is  concentrated.  It  is  said  to  diminish  the  amount  of  the  gastric 
and  pancreatic  secretions  when  given  in  large  quantities  and  in  a  con- 
centrated form,  but  this  is  not  so  when  the  alcohol  is  taken  in  small 
quantities  or  when  it  is  freely  diluted ;  indeed,  then  the  salivary  secretion 
is  greatly  increased,  and  the  gastric  and  pancreatic  secretions  are  said 
by  Bernard  and  others  to  be  also  increased.  In  large  quantities,  alcohol 
has  a  distinctly  retarding  effect  on  the  activity  of  the  salivary,  gastric,  and 
pancreatic  ferments.  Some  authorities  state  that  a  notable  retarding  effect 
is  seen  when  the  alcohol  is  present  to  the  extent  of  only  2  per  cent. ;  and 
with  15  per  cent,  and  upwards  of  alcohol  the  activity  of  the  digestive 
juices  is  arrested,  perhaps  owing  to  the  precipitation  of  the  pepsin.  The 
observations  of  Sir  William  Roberts  tend  to  show  that  salivary  and  gastric 
digestion  are  not  arrested  unless  some  40  per  cent,  of  proof  spirit  is 
present ;  and  in  the  case  of  pancreatic  digestion,  when  20  per  cent,  was 
present,  digestion  was  retarded  but  not  arrested.  The  activity,  however, 
recommences  on  dilution ;  and  it  must  be  remembered  that  alcohol  is 
absorbed  very  rapidly  from  the  stomach  and  intestines,  and  hence  it  is 
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not  probable  that  these  large  quantities  of  alcohol  can  be  present,  except 
perhaps  in  cases  of  intoxication.  Sometimes  the  retardation  of  digestion 
may  be  of  use,  as  for  instance  in  checking  the  formation  of  some  of  the 
final  products  of  digestive  activity  which  are  of  little  or  no  nutritive 
value.  The  long-continued  action  of  alcohol,  especially  in  excessive 
quantities,  on  the  gastric  mucous  membrane  causes  catarrh,  and  the 
stomach  becomes  coated  with  thick  tenacious  mucus,  and  digestion  is  then 
greatly  hampered,  the  food  in  the  stomach  undergoing  fermentation  and 
decomposition.1  Alcohol  may  aid  digestion  indirectly,  owing  to  its  solvent 
action  on  fat. 

The  action  of  alcohol  on  the  stomach,  therefore,  is  mixed,  since  it  is  prob- 
able that  it  has  a  stimulant  effect  by  its  direct  action  on  the  mucosa,  and 
so  may  aid  digestion ;  in  addition  to  helping  this  process  by  causing  the 
propulsion  of  the  gastric  contents  into  the  intestine,  and  by  increasing  the 
gastric  juice  if  the  alcohol  is  dilute.  The  increased  secretion  of  saliva  pro- 
duced may  also  aid  gastric  digestion,  as  saliva  is  a  most  efficient  excitant 
of  the  gastric  secretion.  On  the  other  hand,  there  is  undoubted  evidence 
that  if  it  be  administered  in  large  quantities,  and  especially  if  concentrated, 
it  retards  digestion,  checking  the  activity  of  the  gastric  glands  and  the 
action  of  the  digestive  ferment.  Alcohol  is  absorbed  rapidly  from  the 
digestive  tract,  and  it  also  increases  the  rate  of  absorption  of  other  sub- 
stances, as  can  be  shown  in  the  case  of  iodide  of  potassium. 

Excretion. — A  great  controversy  has  existed  in  regard  to  the  part 
alcohol  plays  in  the  economy,  and  the  mode  and  form  of  its  excretion. 
Formerly  it  was  thought  to  be  excreted  wholly  or  largely  in  the  form  of 
alcohol  itself,  owing  to  the  fact  that  alcohol  was  detected  in  the  urine 
and  breath  of  persons  after  the  ingestion  of  considerable  quantities  of  it. 
Parkes,  for  instance,  held  that  large  quantities  of  alcohol  escaped  in  the 
sweat  and  breath ;  but  this  view  has  been  controverted  by  Anstie,  Dupre, 
Binz,  Bodlander,  Strassmann,  and  others,  and  it  has  now  been  shown  by 
many  observers  that  only  from  3  to  5  per  cent,  of  the  alcohol  ingested 
reappears  as  such  in  the  excreta,  more  especially  in  the  urine  and  the 
expired  air,  which,  in  addition,  contains  small  quantities  of  aldehydes  and 
ethers.  Traces  of  alcohol  are  found  in  the  sweat,  but  none  is  eliminated 
in  the  milk  or  by  the  bowel,  unless  the  quantities  ingested  are  very  excess- 
ive. Nearly  the  whole  of  the  alcohol,  therefore,  is  used  up  in  the  economy, 
and  is  oxidised  probably  into  carbonic  acid  and  water,  as  intermediate 
products  of  oxidation  are  not  detected  in  the  blood  and  tissues  during 
its  administration,  and  it  is  only  in  expired  air  that  traces  of  ethereal 
products  are  found  giving  the  well-known  odour  to  the  breath  of  drinkers. 
No  aldehyde  or  acetic  acid  can  be  detected  in  the  urine  or  sweat. 

Metabolism. — The  consumption  of  oxygen  is  not  affected  by  the  ad- 
ministration of  alcohol.  Nearly  all  observers  agree  that  the  amount  of 
urea  excreted  is  diminished,  although  Parkes  stated  that  there  was  no 
diminution.  If  the  consumption  of  oxygen  is  not  increased,  and  the 
alcohol  itself  is  oxidised  in  the  body,  it  is  clear  that  the  administration  of 
alcohol,  followed  as  it  is  by  its  oxidation,  must  spare  the  oxidation  of  other 
constituents  of  the  body,  such  as  carbohydrates  and  fats;  hence  it  is 
entitled  to  be  regarded  as  a  food.  In  this  sense  it  may  be  said  to  check 
the  oxidation  processes  in  the  body,  being  itself  oxidised  in  lieu  of  the 

1  In  addition  to  a  direct  action  on  the  mucous  membrane,  alcohol  may  cause  fatty 
degeneration  of  muscular  tissues,  amongst  others  the  muscular  coat  of  the  stomach,  and 
in  this  way  produce  dilatation  of  the  stomach,  which  still  further  hampers  digestion. 
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oxidation  of  other  food-stuffs,  or  of  the  tissues.  Further,  if,  as  most 
observers  agree,  the  products  of  nitrogenous  metabolism  are  diminished 
during  its  administration,  alcohol  may  also  act  as  a  means  of  diminishing 
proteid  waste. 

As  alcohol  spares  the  carbohydrate  metabolism,  it  may  indirectly 
affect  proteid  metabolism,  for  it  is  well  known  that  the  proteid  meta- 
bolism of  the  body  is  intimately  associated  with  that  of  the  carbo- 
hydrates ;  an  excess  of  carbohydrate  food  diminishes  proteid  metabolism, 
and  the  latter  is  greatly  increased  when  the  supply  of  carbohydrate 
material  is  scanty.  For  these  reasons  alcohol  must  be  looked  upon  as 
a  food,  and  it  is  one  capable  of  ready  absorption.  Although  alcohol  is  a 
food,  yet  most  authorities  agree  that  it  is  not  a  necessary  food-stuff  in 
health,  and  particularly  in  young  and  healthy  adults,  since  its  use  has 
various  drawbacks,  amongst  others  the  effects  it  may  produce  on  the 
gastric  mucous  membrane.  Further,  as  it  is  a  stimulant,  its  action  is 
followed  by  a  period  of  reaction  or  depression ;  thus  it  is  not  suitable  as 
a  food  where  prolonged  or  severe  exertion  has  to  be  undertaken.  A 
spirit  ration  has  not  been  found  advantageous  in  the  army  during  long 
forced  marches,  as  the  depressing  after-effects  are  a  serious  drawback. 
If  fatigue  does  not  interfere  with  the  appetite,  ordinary  food  only  is 
far  better  than  alcohol ;  but  sometimes,  and  especially  in  older  persons, 
fatigue  prevents  the  taking  of  food  unless  the  appetite  be  excited,  and 
then  alcohol  is  very  suitable  for  this  purpose,  owing  to  its  stimulant 
action,  and  to  its  action  on  the  stomach  and  the  nervous  system.  Food 
is  sometimes  partaken  more  readily  with  alcohol ;  and  this  is  the  case  not 
only  after  fatigue,  but  also  in  the  aged,  in  whom  the  appetite  and  digestion 
are  often  poor.  The  long-continued  taking  of  alcohol,  especially  in  ex- 
cessive quantities,  and  still  more  so  in  the  form  of  beer,  causes  a  con- 
siderable increase  in  the  amount  of  adipose  tissue  in  the  body,  and 
persons  indulging  in  this  habit  become  excessively  stout.  This  excessive 
deposition  of  fat  is  probably  due  to  the  action  of  alcohol  in  sparing  the 
oxidation  of  the  carbohydrates  in  the  food  and  in  the  tissues.  Alcohol, 
however,  affects  the  processes  of  nutrition  still  more  profoundly  than  this, 
and  its  long-continued  administration  is  followed  not  only  by  the  de- 
position of  excessive  quantities  of  fat,  but  also  by  the  degeneration  of 
the  proteid  tissues  into  fat.  This  is  seen  especially  in  the  liver,  heart, 
and  kidneys.  When  the  deposition  of  fat  in  the  normal  situations  of 
adipose  tissue  is  very  excessive,  there  is  usually  some  fatty  degeneration 
of  the  heart,  liver,  and  kidneys ;  but  the  two  processes  are  not  necessarily 
equally  developed  in  these  cases,  and  the  fatty  degeneration  of  the  heart, 
liver,  and  kidneys  as  the  result  of  alcoholic  excess  may  be  extreme  and 
cause  death,  especially  in  young  adults,  without  of  necessity  being  associated 
with  any  great  deposition  of  fat  in  the  subcutaneous  tissues,  omentum, 
etc.  The  fatty  degeneration  produced  by  alcohol  is  dependent  upon  the 
alcohol  solely,  but  the  fattening  effect  seen  when  large  quantities  of  beer 
are  taken  is  probably  in  part  due  to  the  carbohydrates,  such  as  dextrin, 
contained  in  beer. 

Temperature,. — Alcohol  lowers  the  body  temperature,  although  the 
effect  is  so  slight,  unless  large  quantities  are  given,  that  its  antipyretic  action 
is  not  one  that  renders  it  very  suitable  for  use  where  an  antipyretic  action 
only  is  desired.  The  lowering  of  the  body  temperature  is  probably  due 
mainly  to  an  increase  in  the  loss  of  heat  dependent  upon  the  dilatation  of 
the  cutaneous  vessels,  but  it  may  be  due  in  part  to  a  decrease  in  the  pro- 
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duction  of  heat,  dependent  on  the  diminution  in  the  tissue  metabolism 
described  above  as  produced  by  alcohol.  Small  quantities  of  alcohol 
produce  no  effect  on  the  body  temperature,  although  they  cause  a  sense 
of  warmth  both  internally  and  in  the  skin.  The  feeling  of  heat  or  cold 
is  in  part  dependent  on  the  excitation  of  the  nerve-endings  in  the  skin, 
by  the  blood  in  the  cutaneous  blood  vessels,  so  that  dilatation  of  the  skin 
vessels  produces  a  sense  of  warmth,  and  constriction  a  sense  of  cold. 
Small  doses  of  alcohol  produce  a  dilatation  of  the  gastric  vessels,  and 
this,  doubtless,  is  the  cause  of  the  feeling  of  warmth  produced  by  taking 
small  quantities  of  strong  alcohol.  Moderate  doses,  amounting  to  from 
1  to  3  oz.  of  alcohol,  cause  a  fall  of  body  temperature  of  '5°  C.,  and  this 
without  causing  intoxication.  Narcotic  doses  cause  a  more  marked  fall, 
lasting  for  several  hours.  The  dilatation  of  the  cutaneous  vessels  pro- 
duced by  alcohol  is  the  great  objection  to  the  use  of  alcohol  in  health 
when  exposure  to  cold  is  necessary.  Normally  the  constriction  of  the 
skin  vessels  produced  by  cold  is  one  of  the  means  by  which  the  tempera- 
ture of  the  body  is  maintained  and  regulated,  the  external  cold  diminishes 
the  loss  of  heat  by  causing  this  vascular  constriction ;  cold  also  increases 
the  production  of  heat,  and  in  this  way  the  body  temperature  is  maintained. 
Alcohol  causes  an  increased  loss  and  a  diminished  production,  and  is 
therefore  most  unsuitable  where  exposure  to  severe  cold  is  unavoidable. 
Further,  alcohol  causes  sleepiness,  and  in  this  way  dangerous  results  and 
even  death  may  occur  from  copious  drinking  under  these  circumstances. 
Muscular  movements  are  most  necessary  to  keep  up  the  temperature  of 
the  body,  and  an  intoxicated  man  falling  asleep  in  the  snow  probably 
sleeps  into  death.  Inasmuch  as  our  sensations  of  heat  and  cold  are 
largely  dependent  on  the  state  of  the  cutaneous  vessels,  the  feeling  of 
warmth  produced  by  alcohol  is  readily  explained;  but  it  is  a  delusive 
sensation,  inasmuch  as  the  temperature  is  actually  falling  at  the  time. 

Nervous  system. — Alcohol  is  not  only  a  food  (nutrient)  and  an  anti- 
pyretic, but  it  is  also  a  stimulant,  and  its  stimulant  action  is  widespread, 
but  is  mainly  exerted  on  the  nervous  and  circulatory  systems.  Like  most 
stimulants,  alcohol  has  a  double  effect — the  increased  functional  activity 
caused  by  it  is  followed  by  a  period  of  diminished  activity  or  depression. 
This  is  especially  seen  in  the  case  of  the  nervous  system.  Further,  alcohol, 
like  most  other  drugs,  acts  on  the  higher  functions  first,  and  so  both  the 
stimulating  and  the  paralysing  action  of  the  drug  show  themselves  first  on 
the  highest  cerebral  centres.  To  a  great  extent  the  exact  effect  produced 
by  the  action  of  the  drug  depends  upon  the  nature  of  the  activity  of  these 
highest  centres.  Thus,  in  many,  alcohol  in  moderate  doses  increases  the 
power  of  speech  and  makes  the  loquacious  more  loquacious,  and  in  some 
few  cases,  perhaps,  it  is  capable  of  producing  a  brilliancy  of  thought  and 
expression  beyond  the  normal  of  the  individual;  this,  however,  is  rare, 
and  when  it  is  so,  the  benefit  is  purchased  at  a  heavy  cost :  the  quantity 
necessary  to  produce  the  effect  has  soon  to  be  increased,  and  the  toxic 
and  persistent  effects  of  the  alcohol  become  marked.  Although  the 
loquacious  and  verbose  persons  become,  under  the  influence  of  the  drug, 
more  loquacious  and  more  verbose,  the  taciturnity  of  the  melancholy 
becomes  also,  under  the  influence  of  alcohol,  more  marked,  and  such 
people  become  more  and  more  silent.  This  illustrates  very  well  the  action 
of  alcohol  in  increasing  the  nature  of  the  activity  of  these  higher  centres. 
The  period  during  which  the  activity  of  the  highest  centres  is  increased 
is  but  short,  and  soon  the  depressing  effects  of  the  drug  show  themselves. 
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The  increase  in  the  activity  of  certain  nervous  centres  may  be  iu  part 
real  but  is  in  part  apparent  only :  the  person  under  the  influence  of  even 
non-toxic  doses  imagines  that  he  is  capable  of  actions  and  ideas  that  he 
is  really  quite  incapable  of  effecting.  The  first  effect  of  this  kind  is 
probably  loss  or  impairment  of  judgment,  and  it  is  possible  that  the 
loquacity  observed  is  in  part  dependent  rather  upon  the  removal  of 
the  inhibitory  action  of  higher  centres  than  on  the  direct  stimulation  of 
the  speech  processes.  It  may  be  that  alcohol,  like  disease,  leads  to  the 
removal  of  the  inhibitory  influences  of  the  highest  centres,  and  thus  the 
apparent  increase  in  activity  of  lower  centres  is  really  dependent  upon 
the  paralysing  effect  of  the  drug  on  the  highest  centres.  The  action  of 
alcohol  in  this  respect  is  very  similar  to  the  effects  produced  in  the  early 
stages  of  certain  forms  of  insanity,  and  more  especially  in  general  paralysis, 
where  the  grandiose  ideas  and  the  difficulty  of  speech,  to  mention  only 
some  points  of  resemblance,  are  strikingly  similar  to  what  is  seen  in 
certain  stages  of  alcoholic  intoxication.  Alcohol  not  only  acts  differently 
in  different  subjects  as  regards  its  so-called  stimulating  effects,  but  also 
as  regards  its  paralytic  effects ;  thus  its  depressing  and  paralysing  effect 
is  shown  in  one  individual  by  thickness  of  utterance  and  the  striving 
for  words,  in  others  by  staggering  gait.  After  the  stage  of  excitement 
produced  by  the  stimulating  action  of  alcohol,  there  is  a  period  of  sleepi- 
ness, and  with  poisonous  and  narcotic  doses  this  sleep  may  pass  into 
actual  coma. 

Respiration. — Alcohol  increases  considerably  the  rate  of  respiration, 
and  the  volume  of  air  respired  may  be  increased  by  as  much  as  15  per  cent., 
although  this  result  is  not  constant.  Most  observers  agree  that  the  amount 
of  oxygen  consumed  is  not  increased,  so  it  is  probable  that  this  effect  on 
the  respiration  is  produced  through  the  nervous  system.  In  toxic  doses 
alcohol  depresses  the  activity  of  the  respiratory  centre. 

Circulatory  system. — On  the  circulatory  system  alcohol  has  a  con- 
siderable effect,  both  on  the  blood  vessels  and  on  the  heart.  As  mentioned 
before,  it  causes  considerable  dilatation  of  the  cutaneous  and  other  vessels. 
On  the  heart  alcohol  has  a  tonic  action,  causing  not  only  a  more  rapid 
beat  but  also  a  stronger  contraction,  especially  of  the  left  ventricle,  and 
this  view  has  been  accepted  by  most  observers.  When  injected,  however, 
in  large  doses  intravenously  in  animals,  the  force  of  the  ventricular  beat 
is  diminished  to  a  slight  extent.  This  effect  is  only  seen  with  doses  so 
large  as  to  have  no  bearing  on  the  therapeutic  action  of  alcohol.  The  in- 
crease in  the  force  and  activity  of  the  heart  is  not  entirely  dependent  on 
an  indirect  effect  produced  by  the  action  of  the  drug  on  the  blood  vessels 
of  the  body,  since  the  drug  causes  a  stronger  and  more  rapid  beat  in  the 
isolated  ventricle  ;  and  this  fact  negatives  the  views  of  those  who  thought 
that  the  increased  cardiac  rate  was  due  merely  to  the  vascular  dilatation 
leading  to  a  more  rapid  rhythm  according  to  Marey's  law.  Some  ob- 
servers have  denied  that  alcohol  in  any  way  increases  the  force  or  the 
rate  of  the  cardiac  beat  by  any  direct  action  on  the  muscular  substance 
of  the  heart,  and  they  consider  that  the  increased  cardiac  activity  seen 
clinically  after  its  administration  is  dependent  entirely  on  the  action  of 
the  alcohol  on  the  central  nervous  system.  There  is  abundant  evidence 
clinically  that  under  the  influence  of  moderate  quantities  of  alcohol  the 
force  of  the  heart-beat  is  increased. 

Kidneys, — Alcohol  is  also  a  diuretic,  more  especially  if  given  in  a  dilute 
form.  Certain  varieties  of  alcoholic  drinks,  especially  gin  and  whisky, 
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have  greater  diuretic  action  than  others.  This  diuretic  effect  is  partly 
dependent  upon  the  effects  produced  on  the  heart  and  blood  vessels.  The 
increased  force  and  rate  of  the  heart-beat  and  the  vascular  dilatation  would 
both  increase  the  blood  flow  through  the  kidney,  and  in  this  way  cause  an 
increased  flow  of  urine.  It  is  probable  that  alcohol  has  an  action  on  the 
glomerular  epithelium,  since  its  effect  in  increasing  the  water  of  the  urine 
is  so  marked.  The  specific  gravity  of  the  urine  secreted  after  copious 
drinking  is  very  low,  1005  or  even  less,  so  that  the  main  effect  is  to 
produce  a  great  increase  in  the  urinary  water,  with  little  or  no  increase  in 
the  total  urinary  solids.  When,  as  in  the  case  of  whisky,  Hollands  or 
gin,  the  diuretic  effect  is  very  marked,  it  is  partly  dependent  upon  the 
presence  of  other  substances  in  these  beverages. 

Toxicology. — The  long-continued  taking  of  alcohol  is  followed  by  a 
great  variety  of  toxic  effects,  some  temporary  and  others  permanent,  some 
local  and  some  general.  As  mentioned  above,  gastritis  and  dilatation  of 
the  stomach  are  apt  to  ensue  as  a  result  of  excessive  drinking.  The  toxic 
effect,  however,  is  not  confined  to  the  stomach,  but  affects  also  the  liver, 
causing  the  well-known  hepatic  cirrhosis.  Although  this  disease  is  un- 
questionably associated  with  excessive  drinking,  it  is  not  clear  whether  the 
effects  are  entirely  due  to  alcohol  or  to  other  substances  present,  inasmuch 
as  the  disease  is  not  simply  correlated  to  the  quantity  of  alcohol  consumed. 
It  may  reach  a  high  development  with  excessive  beer-drinkers  and  spirit- 
drinkers  in  some  countries,  e.g.  England,  whereas  it  is  rare  in  other 
countries,  as  for  instance  Scotland  and  Ireland.  Eenal  disease,  more  especi- 
ally chronic  Bright's  disease,  is  also  often  found  associated  with  alcoholism. 
Fatty  degeneration  of  the  heart,  liver,  and  kidneys  is  not  infrequent. 
A  particular  variety  of  dilated  heart  is  not  uncommonly  seen  in  those 
addicted  to  alcohol,  especially  in  the  middle-aged,  the  dilatation  being 
dependent  on  degenerative  changes  in  the  heart  wall.  The  toxic  action  of 
alcohol  on  the  nervous  system  is  very  marked,  producing  delirium  tremens, 
alcoholic  insanity,  and  peripheral  neuritis. 

The  toxic  effects  of  alcohol  are  often  seen  in  people  addicted  to  taking 
it  in  large  quantities,  although  such  persons  never  suffer  from  acute 
intoxication. 

Alcoholics,  quite  apart  from  any  definite  organic  disease,  suffer  from  a 
lowered  resistance,  so  that  they  succumb  readily  to  acute  illnesses  or  to 
accidents.  A  familiar  instance  of  this  is  the  fatal  course  that  pneumonia 
is  liable  to  take  in  them.  Delirium  tremens  may  be  seen  as  a  result 
of  a  single  debauch,  and  sometimes  it  is  seen  in  habitual  drinkers,  who 
are  not  necessarily  in  the  habit  of  getting  drunk,  and  more  especially  when 
such  persons  fall  victims  to  acute  illness  or  to  accidents.  It  may  rarely 
occur  as  a  result  of  stopping  the  taking  of  alcohol  in  persons  who  are 
accustomed  to  large  quantities. 

Therapeutics. — Alcohol  is  used  therapeutically  as  an  external  appli- 
cation, as  a  stimulant,  as  a  nutrient,  and  occasionally  as  an  antipyretic.  As 
an  external  application  it  is  mainly  used  for  hardening  the  skin  to  prevent 
the  formation  of  bed-sores,  or  as  a  lotion  to  the  nipples  to  harden  them. 
Brandy  is  commonly  applied  for  this  purpose.  Diluted  alcohol  may  also  be 
used  as  a  dressing  for  wounds.  It  may  also  be  applied  externally  in  the 
form  of  an  evaporating  lotion  to  relieve  pain,  as  for  instance  to  relieve 
the  headache  that  accompanies  febrile  processes,  or  to  relieve  the  pain  of 
superficial  inflammation.  The  subsidence  of  the  inflammatory  swelling  is 
helped  by  the  constriction  of  the  blood  vessels  produced  by  the  cooling 


112  ALCOHOL. 

action  when  alcohol  is  used  as  an  evaporating  lotion.  Eau-de-Cologne,  and 
the  lotio  spiritus  which  is  found  in  many  hospital  pharmacopoeias,  and 
which  consists  of  4  parts  of  rectified  spirit  to  1  of  water,  are  both  often 
applied  on  rags  for  their  cooling  effects.  Sometimes  alcohol  rubbed  in  is 
used  for  its  rubefacient  effect;  thus  it  is  an  important  ingredient  in 
Linimentum  Camphorae  Ammoniatum  (B.P.). 

One  of  the  main  uses  of  alcohol  in  therapeutics  is  as  a  stimulant  to  aid 
digestion,  not  only  during  acute  illnesses,  but  also  during  convalescence, 
and  to  aid  the  impaired  digestion  of  the  feeble  and  aged.  Alcohol,  when 
given  for  this  purpose,  should  always  be  taken  with  food ;  and  although  the 
individual  taste  of  the  patient  may  be  consulted,  it  is  advisable,  for  reasons 
given  above,  to  order  alcohol  in  a  dilute  form  ;  during  convalescence  from 
acute  illnesses  it  is  especially  useful,  as  with  its  aid  food  will  be  taken 
when  the  appetite  is  poor.  The  other  great  use  of  alcohol  as  a  stimulant 
is  for  its  action  on  the  heart ;  and  it  is  generally  used  for  this  purpose  in 
the  treatment  of  acute  febrile  diseases,  more  especially  such  maladies  as 
pneumonia  and  typhoid  fever.  Authorities  differ  in  their  use  of  alcohol 
in  these  diseases,  some  being  in  the  habit  of  prescribing  a  small  dose,  say 
2  to  3  oz.  per  diem,  in  all  cases  as  a  routine  measure  during  the  height  of 
the  fever.  Others  only  order  alcohol  in  the  treatment  of  these  maladies 
when  there  seems  to  be  an  indication  of  circulatory  failure  from  cardiac 
weakness,  as  shown  by  the  frequency  of  the  pulse.  It  is  probably  not 
necessary  to  order  alcohol  as  a  routine  measure  in  the  treatment  of  acute 
fevers,  especially  in  the  young,  where,  notwithstanding  the  existence  of  the 
disease,  there  may  be  no  difficulty  in  the  taking  of  food,  and  where  sleep  is  not 
interfered  with.  It  is  different,  however,  when  typhoid  fever  or  pneumonia 
attack  the  middle-aged  and  debilitated;  then  alcohol  may  be  necessary, 
not  only  to  maintain  the  circulation  in  an  efficient  condition,  but  also  to 
procure  sleep.  Further,  in  febrile  disorders,  in  which  the  tissue  metabolism 
is  considerable,  alcohol  is  very  useful  as  a  food,  for  it  is  well  known  that 
patients  will  live  for  a  considerable  time  on  alcohol  under  these  circum- 
stances, and  it  is  remarkable  that  very  large  quantities  of  alcohol  are 
tolerated  during  fever  without  any  symptoms  of  alcoholic  intoxication. 
Hence  in  febrile  diseases  alcohol  may  be  used  as  a  cardio-vascular 
stimulant  and  as  a  food ;  its  antipyretic  action,  as  mentioned  above,  is  too 
insignificant  to  be  of  any  great  value.  Some  experiments  by  Binz  on  the 
effect  of  alcohol  on  animals  suffering  from  pyrexia  produced  by  the 
injection  of  septic  material,  would  seem  to  show  that  under  the  influence  of 
alcohol  the  recovery  of  the  animal  is  more  assured.  The  indications  for 
alcohol  in  the  treatment  of  acute  febrile  diseases  are  frequency  and 
extreme  compressibility  of  the  pulse,  a  dry  brown  tongue,  trembling  and 
twitching  of  the  hands,  and  a  hot  burning  skin,  together  with  sleeplessness. 
The  beneficial  effect  of  alcohol  is  shown  by  the  tongue  and  the  skin  becom- 
ing moist,  the  pulse  less  rapid  and  less  compressible.  It  is  difficult  to 
lay  down  rules  as  to  the  quantity  of  alcohol  that  should  be  administered 
in  the  treatment  of  febrile  diseases ;  this  question  must  be  answered  by  a 
consideration  of  the  effects  produced.  If  in  a  case  of  enteric  fever  the 
administration  of  3  or  4  oz.  of  alcohol  produces  the  beneficial  effects 
described  above,  it  may  be  advisable  to  increase  the  quantity  to  6  or  even 
to  9  oz.  should  the  primary  beneficial  effect  not  be  maintained.  On  the 
other  hand,  if  the  pulse  does  not  show  signs  of  improvement  by  becoming 
less  frequent  and  less  compressible  with  the  larger  doses,  it  is  useless  to  still 
further  increase  the  quantity  administered,  and  it  is  certainly  inadvisable 
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give  such  quantities  of  the  drug  as  to  cause  intoxication,  as  was  not 
uncommonly  the  case  formerly  in  the  treatment  of  acute  pneumonia, 
when  12  to  18  oz.  of  brandy  were  ordered  daily.  One  of  the  most  bene- 
ficial actions  of  alcohol  in  the  treatment  of  febrile  diseases  is  its  action  in 
producing  sleep,  and  in  this  way  its  use  often  leads  to  great  improvement 
in  the  state  of  the  nervous  system  in  such  diseases  as  typhoid  fever,  where 
want  of  sleep,  tremor,  and  delirium  frequently  are  evidence  of  the  com- 
mencing failure  of  the  nervous  system.  If  it  is  desired  to  procure  sleep 
by  the  administration  of  alcohol,  it  is  advisable  to  prescribe  it  in  a  diluted 
form,  such  as  hot  whisky  or  brandy  and  water  at  night.  Alcohol  is  also 
of  great  use  in  the  treatment  of  shock  and  collapse,  and  it  may,  if  neces- 
sary, be  administered  in  such  cases  in  enemata.  In  some  cases  of  pro- 
found shock,  alcohol  has  been  of  use  when  injected  intravenously,  a  small 
quantity  of  brandy  being  added  to  the  saline  solution  used  for  transfusion. 
In  cases  of  haemorrhage  the  use  of  alcohol  is  inadvisable,  as  under  its  in- 
fluence a  hemorrhage  that  has  ceased  may  recur.  The  main  uses  of 
alcohol,  therefore,  are  as  an  external  application,  as  an  antiseptic,  as  an 
aid  to  digestion,  as  a  food,  as  a  cardio-vascular  stimulant,  and  as  a  means 
of  producing  sleep. 
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CAEDIO-VASCULAE  TONICS. 

DIGITALIS,  STROPHANTHUS,  SQUILL,  CONVALLARIA,  ERYTHROPHLCEUM,  ADONIS, 
CACTUS  GRANUIFLORUS,  ANTIARIS,  APOCYNUM,  HELLEBORUS  NIGER, 
AND  URECHETESN. 

DIGITALIS  is  the  most  important  member  of  the  group  of  cardio-vascular 
tonics.  The  actions  of  the  different  members  of  this  group  present  many 
points  of  resemblance,  but  none  of  the  other  drugs  belonging  to  it 
have  replaced  digitalis  leaves  in  therapeutics,  although  from  time  to  time, 
generally  either  from  experimental  results  or  from  theoretical  considera- 
tions, some  of  them  have  been  recommended  as  substitutes. 

There  are  a  great  number  of  substances  that  have  an  action  that 
resembles  more  or  less  closely  that  of  the  leading  member  of  this  group, 
digitalis,  and  in  addition  to  those  above  enumerated  there  are  ammonium 
hydrate  and  carbonate,  barium,  and  strontium  salts,  and  helleborin. 

In  most  cases  the  resemblance  of  the  action  of  all  these  bodies  to  that  of 
digitalis  is  mainly  with  reference  to  the  effects  produced  on  the  heart,  and 
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there  are  often  characteristic  points  of  difference  in  the  action  of  these 
different  substances  on  the  other  tissues. 

The  action  of  strophanthus  on  the  heart  is  most  similar  to  that  of 
digitalis,  but  digitalis  produces  a  profound  effect  on  the  blood  vessels  not 
seen  in  the  case  of  strophanthus. 

The  barium  and  strontium  salts  are  interesting  because  their  action  on 
the  circulation  very  closely  resembles  that  of  digitalis,  but  they  are  not  so 
efficient  as  the  latter,  owing  to  the  fact  that  they  are  very  toxic,  producing 
in  animals  violent  gastro-intestinal  irritation,  and  often  causing  convulsions 
and  death.  The  initial  action  of  barium  salts,  however,  is  very  similar  to 
that  of  digitalis,  and  certain  mineral  waters,  of  repute  in  the  treatment 
of  cardiac  cases,  may  produce  beneficial  effects  owing  to  the  barium  salts 
present. 

Although  the  action  of  the  other  drugs  mentioned  above,  such  as 
apocynes,  adonis,  and  antiaris,  is  closely  similar  to  that  of  digitalis, 
especially  as  regards  the  action  on  the  cardio-vascular  apparatus,  these 
substances  have  not  replaced  digitalis,  mainly  owing  to  the  fact  that  their 
action  on  the  vascular  system  is  not  so  specialised,  and  therefore,  in  order  to 
produce  the  cardio-vascular  effects,  it  is  necessary  to  employ  doses  which 
produce  the  general  effects  as  well,  and  the  latter  are  frequently  toxic,  and 
if  not  definitely  toxic  produce  at  least  very  unpleasant  symptoms. 

The  action  of  most  members  of  this  group  is  very  generalised  on  the 
muscular  structures  of  the  body,  both  voluntary  and  involuntary ;  they  are 
all  muscle  poisons  of  various  degrees  of  potency.  Further,  they  are  all 
bodies  which  in  certain  doses  tend  to  produce  gastro-intestinal  irritation, 
nausea,  vomiting,  and  purgation.  These  effects,  although  seen  with 
digitalis  when  given  in  sufficient  dosage,  are  not  so  prominent  with  this 
substance  as  with  some  other  members  of  the  series.  Digitalis,  again,  has 
a  very  pronounced  and  more  or  less  special  action  on  the  blood  vessels, 
causing  constriction  of  the  muscular  coat  of  the  arterioles.  This  action 
is  not  so  marked  with  many  of  the  other  substances  enumerated,  and  is 
not  produced  at  all  with  some,  e.g.  strophanthus.  It  is  possible,  as  will  be 
discussed  more  fully  later  on,  that  it  is  owing  to  this  action  of  digitalis 
that  this  valuable  drug  still  remains  the  most  important  and  efficient 
member  of  the  group. 

Historical. — Some  of  these  drugs  have  been  used  for  the  relief  of 
dropsy  from  remote  periods.  Thus  a  decoction  of  the  lily  of  the  valley 
(convallaria)  has  been  in  use  apparently  from  the  earliest  times  by  the 
Russian  peasantry  as  a  remedy  for  dropsy  in  heart  disease.  Digitalis  also, 
in  the  form  of  a  decoction  of  foxglove  or  foxglove  tea,  has  been  an  old 
wife's  remedy  for  the  relief  of  dropsy.  Towards  the  end  of  the  eighteenth 
century  (1775),  Withering  drew  attention  to  the  action  of  digitalis  in 
slowing  the  heart,  and  to  its  value  in  the  relief  of  dropsy.  In  1801, 
Beddoes  and  Kinglake  also  showed  that  digitalis  acted  not  only  on  the 
heart  but  also  on  the  arteries,  and  to  the  present  day  the  three  main 
actions  of  digitalis  described  by  these  early  observers,  namely,  that  it 
increases  the  force  of  the  heart-beat,  that  it  slows  the  heart,  and  that  it 
raises  arterial  tension,  have  been  confirmed.  Details  of  the  nature  of  the 
action  of  the  drug  have  been  differently  interpreted  by  different  observers. 

Strophanthus  was  used  in  Africa  as  an  arrow  poison,  and  was  intro- 
duced as  a  remedy  in  cardiac  disease  in  1885  by  Fraser.  Its  action  is,  as 
already  remarked,  very  similar  to  digitalis,  but  it  is  a  far  more  powerful 
substance,  and,  as  an  arrow  poison,  produces  death  by  its  action  on  the 
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heart,  and  also  by  its  action  as  a  general  muscular  poison  interfering  with 
respiration.  Strophanthus  is,  however,  a  valuable  substance,  and  is  often 
useful  in  cases  where  digitalis  fails,  but  it  has  not  supplanted  the  use  of 
digitalis  in  the  majority  of  cases. 

DIGITALIS. 
(B.P.  AND  U.S.P.) 

Composition. — Digitalis  contains  a  number  of  glucosides  possessing 
a  more  or  less  similar  action.  Schmiedeberg  considered  that  the  plant 
contained  digitalin,  digitalein,  digitoxin,  and  digitonin.  Digitoxin  is  the 
most  potent  glucoside  present,  and  is  a  body  soluble  in  alcohol  but  not 
in  water,  and  is  therefore  present  in  the  tincture  but  not  in  the  infusion. 
Digitonin  is  a  body  closely  allied  to  saponin,  the  active  principle  of  senega, 
and  its  action  is  rather  different  to  that  of  the  other  glucosides  present. 
In  addition  to  these  glucosides,  the  plant  contains  a  number  of  inert 
substances,  and,  according  to  some  observers,  digitalein  is  only  digitalin 
with  an  admixture  of  an  inert  substance.  The  proportion  and  nature  of 
the  active  principles  present  in  the  leaves  and  seeds  of  the  plant  are 
not  quite  the  same,  the  seeds  containing  mainly  digitalin  and  digitonin, 
and  the  leaves  digitoxin  and  either  digitalin  or  a  glucoside  closely  allied 
to  it.  The  so-called  digitalinum,  or  crude  digitalin,  contains  these  four 
glucosides  in  varying  proportion,  depending  on  whether  the  leaves  only 
or  the  seeds  have  been  used  for  the  preparation. 

Digitalis  is  in  Great  Britain  administered  either  as  the  infusion  (B.P.), 
dose  2  to  4  fluid  drms. ;  as  the  tincture  (B.P.),  dose  10  to  30  minims;  or 
as  the  powdered  leaves,  dose  \  to  2  grs.  In  the  United  States  there  is 
also  an  infusion  and  a  tincture,  and  in  addition  an  extract  and  a  fluid 
extract.  In  both  Pharmacopoeias  it  is  the  leaves  of  the  Digitalis  pur  pur  ea 
that  are  official. 

Pharmacology. — Digitalis  has  a  widespread  action  on  the  muscular 
tissue  of  the  body,  more  especially  on  the  cardiac  muscle,  the  arterial 
muscle,  and  the  voluntary  muscle;  its  action  on  the  last  is  much  less 
marked  than  on  the  two  former.  In  addition  to  this,  however,  it  has 
what  has  been  described  as  an  irritant  action  when  applied  externally,  and 
when  taken  internally  it  will  cause  nausea,  vomiting,  and  purgation, 
whether  by  direct  action  on  the  mucous  membrane  of  the  stomach  and 
alimentary  canal,  or  as  a  result  of  being  excreted  by  these  channels,  is 
not  known.  In  addition  to  this,  digitalis,  especially  in  large  doses,  affects 
the  respiration  and  the  activity  of  the  nervous  system,  but  here  the 
effects  are  complicated,  and  it  is  difficult  to  determine  how  much  is 
dependent  on  the  specific  action  of  the  drug  on  these  functions,  and  how 
much  is  an  indirect  result  produced  by  the  characteristic  effects  on  the 
circulation. 

The  muscular  tissues  of  the  body  possess  certain  properties  which  must 
be  considered  in  the  discussion  of  the  action  of  digitalis  and  other  members 
of  this  group,  (1)  a  power  of  tonic  contraction,  (2)  a  power  of  rapidity 
of  contraction,  (3)  a  power  of  rhythmic  contraction.  These  properties  are 
developed  to  different  degrees  in  the  different  varieties  of  muscle.  Heart 
muscle  possesses  a  highly  developed  rhythmic  activity,  involuntary  muscle 
a  highly  developed  tonic  activity,  and  in  voluntary  muscle  rapidity  of 
contraction  is  well  marked.  All  three  kinds  of  muscle  possess  varying 
degrees  of  tonic  activity,  and  the  involuntary  muscular  tissue  of  the 
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arteries  and  the  involuntary  muscular  tissue  of  the  hollow  viscera  possess 
also  a  more  or  less  well  developed  power  of  rhythmic  activity.  In 
discussing  the  action  of  digitalis  on  the  cardio-vascular  apparatus,  it 
will  be  convenient  first  of  all  to  consider  its  action  on  the  heart.  The 
heart  may  be  looked  upon,  from  a  pharmacological  point  of  view,  as  a 
structure  consisting  of  a  particular  kind  of  muscle,  or  muscle  with  peculiar 
properties,  e.g.  rhythmic  activity.  In  addition  to  this,  it  contains  a 
complicated  nervous  regulating  mechanism,  and  therefore  is  frequently 
spoken  of  as  a  neuro-muscular  apparatus.  Further,  the  activity  of  the 
independent  and  separate  chambers  of  the  heart  is  during  life  co-ordinated. 
The  action  of  digitalis  and  its  allies  on  this  complicated  structure  is 
necessarily  complex.  For  the  present  we  will  confine  our  attention  to 
digitalis,  which  produces  a  profound  effect  on  muscle,  whether  applied 
locally  or  after  injection  into  the  circulation.  It  acts  on  all  varieties  of 
muscle,  but  its  action  is  best  marked  on  the  heart  muscle  and  on  the 
involuntary  muscle  of  the  arteries. 

The  frog's  heart. — When  applied  to  the  ventricle  of  the  frog,  it  produces 
contraction  of  the  portion  to  which  it  has  been  applied.  That  portion 
of  the  ventricle  will  remain  persistently  contracted,  whereas  the  systolic 
and  diastolic  rhythm  will  go  on  in  the  rest  of  the  ventricle.  This  illus- 
trates the  most  marked  and  characteristic  action  of  digitalis,  namely, 
that  it  tends  to  produce  marked  permanent  spasm  of  the  heart  muscle ;  in 
other  words,  it  increases  its  tonic  activity.  If  digitalis  be  applied  to  the 
whole  heart  or  supplied  to  the  interior  of  the  isolated  ventricle  of  the 
frog,  the  heart  will  be  arrested  in  extreme  systolic  contraction.  It  is 
not  correct,  however,  to  say  that  the  heart  is  paralysed,  although  its 
rhythmic  activity  is  arrested,  since,  if  the  ventricle  be  distended  by  a 
moderate  amount  of  pressure,  the  rhythmic  beats  will  recommence, 
although  the  amplitude  of  each  contraction  will  necessarily  be  much  less 
than  normal.  It  would  thus  appear  that  the  direct  action  of  the  digitalis 
on  the  heart  muscle  of  the  frog's  ventricle  is  such  as  to  increase  the 
tonic  activity,  and  it  is  capable  of  doing  this  to  such  an  extent  as  to 
cause  arrest  of  the  heart  in  extreme  and  persistent  systolic  contraction. 
When  this  effect  has  been  produced  by  large  doses,  the  heart  does  not 
recover ;  the  heart  dies  without  any  previous  relaxation  of  the  tonus. 
This  effect  of  stopping  a  portion  or  the  whole  of  the  frog's  ventricle  in 
extreme  and  persistent  systolic  contraction  is  a  result  of  a  large  dose  of 
digitalis ;  smaller  closes  produce  increase  in  the  force  and  a  slowing  of  the 
rhythm,  and  this  will  be  discussed  more  fully  below. 

The  action  of  digitalis  in  causing  this  increase  in  the  tonic  activity  of 
the  ventricle  is  really  very  similar  to  its  action  on  the  muscular  tissue 
of  the  arteries,  where  it  also  causes  a  great  increase  in  their  normal  tonic 
contraction. 

The  increase  in  the  force  of  the  heart-beat  under  the  influence  of 
digitalis  is  due  to  a  direct  effect  on  the  muscular  tissue.  The  slowing  of 
the  heart-beat,  however,  even  in  the  frog,  is  an  indirect  effect,  produced  by 
the  digitalis  acting  on  the  central  and  peripheral  inhibitory  mechanisms. 
The  action  is  both  central  and  peripheral,  since  the  slowing  effect  is  still 
seen  after  section  of  the  vagi,  and  therefore  in  these  cases  is  dependent  on 
a  stimulation  of  the  inhibitory  mechanism  in  the  heart.  After  paralysing 
the  peripheral  mechanism  by  atropine,  digitalis  fails  to  produce  any 
marked  slowing.  As  mentioned  before,  the  local  application  of  digitalis  to 
the  body  of  the  ventricle  causes  the  portion  to  which  it  is  applied  to 
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become  persistently  tonically  contracted.  When  it  is  given  internally  in 
large  doses,  the  tonic  contraction  of  the  whole  ventricle  may  gradually 
become  increased,  until  finally  the  heart  is  arrested.  Not  uncommonly, 
however,  small  portions  of  the  ventricle  pass  into  this  tonic  contraction, 
and  other  portions  continue  beating.  This  irregular  action  of  the  drug  on 
some  portions  of  the  ventricle  is  not  seen  in  the  mammal,  but  it  is  a 
characteristic  effect  in  the  cold-blooded  animal,  and  is  the  cause  of  the 
apparent  irregular  contractions  of  the  ventricle.  Large  doses  of  digitalis 
produce  also  arrest  of  the  auricles,  but  these  remain  distended,  and  some 
have  considered  that  the  auricular  arrest  is  dependent  upon  extreme 
inhibition  caused  by  the  excitation  of  the  vagal  endings  in  the  sinus  and 
auricles. 

The  heart  of  mammals. — The  action  of  digitalis  on  the  mammalian 
heart  is  in  many  respects  similar  to  that  seen  in  the  frog's  heart,  but 
differences  are  present,  owing  mainly  to  the  complexity  of  development 
of  the  mammalian  heart,  and  especially  owing  to  the  relations  existing 
between  the  activity  of  the  auricles  and  that  of  the  ventricles.  Further, 
in  mammalia  the  nervous  regulation  of  cardiac  activity  is  more  highly 
developed,  and  this  also  introduces  differences. 

Two  stages  are  recognised  in  the  action  of  digitalis  on  the  mammalian 
heart,  and,  speaking  broadly,  the  first  is  characterised  by  slowing  and 
the  second  by  irregularity.  The  action  of  the  drug  on  the  tonic  activity  of 
the  ventricle,  which  is  such  a  marked  feature  of  its  action  in  the  frog,  is 
not  so  obvious  in  mammalia;  and  it  is  not  possible  in  mammalia  to 
arrest  the  heart  in  systole  by  large  doses,  as  is  so  readily  the  case  in  the 
frog.  Large  doses,  whether  introduced  suddenly  or  gradually,  arrest  the 
heart  in  diastole.  Further,  what  may  be  called  the  action  of  digitalis  locally 
on  portions  of  the  ventricle,  which  has  been  described  in  the  frog,  does  not 
occur  in  the  mammalia,  and  there  is  no  evidence  that  portions  of  the  heart 
wall  are  affected  locally,  and  independently  of  the  rest  of  the  ventricle. 

In  the  first  stage  of  the  action  of  digitalis  the  ventricle  is  slowed,  the 
force  of  the  ventricular  beat  is  increased,  and  the  diastole  is  prolonged. 
The  first  and  last  of  these  three  effects  are  dependent  upon  the  action  of 
digitalis  on  the  vagal  inhibitory  apparatus,  central  and  peripheral,  as  it 
requires  larger  doses  of  the  drug  to  produce  the  slowing  and  prolongation 
of  the  diastole  after  section  of  the  vagi.  These  effects,  however,  are  still 
seen  under  these  circumstances,  but  they  are  not  seen  after  the  paralysing 
of  the  inhibitory  mechanism  by  means  of  atropine,  so  the  evidence  is 
clear  that  these  actions  of  the  substance  are  dependent  upon  stimulation 
of  the  vagal  inhibitory  mechanism.  The  increase  in  the  force  of  the 
ventricular  beat,  however,  is  a  phenomenon  due  to  a  direct  action  on  the 
muscular  substance,  and  this  action  of  digitalis  is  not  affected  by  the  prior 
administration  of  atropine.  The  action  of  digitalis  on  the  muscle  of  the 
mammalian  ventricle,  increasing  the  force  of  the  beat,  is  very  marked, 
and  the  amplitude  of  the  contraction  may  be  increased  by  one  half. 

The  action  of  the  drug  on  the  auricle  is  somewhat  different,  the 
auricular  beats  are  greatly  slowed,  and  although  at  first  the  force  of  the 
auricular  contraction  is  increased,  very  soon  the  force  of  the  auricular 
contraction  is  diminished.  The  effect  on  the  auricular  diastole  is  varying, 
sometimes  it  is  increased,  sometimes  unaffected,  and  sometimes  diminished. 
It  is  only  in  a  few  cases  and  with  certain  doses  that  the  effect  on  the 
auricle  resembles  at  all  closely  the  effect  on  the  ventricle.  What  may  be 
called  the  typical  effect  on  the  auricle  is  the  slowing  of  the  rhythm,  and 
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the  auricular  contractions  are  less  complete  instead  of  more  complete  as 
in  the  case  of  the  ventricle.  Not  uncommonly  the  beats  of  the  auricle 
occur  in  groups ;  that  is  to  say,  there  are  periods  of  temporary  arrest 
followed  by  a  group  of  beats.  Sometimes  the  auricle  undergoes  com- 
plete arrest  in  diastole,  the  duration  of  this  arrest  being  variable,  but  the 
beats  always  recommence. 

It  is  probable  that  the  differences  between  the  action  of  the  drug  on 
the  auricle  and  ventricle  are  dependent  on  the  fact  that  the  inhibitory 
mechanism  of  the  auricle  is  far  more  highly  developed  than  that  of  the 
ventricle.  The  drug  has  probably  the  same  effect  on  the  muscular  tissue 
of  the  auricle  as  it  has  on  that  of  the  ventricle,  provided  suitable  doses 
be  given.  In  the  case  of  the  ventricle,  where  it  may  be  said  that  the 
muscular  mechanism  is  more  highly  developed  than  the  inhibitory,  the 
direct  action  of  the  drug  on  the  muscle  preponderates  and  produces  the 
characteristic  effect,  namely,  the  increase  in  the  force  of  the  beat.  In 
the  auricle,  where  the  inhibitory  mechanism  is  very  highly  developed,  the 
action  of  digitalis  on  that  preponderates  over  its  action  on  the  muscle, 
and  so  the  slowing  and  the  dimimition  in  the  force  of  the  beat,  or  even 
the  complete  arrest  of  the  auricles,  are  produced  by  doses  which  in  the 
ventricle  of  the  same  heart  produce  the  characteristic  effect  described  above 
as  the  result  of  its  action  on  muscle. 

The  difference  between  the  action  of  the  drug  on  the  auricle  and 
ventricle  may  be  sufficient,  even  with  small  doses,  for  the  rhythm  of  these 
two  cavities  to  become  independent,  and  in  that  way  one  form  of  cardiac 
irregularity  is  produced.  The  independence  of  rhythm,  so  that  the  auricle 
is  beating  at  one  rate  and  the  ventricle  at  another,  is  due  also  to  the 
stimulation  of  the  inhibitory  mechanism  by  the  drug,  and  is  only  another 
illustration  of  the  fact  that  the  auricle  is  far  more  under  the  influence  of 
the  vagus  than  the  ventricle.  The  independence  of  the  auricular  and  the 
ventricular  beat  with  certain  doses  of  digitalis  is  a  phenomenon  closely 
allied  to  the  similar  independence  which  may  be  produced  by  stimulation 
of  the  vagus.  When  the  auricular  and  ventricular  rhythms  become 
markedly  independent,  the  action  of  the  drug  is  really  passing  into  the 
second  stage.  During  the  first  stage  the  output  of  blood  from  the 
ventricle  per  beat  is  increased. 

In  the  second  stage  of  the  action  of  digitalis,  which  may  be  described 
as  the  toxic  stage,  the  main  characteristic  is  irregularity,  and  the  effects 
produced  are  dependent  on  large  doses,  and  are  not  those  which  it  is  desir- 
able to  produce  for  therapeutic  purposes.  The  irregularity  may  assume 
various  types.  The  initial  form  of  irregularity  that  is  produced  by  the 
smallest  doses  is  one  in  which  a  beat  is  occasionally  dropped.  Not 
uncommonly  this  beat  is  dropped  at  regular  intervals,  and  so  a  form  of 
periodic  irregularity  is  produced.  Another  form  of  periodic  irregularity 
is  one  in  which  the  irregularity  is  only  shown  in  the  force  of  the  beat, 
the  rhythm  remaining  unaffected,  but  there  are  regularly  recurring 
periods  in  which  the  force  of  the  beat  is  less.  Another  form  of  irre- 
gularity is  that  in  which,  at  regular  intervals,  the  beats  disappear;  in 
other  words,  the  heart  beats  in  groups,  and  not  uncommonly  these  groups 
coincide  with  inspiration.  Some  observers  think  that  the  periodicity 
depends  upon  a  direct  action  of  the  drug  on  the  heart  muscle,  since  some 
of  the  effects  are  quite  independent  of  the  nervous  system,  but  the 
occurrence  of  the  regular  grouping  of  the  cardiac  beats  during  inspiration 
is  dependent  on  vagal  activity,  and  is  not  seen  either  in  the  case  of 
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digitalis  or  of  other  drugs,  such  as  morphine,  which  produces  the  same 
phenomenon,  after  section  of  the  vagi.  With  larger  doses,  irregularity, 
both  in  the  force  and  rhythm  of  the  cardiac  beat,  becomes  still  more 
marked,  and  the  effects  are  so  varying  and  inconstant  that  they  cannot 
be  reduced  to  any  classification.  Finally,  it  is  not  uncommon  for  typical 
heart  delirium  to  he  produced  similar  to  that  seen  on  the  application  of 
electrodes  to  the  ventricle,  and  where,  instead  of  there  being  a  more  or 
less  co-ordinated  beat,  there  are  fibrillary  and  irregular  contractions  of 
the  cardiac  muscle.  This  delirium  is  generally  followed  by  arrest  of  the 
heart  in  diastole. 

The  various  forms  of  irregularity  produced  during  the  second  stage  of 
the  action  of  digitalis  are  probably  in  part  dependent  on  the  manifestation 
of  the  independent  rhythms  of  the  auricle  and  ventricle,  the  drug  having 
produced  what  physiologists  term  a  block  at  the  auriculo-ventricular 
groove.  The  two  ventricles,  however,  are  never  independent,  or  it  would 
be  more  accurate  to  say  that  the  rhythmic  activity  of  the  two  ventricles 
is  never  independent.  It  is  strange  that  the  force  of  the  ventricular 
contractions  may,  however,  be  differently  influenced,  so  that  a  small 
contraction  of  the  right  ventricle  may  be  accompanied  by  a  large 
contraction  of  the  left.  In  other  words,  the  two  ventricles  always  beat 
together  and  are  synchronous  in  their  rhythmic  activity,  but  the  variations 
in  the  force  of  the  ventricular  contractions  are  not  synchronous,  and  this 
to  the  eye  observing  the  exposed  ventricles  produces  the  appearance  of 
independent  activity  of  the  two  ventricles. 

All  these  phenomena  of  the  second  stage  of  the  action  of  digitalis  are 
more  important  from  a  toxicological  than  from  a  therapeutic  point  of  view. 

Vascular  system.  —  During  both  the  first  and  second  stages  of  the 
action  of  digitalis  the  blood  pressure  is  raised,  and  experimentally  in  the 
dog  the  increase  in  aortic  blood  pressure  may  amount  to  as  much  as  one 
third  of  the  initial  height.  This  great  rise  of  pressure  is  of  mixed  origin, 
being  dependent  partly  on  the  increase  in  the  force  of  the  heart-beat,  but 
much  more  largely  on  the  constriction  of  the  peripheral  arterioles.  The 
fact  that  digitalis  constricts  the  peripheral  arterioles  has  been  established 
by  two  kinds  of  experiments.  One  in  which,  in  a  pithed  frog,  a  stream  of 
defibrinated  blood  or  salt  solution  is  sent  through  the  blood  vessels  at  a 
constant  pressure,  and  the  outflow  measured  by  cutting  the  vena  cava,  or 
more  simply  by  cutting  the  digits  of  the  hind-legs.  If  the  fluid  be  sent 
through  at  a  constant  pressure,  the  outflow  will  clearly  depend  on  the 
degree  of  constriction  of  arterioles  and  capillaries ;  the  addition  of  digitalis 
to  the  circulating  fluid  diminishes  materially  the  outflow.  More  exact 
observations  can  be  made  on  the  blood  pressure  of  a  mammal,  either  by 
observations  on  the  general  blood  pressure  or  more  accurately  by  plethys- 
mographic  observations  on  the  volumes  of  various  organs,  such  as  the 
kidney,  the  spleen,  or  the  limbs,  combined  with  a  simultaneous  record  of 
the  aortic  blood  pressure.  The  intravenous  injection  of  digitalin  shows 
that  the  rise  of  blood  pressure  measured  by  the  mercurial  manometer  is 
accompanied  by  diminution  in  the  volume  of  these  organs.  This  is 
especially  obvious  in  the  case  of  the  kidney  or  spleen.  The  diminution  in 
the  volume  of  the  kidney  is  better  evidence  of  the  constricting  action  of 
digitalis  on  the  blood  vessels  than  the  diminution  in  the  volume  of  the 
spleen,  since  the  latter  in  many  animals  contains  a  considerable  quantity 
of  involuntary  muscular  tissue.  Such  observations  as  these  completely  set 
at  rest  the  controversy  that  used  to  prevail  as  to  whether  the  rise  of  blood 
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pressure  produced  by  digitalis  was  dependent  solely  on  the  action  of  the 
drug  on  the  heart,  or  whether  it  depended  in  part  on  vasomotor  constriction. 
But  even  prior  to  the  plethysmographic  observation,  it  was  thought  that  the 
rise  of  pressure  produced  by  digitalis  was  partly  of  peripheral  origin  and 
dependent  on  constriction  of  the  arterioles,  owing  to  the  fact  that  it  was,, 
far  too  great  in  amount  to  be  accounted  for  by  the  increased  force  of  the 
cardiac  beats.  Further,  the  constriction  produced  is  very  persistent,  and 
the  vessels  may  remain  rigid  for  as  long  as  half  an  hour  after  the  injection 
of  a  single  dose  intravenously.  This  persistent  constriction  and  rigidity 
can  be  seen  experimentally  by  inspection  of  the  blood  pressure  curve  and 
of  the  plethysmographic  records.  The  best  clinical  evidence  that  digitalis 
has  been  administered  in  sufficient  dose  to  produce  its  full  effects  is 
the  pulse  tension ;  the  artery  is  felt  to  remain  full  during  diastole  and  to 
have  become  firm  and  tense. 

The  action  of  digitalis  in  constricting  the  peripheral  vessels  is  mainly 
a  direct  action  of  the  substance  on  the  muscular  coat  of  the  blood  vessels, 
since  the  effect  is  still  seen  after  section  of  the  splanchnic  nerves  and 
after  division  of  the  spinal  cord.  This  direct  action  of  the  drug  on  the 
wall  of  the  vessel  can  be  especially  well  seen  in  oncometric  observations 
on  the  kidney  for  division  of  the  splanchnic  nerves,  or  division  of  the  spinal 
cord  has  but  little  effect  on  the  action  of  the  drug  on  the  kidney.  The  con- 
striction of  the  blood  vessels  produced  by  digitalis  is  very  prolonged  and 
persistent,  and  it  is  not  only  well  marked  during  the  stage  when  the 
heart  beat  is  slowed  and  strengthened,  but  also  during  the  second  stage  of 
the  action  of  the  drug  on  the  heart,  when  the  beat  becomes  irregular. 
When  large  doses  of  digitalis  have  been  administered  experimentally,  or  a 
succession  of  small  doses,  the  rise  of  blood  pressure  which  is  at  first  pro- 
duced is  replaced  by  a  fall,  but  the  fall  in  pressure  is  not  dependent  on 
any  relaxation  in  arterial  constriction,  but  is  of  cardiac  origin,  and  depends 
on  the  fact  that  the  irregular  cardiac  rhythm  produced  during  the  second 
stage  of  the  action  of  this  drug  is  an  inefficient  action,  and  thus  smaller 
quantities  of  blood  are  pumped  from  the  heart  into  the  arteries,  and  so 
the  pressure  fails. 

The  action  of  the  drug  on  the  muscular  coat  of  the  arterial  wall  is 
very  similar  to  its  action  in  increasing  the  tonic  activity  of  the  ventricle 
of  the  frog.  The  constricting  action  of  digitalis  on  the  muscular  coat  is 
best  seen  in  those  vessels  of  the  body  that  are  most  freely  innervated 
by  the  vasomotor  system,  and  it  is  perhaps  for  this  reason  that  the  kidney 
vessels  and  the  intestinal  vessels  generally  are  those  in  which  the  action 
can  be  most  readily  demonstrated.  This,  however,  does  not  necessitate 
that  the  drug  should  produce  its  effects  by  acting  on  the  vasomotor  centre, 
as  it  can  be  definitely  shown  that  it  has  a  direct  local  action  on  the 
muscular  coats  of  these  vessels. 

Digitalis  produces  a  rise  of  pressure  in  the  pulmonary  artery  as  well  as 
in  the  systemic  circuit,  but  the  rise  of  pressure  seen  in  the  pulmonary 
system  is  not  only  absolutely  but  also  relatively  much  less  than  that  seen 
in  the  systemic.  A  full  dose  of  digitalis  will  experimentally  readily 
increase  the  pressure  in  the  aorta  by  one  third,  but  the  greatest  effect  pro- 
duced on  the  pulmonary  circulation  is  a  rise  of  pressure  of  one-seventh  of 
the  initial  height.  The  rise  of  pressure  in  the  pulmonary  circulation  is 
probably  also  dependent  on  the  direct  action  of  the  drug  on  the  muscular 
coat  of  the  pulmonary  vessels,  but  rises  of  pressure  in  the  pulmonary 
circulation  are  of  more  complex  origin  than  those  in  systemic,  since 
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a  rise  of  pressure  in  the  systemic  circulation  may  indirectly  lead  to  a 
pulmonary  rise. 

It  is  often  assumed  that  digitalis  produces  constriction  of  the  cerebral 
vessels.  There  is,  however,  no  direct  evidence  bearing  on  this  question, 
.and  most  conditions  which  cause  a  rise  of  pressure  in  the  general  systemic 
circulation  cause  dilatation  of  the  cerebral  vessels.  This  dilatation  is 
brought  about  passively,  owing  to  the  fact  that  the  cerebral  vessels  are 
either  not  innervated  at  all,  or  else  to  a  very  much  slighter  extent  than 
those  of  the  body  generally,  and  more  especially  those  of  the  abdominal 
system,  and  hence  the  tonus  of  their  walls  is  less,  and,  as  a  result  of  this, 
when  the  general  blood  pressure  is  considerably  raised,  their  contraction  is 
overcome  passively  by  the  increased  pressure.  It  is  impossible  to  forecast 
the  state  of  the  cerebral  vessels,  as  regards  constriction  or  dilatation,  by  an 
examination  of  the  state  of  the  peripheral  vessels ;  and  a  drug  or  other 
agent  causing  a  general,  or  what  seems  to  be  a  general,  arterial  constriction 
may  cause  dilatation  of  the  cerebral  vessels.  That  digitalis  has  some 
other  action  on  the  vasomotor  system,  besides  producing  a  more  or  less 
generalised  arterial  constriction,  is  probable  from  the  following  fact,  that 
during  the  stage  when  it  has  caused  slowing  of  the  heart  and  a  general 
rise  of  blood  pressure  from  arterial  constriction,  a  sudden  change  from  the 
recumbent  posture  to  the  sitting  or  standing  posture  may  be  accompanied 
by  syncope,  which  in  the  human  subject  may  be  fatal.  Under  normal 
circumstances  the  adaptations  which  take  place  in  the  circulation,  in  pass- 
ing from  a  recumbent  to  a  sitting  or  upright  posture,  are  generally 
dependent  on  reflex  stimulation  of  the  vasomotor  and  other  centres. 
Under  normal  circumstances,  in  rising  from  the  recumbent  to  the  upright 
posture,  there  is  necessarily  a  tendency  for  the  blood  vessels  of  the 
abdomen  and  of  the  dependent  parts  of  the  body  to  become  passively 
distended  by  the  mere  action  of  gravity.  In  the  normal  organism  this 
effect  of  gravity  is  counteracted  by  an  active  constriction  of  the  blood 
vessels  of  these  parts  which  is  produced  through  the  action  of  the  vaso- 
motor system  and  the  central  nervous  system.  This  reflex  does  not  occur 
after  division  of  the  spinal  cord,  nor  after  the  paralysis  of  these  centres  by 
the  action  of  anaesthetics,  such  as  chloroform  and  other  agents.  Many 
observers  have  noticed  that  a  fatal  syncope  may  take  place  in  a  patient 
under  the  influence  of  digitalis  in  passing  from  the  recumbent  to  the 
sitting  or  upright  posture.  It  would  seem  as  if  the  mechanism  of  this 
syncope  must  be  similar  to  that  occurring  in  the  other  circumstances 
mentioned  above.  It  is,  however,  strange  that  such  a  condition  should 
arise  under  the  influence  of  a  drug  which  causes  constriction  of  the 
arteries  generally ;  and,  however  difficult  it  may  be  to  account  for  it 
satisfactorily,  there  is  no  question  of  its  existence,  and  it  forms  one  of 
the  dangers  to  be  avoided  in  the  administration  of  digitalis  therapeutically. 

Kidneys. — In  addition  to  acting  on  the  heart  and  on  the  arterial 
system,  digitalis  produces  certain  effects  on  the  kidney.  Most  observers 
agree  that  in  the  human  subject  in  health  small  doses  of  digitalis  produce 
no  effect  on  the  urinary  flow.  Doses  sufficiently  large,  or  continued  for 
a  sufficient  time  to  produce  slight  toxic  effects,  cause  an  increase  in  the 
amount  of  urine  excreted.  In  animals,  such  as  a  normal  dog,  the  adminis- 
tration of  digitalis  is  followed  by  transitory  increase  in  the  urinary  flow, 
as  can  be  determined  by  putting  a  cannula  into  the  ureter  and  observing 
and  collecting  the  quantity  of  urine  secreted.  If,  at  the  same  time  that 
the  flow  of  urine  is  observed,  the  volume  of  the  kidney  be  also  determined 
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by  oncometric  observations,  it  will  be  seen  that  the  flow  of  urine  increases 
at  a  time  when  the  volume  of  the  kidney  is  diminished,  that  is  to  say,  at 
a  time  when  the  drug  is  producing  constriction  of  the  renal  arteries ;  and 
there  is  no  experimental  evidence  in  favour  of  the  statement  sometimes 
made,  that  digitalis  causes  dilatation  of  the  renal  vessels.  Its  action  in 
increasing  the  flow  of  urine  is  totally  different  to  that  produced  by  such 
an  agent  as  caffeine,  which  causes  a  well-marked  dilatation  of  the  renal 
vessels,  for  digitalis  causes  an  increased  flow  of  urine  at  a  time  when  the 
general  blood  pressure  is  raised  and  the  kidney  vessels  are  constricted.  If 
a  large  dose  of  digitalin  is  given,  or  if  the  initial  small  dose  be  repeated,  the 
constriction  of  the  renal  vessels  is  produced  to  a  still  greater  extent,  and 
the  flow  of  urine  diminishes  or  even  ceases.  Large  doses  of  digitalis,  given 
experimentally,  may  cause  complete  temporary  suppression.  The  increase 
in  the  amount  of  urine  is  mainly  an  increase  in  the  urinary  water,  though 
some  observers,  e.g.  Brunton,  have  stated  that  the  administration  of  digitalis 
to  healthy  human  adults  may  increase  the  excretion  of  urea  to  a  slight 
extent.  The  increase  in  the  urine,  observed  experimentally  at  a  time  when 
the  blood  pressure  is  raised  and  the  kidney  vessels  constricted,  is  dependent 
not  so  much  on  the  heightened  arterial  tension  leading  to  an  increased 
efficiency  of  the  filtering  mechanism  of  the  kidney,  but  rather  to  an  increased 
rate  of  blood-flow  through  the  kidney.  The  increase  in  the  quantity  of 
urine  excreted  is,  however,  dependent  on  the  action  of  the  drug  on  the 
circulation,  rather  than  upon  the  action  of  the  drug  upon  the  renal  secreting 
structures,  and  can  be  explained  more  satisfactorily  on  the  hypothesis  that 
the  excretion  of  water  by  the  kidney  is  a  manifestation  of  secretory 
activity  rather  than  a  mere  filtration.  The  drug  causes  constriction  of 
the  renal  vessels,  the  pressure  in  the  glomerular  tuft  will  tend  to  fall,  and 
so  hinder  filtration,  whereas  if  the  removal  of  urinary  water  is  a  secretion 
by  the  glomerular  tuft,  the  increased  rate  of  flow  through  the  vessels,  pro- 
duced by  the  heightened  tension,  notwithstanding  the  constriction  of  the 
vessels,  affords  a  ready  explanation  of  the  increased  excretion  of  water. 

Neuro-muscular  system. — All  the  members  of  the  digitalis  group  exert 
a  certain  action  on  the  nervous  system,  and  more  especially  on  the 
medullary  centres.  The  cardiac  inhibition  produced  by  the  digitalis 
glucosides  is  in  part  dependent  on  excitation  of  the  vagus  centre  in  the 
medulla.  The  vomiting  which  is  sometimes  seen  very  rapidly  after  its 
administration  may  be  of  central  origin.  The  convulsions  occasionally  seen 
in  the  later  stages  of  the  action  of  toxic  doses  may  be  due  to  an  action  on 
the  cerebral  centres.  It  is  difficult  to  disassociate  the  direct  effects  pro- 
duced by  the  drug  from  the  indirect  ones  dependent  upon  its  action  on  the 
heart,  since  toxic  doses  cause  an  arrest  of  the  circulation,  and  this  arrest  is 
quite  sufficient  to  produce  such  a  result  as  convulsions.  These  effects  of 
digitalis  on  the  nervous  system  resemble  those  produced  by  picrotoxin, 
but  the  convulsive  action  of  the  latter  is  much  more  powerful.  Some 
authorities  (Brunton)  consider  that  the  glucosides  of  digitalis  do  not 
themselves  have  this  convulsive  action,  and  that  it  is  really  due  to  products 
of  decomposition,  such  as  toxiresin  and  digitaliresin,  bodies  formed  by  the 
decomposition  of  digitoxin  and  digitalin. 

Digitalis  in  large  doses  is  a  muscle  poison,  and  when  applied  locally  to 
frog's  muscle  it  causes  paralysis,  partly  by  a  direct  action  on  the  muscle 
fibre,  and  also  by  a  curare-like  action  on  the  nerve-ending.  Strophanthus 
and  apocynium  have  a  similar  but  more  powerful  action. 

Temperature.  —  In  febrile  processes  digitalis  possesses  a  slight  anti- 
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pyretic  action.  This  is  not  seen  in  its  action  on  the  normal  organism, 
and  it  may  perhaps  be  dependent  on  an  effect  produced  by  the  drug  on 
the  nervous  system. 

Alimentary  canal. — Digitalis,  although  acting  mainly  on  the  circulation, 
in  the  manner  described  above,  also  produces  effects  on  the  alimentary 
canal,  causing  nausea,  vomiting,  and  diarrhrea.  If  large  doses  have  been 
administered,  the  vomiting  becomes  very  severe,  the  vomited  material 
consisting  mainly  of  mucus  and  bile.  The  face  becomes  pale,  and  the 
pulse  in  the  horizontal  position  may  be  full,  slow,  and  strong ;  but  changes 
of  posture,  and  especially  sitting  up,  causes  it  to  become  rapidly  irregular 
and  weak. 

Toxicology.  —  If  severe  symptoms  of  poisoning  are  produced,  the 
vomiting  continues,  and  marked  prostration  ensues;  and,  according  to 
Tardieu,  the  pupils  become  fixed  and  dilated,  the  eye  is  prominent,  and  the 
sclerotics  acquire  a  peculiar  blue  colour.  Diarrhoea  is  generally  a  prominent 
symptom,  and  the  secretion  of  urine  may  not  only  be  diminished  but  may 
be  completely  suppressed.  Delirium  is  not  uncommon,  and  in  the  few 
fatal  cases  that  have  been  recorded  it  has  been  a  prominent  symptom 
towards  the  end.  Death  is  said  to  take  place  most  frequently  in  one  or 
two  days,  but  has  occurred  as  late  as  the  tenth  day,  and  there  is  one  case 
recorded  in  which  the  fatal  event  took  place  three-quarters  of  an  hour 
after  the  giving  of  the  poison. 

During  the  administration  of  the  drug  medicinally,  slight  toxic  symptoms 
are  not  at  all  uncommon,  owing  to  the  cumulative  action  of  the  drug. 
Most  commonly  these  symptoms  are  nausea,  vomiting,  and  diarrhoea,  and 
a  tendency  to  syncope.  In  some  cases  the  pulse  becomes  abnormally  slow, 
falling  to  thirty  or  even  less  in  the  minute.  In  others,  and  more  usually, 
irregularity  and  great  frequency  of  the  pulse  are  present,  and  it  is  possible 
that  some  cases  of  the  slow  pulse  are  really  cases  of  irregularity  in  force, 
in  which  only  the  strongest  beats  succeed  in  reaching  the  wrist.  Accord- 
ing to  some  authorities,  digitalis  may  also  produce  symptoms  of  chronic 
poisoning,  the  symptoms  of  which  are  said  to  be  great  lowering  in  the 
frequency  of  the  pulse,  diarrhoaa,  nausea,  anaemia,  and  syncopal  attacks. 

If  toxic  symptoms  have  been  produced  by  large  doses,  some  symptoms 
occasionally  persist  for  a  considerable  time  after  the  cessation  of  the 
administration  of  the  drug,  and  amongst  these  may  be  mentioned  cardiac 
weakness  and  a  certain  amount  of  exophthalmos,  and  it  is  said  that  even 
a  murmur  may  be  present.  The  most  important  toxic  effects  occasionally 
produced  by  the  drug  in  medicinal  doses  are  nausea,  vomiting,  and 
the  tendency  to  syncopal  attacks  associated  with  change  of  posture,  the 
heart  apparently  beating  strongly  in  the  recumbent  posture,  and  im- 
mediately becoming  weak  and  irregular  in  the  upright  or  sitting  posture. 
Another  most  important  effect  is  the  diminution  in  the  amount  of  urine 
secreted. 

The  action  of  digitalis  is  very  cumulative,  and  even  when  given  in 
medicinal  doses  the  full  therapeutic  effects  of  the  drug  are  very  often  not 
seen  until  the  second  or  third  day  of  its  administration,  and  the  most 
marked  effect,  the  increase  in  arterial  tension  produced  by  it,  commonly 
persists  for  many  days  after  the  cessation  of  its  administration.  In  many 
respects  the  pulse  of  a  person  under  the  influence  of  digitalis  presents 
considerable  resemblance  to  the  high-tension  pulse  found  in  certain  forms 
of  renal  disease.  The  cumulative  action,  and  certainly  the  toxic  effects, 
of  digitalis  may  be  associated  with  the  fact  that  in  large  doses  it  diminishes 
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the  amount  of  the  renal  secretion,  and  so  the  excretion  of  the  drug  is 
prevented. 

The  therapeutic  and  toxic  effects  of  the  different  preparations  of  digitalis 
are  not  quite  the  same,  owing  to  the  fact  that  some  constituents  of  digitalis 
are  more  soluble  in  water,  others  most  soluble  in  alcohol.  Digitoxin,  the 
most  active  glucoside  in  digitalis,  is  soluble  in  alcohol  but  insoluble  in 
water,  and  so  is  present  in  the  tincture  but  not  in  the  infusion. 

Therapeutics. — Digitalis  is  one  of  the  most  valuable  drugs  we 
possess,  but  its  most  important  use  is  in  diseases  of  the  circulation, 
and  more  especially  in  certain  organic  diseases  of  the  heart.  It  is,  how- 
ever, used  in  a  considerable  number  of  other  maladies,  some  general  and 
others  of  the  nervous  system. 

In  discussing  the  therapeutics  of  digitalis  in  diseases  of  the  heart,  these 
diseases  may  be  divided  into  the  functional  and  the  organic,  and  the  organic 
may  further  be  divided  into  those  in  which  there  is  valvular  disease  and  those 
in  which  the  cardiac  trouble  arises  from  permanent  changes  in  the  heart 
wall.  There  are,  in  addition,  a  number  of  what  may  be  called  general 
diseases,  such  as  pneumonia,  typhoid  fever,  where  the  heart  undergoes 
changes,  often  of  a  temporary  character,  associated  with  the  presence  of 
pyrexia. 

In  the  functional  disorders  of  the  heart,  palpitation  is  generally  the  pro- 
minent symptom,  more  especially  a  palpitation  which  is  seen  on  exertion ; 
such  are  some  of  the  cases  to  which  the  term  tachycardia  has  been  applied. 
A  particular  variety  of  this  is  the  well-known  irritable  heart,  seen  in  athletes 
and  in  soldiers.  Many  of  these  cases  of  functional  disorder  associated 
with  palpitation  are  accompanied  by  hypertrophy,  or  may  even  lead  to 
hypertrophy,  and  so  this  group  becomes  merged  into  the  other  group  where 
the  cardiac  trouble  arises  from  diseases  of  the  wall  of  the  heart.  Certain 
cases  of  exophthalmic  goitre  illustrate  this,  as,  after  this  disease  has 
existed  for  any  length  of  time,  there  is  well-marked  cardiac  hypertrophy, 
and  the  same  is  true  of  cases  of  irritable  heart,  so  that  it  is  difficult  to 
separate  the  palpitation  of  functional  disease  from  the  palpitation  associated 
with  some  varieties  of  cardiac  hypertrophy.  Digitalis  is  held  to  be  of  great 
use  in  steadying  the  heart  in  cases  of  simple  palpitation  from  functional 
disturbance,  without  the  presence  of  any  notable  degree  of  hypertrophy, 
and  so  it  is  often  of  great  use  in  cases  of  irritable  heart,  and  in  some  cases 
of  exophthalmic  goitre ;  but  there  can  be  little  doubt  that  in  the  majority 
of  cases  of  Graves's  disease  the  therapeutic  administration  of  digitalis  or  of 
strophanthus,  or  in  fact  of  any  member  of  this  group,  is  not  followed  by 
any  appreciable  slowing  of  the  cardiac  rhythm. 

Digitalis  will  also  produce  considerable  effects  on  the  palpitation 
that  is  seen  as  a  result  of  excessive  smoking,  in  the  palpitation  which 
is  sometimes  seen  to  follow  a  severe  physical  strain,  and  which  is  perhaps 
associated  with  a  certain  amount  of  cardiac  dilatation.  Digitalis,  although 
useful  in  such  cases,  does  not  produce  the  marked  effects  that  we  are 
familiar  with  in  its  action  in  certain  other  diseases  of  the  heart. 

It  is  in  organic  valvular  disease  that  digitalis  is  of  the  greatest  use,  and 
there  are  few  drugs  which  produce  such  marked  beneficial  results  in  any 
organic  disease  as  those  which  are  seen  to  follow  the  judicious  administra- 
tion of  digitalis  in  certain  forms  of  valvular  disease.  It  is  especially  in 
mitral  disease  that  digitalis  is  of  use,  and  it  is  usual  to  describe  the  case  in 
which  it  is  most  useful  as  one  in  which  compensation  is  beginning  to  fail ; 
that  is  to  say,  one  in  which,  on  account  of  the  increased  strain  thrown  on 
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the  cardiac  wall  as  a  result  of  the  valvular  lesion,  a  cavity  or  cavities  become 
distended  and  dilated,  with  the  resulting  tendency  for  the  blood  to  stagnate 
both  in  the  heart  and  in  the  venous  system.  In  this  way  the  so-called 
mechanical  effects  of  valvular  disease  are  produced,  such  as  dropsy  of  the 
extremities  in  mitral  regurgitation,  congestion  of  the  lungs,  liver,  etc., 
especially  in  mitral  stenosis.  The  failing  compensation  is  shown  clinically, 
partly  by  such  physical  signs  as  the  presence  of  dropsy,  but  more  especially 
by  the  character  of  the  cardiac  impulse  and  the  state  of  the  pulse.  It 
cannot  be  too  much  insisted  on  that  the  mere  presence  of  a  mitral  murmur, 
whether  systolic  or  presystolic,  indicating  regurgitation  or  stenosis,  or  both, 
is  not  to  be  taken  as  an  indication  for  the  administration  of  digitalis.  The 
administration  of  the  drug  in  these  cases  should  be  determined,  not  by 
the  mere  absence  or  presence  of  the  characteristic  murmur,  but  rather, 
as  just  mentioned,  by  the  state  of  the  heart  wall,  and  the  degree  of 
distension  of  the  cardiac  cavities  produced  by  the  valvular  lesion.  Some 
of  the  most  severe  forms  of  mitral  disease,  which  undergo  the  greatest 
benefit  with  treatment  by  digitalis,  have  no  murmur  when  the  effects  of 
the  malady  are  at  their  height.  In  other  cases  a  well-marked  murmur 
may  be  present  when  compensation  is  more  or  less  perfect,  and  the  patient 
suffers  but  little  inconvenience  from  the  presence  of  the  valvular  lesion. 
It  is  a  very  common  occurrence  for  the  murmur  of  mitral  regurgitation, 
if  absent  owing  to  the  feeble  contractions  of  the  heart  when  the  patient  is 
first  seen,  to  become  well  developed  under  the  influence  of  the  steady  and 
forcible  contractions  produced  by  the  action  of  digitalis.  Nothing  can  be 
more  mischievous  than  the  routine  administration  of  digitalis  in  all  cases 
of  mitral  disease,  or  the  withholding  of  it  in  all  cases  of  aortic  disease, 
simply  on  the  question  of  the  presence  or  absence  of  certain  murmurs ;  in  all 
cases  the  question  should  be  decided  by  an  investigation  as  to  the  state  of  the 
heart  wall  and  the  degree  of  distension  or  of  dilatation  of  the  heart  cavities. 

Speaking  broadly,  the  presence  of  cardiac  dropsy  in  cases  of  mitral 
disease  is  an  indication  for  the  administration  of  digitalis,  since,  whatever 
view  is  taken  as  to  the  exact  mechanism  of  the  production  of  cardiac  dropsy, 
it  is  unquestionable  that  it  is  at  any  rate  associated  with  the  back  effects 
produced  by  failing  compensation.  Many  of  the  most  severe  cases  of 
mitral  disease,  however,  do  not  suffer  from  dropsy,  notwithstanding  the 
fact  that  the  heart  undergoes  very  great  dilatation ;  in  fact,  perhaps  a 
greater  dilatation  than  is  seen  in  most  cases  of  cardiac  dropsy.  The 
absence  of  dropsy  in  mitral  disease  is  not  necessarily  a  centra-indication 
for  the  administration  of  the  drug. 

Cases  of  mitral  regurgitation,  from  the  point  of  view  of  the  administra- 
tion of  digitalis,  may  be  classified  into  three  groups, — first,  those  in  which, 
notwithstanding  the  existence  of  a  murmur,  the  ventricle  is  not  greatly 
enlarged,  and  its  muscular  wall  is  in  a  state  of  good  nutrition,  as  shown  by 
the  regular  character  of  the  beat,  both  in  force  and  in  rhythm.  In  these 
cases  the  patient  suffers  comparatively  little  inconvenience  from  the 
malady,  with  the  exception,  perhaps,  of  slight  dyspnoea,  of  variable  amount, 
on  exertion.  A  second  group  of  cases  is  that  in  which,  with  or  without 
the  presence  of  marked  cardiac  irregularity  and  with  different  degrees  of 
enlargement  of  the  heart,  cardiac  dropsy  of  variable  amount  is  present. 
A  third  group  of  cases  is  sometimes  seen,  in  which  the  heart  is  greatly 
dilated,  extremely  irregular  both  in  force  and  in  rhythm,  a  very  small 
proportion  of  the  cardiac  beats  being  sufficiently  strong  to  reach  the  wrist, 
and  yet,  notwithstanding  this  dilated  hypertrophy  of  the  heart,  there  is 
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little  or  no  dropsy.  In  this  third  group  of  cases  the  symptoms  of 
pulmonary  congestion — such  as  cough,  cyanosis,  etc. — are  often  extremely 
well  marked.  Digitalis  is  of  the  greatest  use  in  the  second  and  in  the 
third  group.  It  may  be  that  in  such  cases  as  those  described  in  the  third 
group,  failing  compensation,  with  dilatation,  is  brought  about  more  or  less 
suddenly,  and  sometimes  perhaps  as  a  result  of  a  physical  strain  in  a  person 
suffering  from  chronic  valvular  disease. 

The  indications  for  the  administration  of  digitalis  in  mitral  regurgit- 
ation  are,  then,  the  presence  of  cardiac  dropsy,  the  presence  of  irregularity 
of  the  cardiac  rhythm,  and  a  low-tension  pulse.  The  beneficial  effects  of 
digitalis  in  these  cases  is  shown,  not  only  by  the  improvement  in  the 
rhythm  and  force  of  the  cardiac  beat,  but  also  by  a  number  of  other 
phenomena,  such  as,  for  instance,  a  great  increase  in  the  now  of  urine, 
which  indeed  is  very  often  the  first  sign  of  the  impending  improvement. 
The  improvement  is  also  shown  by  the  patient  being  able  to  sleep. 

Sleeplessness  is  a  marked  symptom  of  serious  cardiac  disease,  and  doubt- 
less depends  in  these  cases  on  a  variety  of  causes,  but  more  especially  on  the 
fact  that,  owing  to  the  disordered  circulation,  the  relationship  normally 
existing  between  the  state  of  the  cerebral  vessels  and  that  of  the  vessels 
of  the  body  at  large  is  not  maintained.  Many  such  patients  are  unable  to 
sleep  in  the  recumbent  posture,  perhaps  owing  to  the  fact  that  under  these 
circumstances  the  blood  vessels  of  their  brain  become  unnaturally  distended 
by  the  mere  action  of  gravity.  Under  the  influence  of  digitalis,  and  the 
improved  circulation  produced  by  it,  sleep  becomes  possible.  Dyspnoea  is 
also  greatly  relieved,  owing  doubtless  to  the  more  efficient  pulmonary 
circulation  produced  by  the  action  of  the  drug. 

The  striking  effects  which  are  seen  to  follow  the  administration  of  this 
drug  in  mitral  disease,  where  the  cardiac  cavities  have  undergone  dilatation, 
and  where  the  force  and  rhythm  of  the  heart-beats  have  become  irregular, 
depend  no  doubt  on  a  variety  of  causes.  In  mitral  stenosis,  where  the  mitral 
orifice  is  more  or  less  narrowed,  the  improvement  in  the  circulation  can 
be  explained  by  the  prolongation  of  the  diastole,  enabling  the  over-distended 
auricle  to  empty  itself  more  perfectly  into  the  ventricle.  In  mitral 
regurgitation  the  prolongation  of  the  diastole  will  also  afford  opportunity 
for  improved  nutrition  of  the  heart,  as  all  physiology  teaches  that  the 
recuperative  processes  in  the  cardiac  muscle  take  place  during  this  time. 
Further,  it  is  probable  that  the  drug  increases  the  tonic  activity  of  the 
ventricular  muscle.  Although  this  effect  is  most  readily  demonstrable  in 
the  frog,  it  is  probable  that  it  exists  also  in  the  mammalia  ;  and  this  increase 
in  the  tonic  activity  in  the  heart  must  exercise  a  most  favourable  influence 
on  the  efficiency  of  the  organ  as  a  pump.  The  heart  is  not  only  a 
force-pump,  but  is  also  a  suction-pump.  It  not  only  pumps  the  blood 
into  the  arteries  but  out  of  the  veins,  and  the  size  of  the  ventricular  cavity 
during  diastole  will  therefore  directly  affect  the  efficiency  of  the  circulation, 
since  not  only  if  the  cavity  be  dilated  will  there  be  a  tendency  for  the 
blood  not  to  be  expelled  from  the  ventricle  during  systole,  but  there  will 
be  also  a  tendency  for  more  blood  to  enter  during  diastole.  In  mitral 
regurgitation,  with  an  irregular  cardiac  rhythm,  the  digitalis,  therefore, 
will  produce  its  beneficial  effects  by — (1)  increasing  the  length  of  diastole, 
and  so  enabling  a  better  nutrition  of  the  cardiac  wall ;  (2)  by  increasing  the 
tonic  contraction  of  the  heart,  and  thereby  diminishing  the  size  of  the 
dilated  cavity ;  (3)  by  increasing  the  force  of  each  cardiac  beat ;  and 
(4)  by  producing  regularity  in  the  force  of  successive  beats. 
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Some  authorities  have  looked  upon  the  action  of  digitalis  in  con- 
stricting the  blood  vessels  in  the  body  as  more  or  less  antagonistic  to 
its  efficiency  as  a  cardiac  tonic,  and  this  was  one  of  the  main  arguments 
adduced  in  favour  of  the  use  of  strophanthus,  in  that  strophanthus  pro- 
duces a  very  similar  action  on  the  heart  to  that  of  digitalis,  but  strophan- 
thus does  not  cause  arterial  constriction.  It  is  probable,  however,  that 
the  action  of  digitalis  on  the  arteries,  although  at  first  apparently 
antagonistic  to  its  beneficial  action,  inasmuch  as  constriction  of  the  arteries 
increases  the  resistance  the  ventricle  has  to  overcome,  is  really  a  favour- 
able factor  in  the  action  of  the  drug.  In  the  normal  organism  variations 
in  the  circulation  are  never  produced,  as  far  as  we  know,  by  alterations 
affecting  the  heart  only  or  the  vessels  only.  Causes  such  as  the  stimula- 
tion of  an  afferent  nerve,  leading  to  arterial  constriction,  always  produce 
simultaneously  cardiac  inhibition,  and  arterial  dilatation  is  accompanied 
by  cardiac  acceleration.  From  a  physiological  point  of  view,  it  is  essential 
with  the  slowly-acting  heart  to  have  arterial  constriction.  In  this  way 
only  can  the  blood  pressure,  which  is  the  actual  cause  of  the  circulation, 
be  maintained  at  a  sufficiently  high  level.  It  would  be  perhaps  correct 
to  say  that  the  circulation  fails  in  these  cases  of  mitral  disease  owing  to 
a  failure  of  the  blood  pressure,  and  digitalis  would  be  most  accurately 
described  as  a  drug  which  produces  a  tonic  effect  on  the  blood  pressure, 
or  even  a  physiologically  tonic  effect  on  the  blood  pressure,  inasmuch  as 
it  raises  the  blood  pressure  by  producing  strictly  physiological  effects, 
such  as  arterial  constriction  and  slowing  of  the  cardiac  beat.  Strophan- 
thus, on  the  other  hand,  does  not  raise  the  blood  pressure  in  a  physiological 
manner,  since  the  whole  of  the  blood  pressure  increase  is  dependent  on 
an  increase  in  the  force  of  the  cardiac  beat.  Not  only  does  digitalis 
raise  the  blood  pressure  in  what  has  been  termed  a  physiological  manner, 
but  the  two  effects  on  the  arterial  muscle  and  on  the  heart  wall  are 
produced  by  the  direct  action  of  the  drug  on  these  structures.  The 
increase  in  the  force  of  the  cardiac  beat  and  the  slowing  of  the  cardiac 
rhythm  are  not  dependent  on  reflex  effects  produced  by  the  arterial  con- 
striction :  they  are,  as  has  been  described  above,  direct  effects. 

Digitalis,  therapeutically,  has  been  more  successful  than  strophanthus, 
notwithstanding  the  theoretical  objection  that  the  arterial  constriction 
increases  the  work  of  the  heart;  and  it  is  probable  that  the  beneficial 
action  of  digitalis  is  dependent  on  the  fact  that  it  raises  the  blood 
pressure,  and  so  improves  the  circulation,  in  a  perfectly  normal  and 
physiological  way. 

It  is  possible  that  the  good  effects  of  the  drug  in  mitral  regurgit- 
ation  and  mitral  stenosis  are  also  in  some  measure  dependent  on  increased 
tonus  and  increased  force  in  the  auricular  beat,  as  the  doses  which  are 
administered  medicinally  probably  produce  on  the  auricle  the  effects 
which  are  seen  pharmacologically  and  experimentally  with  small  doses. 

The  beneficial  effects  produced  in  mitral  disease  by  digitalis  are  there- 
fore in  part  due  to  the  action  of  this  drug  on  the  muscular  coat  of  the 
arteries,  and  the  more  efficient  and  vigorous  circulation  associated  with 
the  arterial  constriction.  In  cardiac  cases  associated  with  dropsy,  an 
increase  in  the  flow  of  urine  is  very  often  one  of  the  earliest  signs  of 
the  improved  efficiency  of  the  circulation.  As  was  shown  above,  the 
action  of  digitalis  as  a  diuretic  is  essentially  an  indirect  one,  i.e.  an 
agent  acting  through  the  vessels  and  not  one  producing  a  direct  effect 
on  the  renal  cells :  the  flow  of  urine  is  increased  because  the  renal  circu- 
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lation  is  more  efficient.  To  obtain  good  results  in  mitral  disease,  it  is 
essential  to  give  digitalis  in  sufficient  amount  to  produce  the  characteristic 
changes  in  the  pulse,  and  more  especially  to  produce  the  so-called  "  fulness 
in  diastole,"  which  is  dependent  on  the  blood  pressure  remaining  high 
owing  to  the  vascular  constriction.  The  administration  of  digitalis  in  full 
doses  produces  such  an  increase  in  the  tension  and  firmness  of  the  pulse  as 
to  cause  it  to  resemble  that  seen  in  some  varieties  of  renal  disease. 

All  observers  are  agreed  as  to  the  beneficial  effects  following  the 
administration  of  digitalis  in  mitral  disease,  but  there  are  considerable 
discrepancies  as  to  the  advisability  of  its  administration  in  aortic  disease. 
It  is  commonly  held  that  inasmuch  as  the  drug  increases  the  peripheral 
resistance,  its  administration  in  pure  aortic  disease,  and  more  especially  in 
aortic  regurgitation,  can  only  do  harm,  in  that  it  increases  the  work  of  the 
heart.  Further,  inasmuch  as  it  prolongs  diastole,  it  exposes  the  ventricular 
wall  to  not  only  a  greater  but  a  more  prolonged  strain  than  usual.  There 
can  be  no  doubt  that  there  is  great  force  in  these  objections  to  the  use 
of  the  drug  in  uncomplicated  cases  of  aortic  regurgitation.  On  the  other 
hand,  if  there  be  great  dilatation  of  the  ventricular  cavity,  the  action  of 
the  drug  in  increasing  the  tonic  contraction  of  the  ventricular  wall,  and 
its  action  in  causing  a  more  efficient  expulsion  of  the  ventricular  contents 
during  systole,  are  both  powerful  aids  to  the  failing  circulation,  and  may 
neutralise  to  a  greater  or  less  extent  the  unfavourable  effects  which  might 
be  produced  by  the  action  of  the  substance  in  merely  prolonging  the 
cardiac  diastole.  In  uncomplicated  cases  of  aortic  stenosis  there  is  no 
clinical  indication  for  the  use  of  the  drug,  inasmuch  as  the  impediment 
offered  to  the  circulation  by  the  valvular  defect  is  commonly  compensated 
for  by  a  variable  amount  of  cardiac  hypertrophy.  In  many  cases  of 
aortic  regurgitation,  or  double  aortic  disease,  the  drug  is  also  of  no  avail, 
but  it  is  probably  unwise  to  avoid  its  use  in  all  cases  of  aortic  regurgita- 
tion. There  are,  more  especially,  two  conditions  in  which  its  use  is  of 
great  value.  In  the  first  place,  where  the  disease,  although  originally 
limited  to  the  aortic  segments,  has  subsequently  given  rise  to  mitral 
regurgitation  either  as  a  result  of  further  endocarditis  affecting  these 
valves,  or  more  usually  owing  to  the  cardiac  dilatation  produced  by  the 
aortic  regurgitation,  advancing  to  such  an  extent  as  to  cause  mitral  incom- 
petence. In  such  cases  of  aortic  disease,  complicated  by  mitral  regurgit- 
ation, digitalis  is  of  great  value.  Many  such  cases  present  some  of 
the  characteristic  effects  seen  in  mitral  disease,  e.g.  dropsy,  and  so  really 
they  may  be  looked  upon  as  mitral  cases  rather  than  aortic,  though 
primarily  aortic.  There  are  other  cases  of  aortic  regurgitation  where 
there  is  considerable  dilatation  of  the  left  ventricle,  sometimes  of  com- 
paratively sudden  onset.  These  cases  may  not  present  the  ordinary 
physical  signs  of  mitral  regurgitation,  such  as  dropsy,  and  their  pro- 
minent symptoms,  shortness  of  breath,  preecordial  pain,  and  anxiety,  may 
depend  rather  on  the  cardiac  dilatation.  Such  cases  are  not  uncommonly 
benefited  by  digitalis. 

To  sum  up,  it  may  be  said  that  the  indication  for  giving  or  with- 
holding digitalis  in  the  treatment  of  valvular  disease  of  the  heart  is  not 
so  much  the  particular  valvular  lesion  that  is  present,  but  rather  the 
effects  that  have  been  produced  by  this  on  the  cardiac  wall.  Speaking 
broadly,  digitalis  is  of  great  value  in  all  conditions  in  which  dilatation 
of  the  heart  cavities  has  been  brought  about  by  failure  of  the  muscular 
wall  as  a  result  of  valvular  disease. 
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In  organic  non-valvular  diseases  of  the  heart,  which  are  frequently 
more  serious  than  valvular  diseases, — that  is  to  say,  diseases  dependent 
on  degenerations  of  the  heart  muscle, — digitalis  is  of  much  less  service, 
and  in  many  such  its  administration  is  decidedly  prejudicial.  The  con- 
ditions that  fall  into  this  category  are  fatty  and  other  degenerations  of 
the  heart  wall,  as  for  instance  the  alcoholic  heart,  and  what  is  often 
spoken  of  as  the  renal  heart,  the  condition  of  cardiac  hypertrophy  which 
is  seen  in  certain  conditions  of  Bright's  disease,  and  more  especially  with 
the  granular  kidney.  In  fatty  and  other  degenerations  of  the  heart  wall 
the  administration  of  digitalis  can  only  be  harmful,  inasmuch  as  it  will 
increase  the  peripheral  resistance,  owing  to  the  vascular  constriction  it 
produces,  and  at  the  same  time  the  heart  muscle  is  not  in  a  condition 
to  respond  to  the  stimulation  produced  by  the  drug. 

In  cases  of  the  so-called  renal  heart  the  question  is  more  difficult ; 
here  the  peripheral  resistance  is  already  high,  owing  to  the  endarteritis, 
and  it  is  unwise  to  administer  a  drug  which  may  still  further  increase 
the  peripheral  resistance.  On  the  other  hand,  the  hypertrophied  renal 
heart  may  fail,  much  in  the  same  way  as  the  hypertrophied  heart  of 
mitral  disease,  and  it  is  well  known  that  a  considerable  number  of  cases 
of  apparent  mitral  disease  associated  with  albuminuria  are  really  cases 
of  mitral  regurgitation,  produced  by  the  dilatation  of  a  hypertrophied 
renal  heart.  When  such  cases  are  seen  with  a  truly  mitral  aspect,  such 
as  cardiac  dropsy  and  irregular  pulse,  the  ideal  mode  of  treatment  is  by 
diminishing  the  work  which  the  labouring  heart  has  to  perform.  This 
can  only  be  done  by  drugs  acting  on  the  peripheral  vessels,  as  by  purging; 
and  theoretically  it  is  wrong  to  administer  such  a  drug  as  digitalis. 
The  main  reason  for  withholding  digitalis  is  that  it  increases,  to  a  certain 
extent,  the  work  the  heart  has  to  do  when  the  heart  is  already  failing, 
owing  to  the  increased  peripheral  resistance.  Some  authorities  consider 
that  strophanthus  is  useful  in  these  conditions,  inasmuch  as  its  action  is 
entirely  limited  to  the  heart,  since  it  produces  no  arterial  constriction. 
Unfortunately,  the  heart  muscle  in  most  of  such  cases  is  not  in  the 
condition  to  respond  to  any  drug.  It  must,  however,  be  remembered  that 
in  the  failing  renal  heart,  sketched  above,  although  the  peripheral  resistance 
is  increased,  the  actual  blood  pressure  is  low,  owing  to  the  failing  and  weak- 
ness of  the  heart's  action,  and  the  dropsy  that  is  so  commonly  seen  in  this 
condition  is  associated  with  and  dependent  on  this  fall  of  blood  pressure.  It 
is  possible  in  some  cases,  where  the  cardiac  changes  are  not  advanced  to  a 
high  degree,  that  the  action  of  digitalis  may  be  of  some  service,  but  certainly 
its  routine  administration  in  cases  of  cardiac  dropsy  supervening  in  renal 
disease,  owing  to  the  onset  of  cardiac  failure,  is  not  only  not  followed  by  the 
beneficial  results  seen  in  cases  of  pure  cardiac  disease,  but  is  on  theoretical 
grounds  inadvisable.  The  action  of  digitalis  as  a  diuretic  is  also  not  so 
efficient  in  these  cases  as  it  is  in  cases  of  uncomplicated  cardiac  dropsy. 

Digitalis  is  also  generally  used  in  the  treatment  of  palpitation  and 
frequency  of  the  pulse  in  febrile  diseases,  such  as  pneumonia  and  typhoid 
fever,  and  also  in  the  cardiac  dilatation,  especially  of  the  right  side,  which 
is  apt  to  ensue  in  pulmonary  diseases,  such  as  emphysema  and  bronchitis. 
Although  it  is  of  some  use  in  these  conditions,  it  does  not  produce  the 
marked  beneficial  effects  which  are  seen  to  follow  its  administration  in 
mitral  disease.  In  many  of  these  conditions,  as  for  instance  bronchitis, 
emphysema,  and  even  in  some  febrile  diseases,  the  failure  of  the  heart  is 
associated  with  an  increase  in  the  peripheral  resistance,  and  it  can  scarcely 
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be  expected  to  produce  beneficial  effects  under  such  circumstances.  There 
can  be  no  greater  error  in  the  administration  of  digitalis  than  to  look  upon 
mere  frequency  of  the  pulse  as  an  indication  for  its  administration.  There 
are  many  forms  of  palpitation  and  increased  frequency  of  the  pulse  which 
are  more  efficiently  treated  by  the  administration  of  opium,  or  even  by 
that  of  alcohol,  than  by  the  giving  of  digitalis. 

Digitalis  is  also  generally  used  as  a  diuretic,  and  more  especially,  apart 
from  its  use  in  cardiac  disease,  as  a  diuretic  in  renal  dropsy.  This  condi- 
tion has  its  type  in  that  variety  of  Blight's  disease  spoken  of  as  the  large 
white  kidney.  It  will  be  sufficient  to  say  here  that  its  value  as  a  diuretic 
in  renal  disease  is  not  so  great  as  in  the  dropsy  of  heart  disease.  A  pill 
often  used  as  a  diuretic,  especially  in  diseases  of  the  heart,  is  what  is  known 
as  Guy's  pill.  It  contains  a  grain  of  each  of  mercurial  pill,  digitalis  leaves, 
and  squill. 

Digitalis  is  also  used  in  certain  affections  of  the  nervous  system,  more 
especially  epilepsy,  both  in  the  grand  mal  and  the  petit  mat  It  is  not 
uncommon  for  epileptics  to  have  prodromal  symptoms,  with  palpitation  as 
a  marked  feature;  in  some  cases  palpitation  is  not  only  a  prodromal 
symptom,  but  is  actually  an  aura.  It  is  thought  by  some  observers  that 
the  drug  is  of  value  in  such  cases. 

Formerly  it  was  recommended  in  the  treatment  of  delirium  tremens, 
but  apart  from  its  action  on  the  heart  in  such  cases  it  is  not  probably  of 
much  avail.  In  many  cases  of  delirium  tremens  there  is  very  considerable 
circulatory  weakness  and  cardiac  failure,  and  there,  as  in  other  acute 
diseases,  the  drug  may  be  of  value. 

It  is  of  use  in  the  palpitation  which  is  often  such  a  distressing  feature 
in  phthisis.  It  has  also  been  recommended  in  this  disease  owing  to  its 
slight  antipyretic  action,  therefore  it  forms  one  of  the  constituents  of  the 
well-known  Niemeyer  pill,  which  consists  of  opium,  digitalis,  ipecacuanha, 
and  quinine,  and  is  a  modification  of  Heim's  pill,  which  contained  no  quinine. 

STROPHANTHUS. 
(B.P.  AND  U.S.P.) 

Pharmacology. — Strophanthus,  which  is  in  both  Pharmacopoeias 
described  as  the  seed  of  Strophantkus  hispidus,  has  the  great  advantage 
over  digitalis  that  it  contains  a  single  active  principle  that  can  be  isolated 
in  a  state  of  great  purity,  and  its  dosage  correspondingly  accurately  deter- 
mined. The  action  of  strophanthin  is  very  similar  to  that  of  digitalis,  in 
so  far  as  the  action  on  the  heart  is  concerned ;  the  only  pronounced  differ- 
ence lies  in  the  fact  that  it  produces  its  effects  with  very  much  smaller 
doses,  and  it  is  more  toxic;  therefore  it  is  more  difficult  to  avoid  the 
production  of  the  phenomena  which  have  been  described  in  detail  as 
occurring  during  the  second  stage  of  the  action  of  this  substance. 

Strophanthus  increases  the  force  and  slows  the  rhythm  but  increases 
the  tonic  contraction  of  the  heart  muscle,  and  has  a  similar  action  on  the 
inhibitory  mechanism  to  that  already  described  for  digitalis.  The  rise  of 
blood  pressure  produced  by  Strophanthus,  both  in  the  systemic  and  in  the 
pulmonary  circuits,  is  very  small  compared  to  that  seen  with  digitalis. 
Plethysmographic  observations  on  the  volume  of  such  organs  as  the  kidney 
show  that  Strophanthus  produces  little  or  no  effect  in  the  way  of  causing 
constriction  of  the  peripheral  arterioles.  The  rise  of  pressure  that  is  seen 
under  the  influence  of  the  drug  experimentally  must  be  dependent  on  the 
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increase  in  the  force  of  the  cardiac  beat.  This  difference  in  the  action  of 
the  two  substances  on  the  blood  vessels  is  the  essential  point  of  difference 
between  the  two  drugs.  Another  minor  point  is  the  fact  that  strophanthus 
is  a  more  powerful  muscle  poison  than  digitalis,  the  voluntary  muscular 
tissue  of  the  frog  being  profoundly  affected  by  the  substance.  Digitalis, 
although  acting  on  all  the  muscular  tissue,  has  a  more  specialised  action 
on  the  heart  and  on  the  muscle  of  the  arterial  wall ;  in  the  case  of 
strophanthus,  the  action  and  the  toxic  action  of  the  substance  are  both 
mainly  exerted  on  the  heart  muscle  and  the  voluntary  muscle.  Further, 
it  is  quite  easy  in  the  case  of  digitalis  to  produce  marked  effects  on  the 
heart  muscle  without  causing  any  profound  toxic  effects  on  the  voluntary 
muscle;  in  other  words,  the  action  of  the  substance  is  very  specialised. 
This  is  not  so  to  the  same  extent  with  strophanthus ;  the  action  of  the 
poison  is  more  generalised,  and  the  muscular  system  is  decidedly  affected 
when  full  effects  are  produced  on  the  heart  muscle. 

Therapeutics,  —  Strophanthus  is  used  therapeutically  for  much 
the  same  conditions  as  that  in  which  digitalis  is  of  service,  and  it  was 
thought  at  one  time  that  strophanthus  would  prove  of  greater  service 
than  digitalis,  owing  to  the  fact  that  its  action  on  the  heart  was  so 
marked  and  its  action  on  the  vessels  so  little  marked.  Whereas  digitalis 
increases  the  force  of  the  heart-beat  and  at  the  same  time  increases  the 
peripheral  resistance,  strophanthus  affected  the  former  without  producing 
any  effect  on  the  latter.  As  mentioned  above,  clinical  experience  has  not 
borne  this  out ;  and  although  strophanthus  is  of  value  in  certain  cases,  it 
has  by  no  means  replaced  digitalis  in  the  treatment  of  cardiac  and  other 
diseases. 

The  principal  use  of  strophanthus  is  in  certain  cases  of  mitral  disease, 
where,  with  irregularity  in  force  and  rhythm  and  all  the  phenomena  of 
failing  compensation,  digitalis  is  sometimes  of  no  avail.  A  few  cases  are 
seen  in  which  the  administration  of  digitalis,  even  for  some  days,  fails  to 
slow  the  rhythm  and  improve  the  cardiac  condition.  Under  such  circum- 
stances strophanthus  may  be  used,  and  sometimes  with  great  success,  the 
heart  that  has  refused  to  respond  to  digitalis  responding  quickly  to  stroph- 
anthus. It  is  difficult  to  say  what  the  cause  of  this  is,  but  the  fact 
remains. 

The  principal  objection  to  the  use  of  strophanthus,  apart  from  the  fact 
that  in  the  great  majority  of  cardiac  cases  it  does  not  produce  the  speedy 
relief  that  is  seen  with  digitalis,  lies  in  the  fact  that  toxic  symptoms,  such 
as  nausea,  vomiting,  and  diarrhosa,  are  usually  just  as  marked  with  stroph- 
anthus as  with  digitalis.  Strophanthus  has  a  cumulative  action  just  as 
digitalis  has,  and,  like  digitalis,  it  is  slow  in  producing  its  effects.  Stroph- 
anthus is  a  convenient  substance  to  administer  hypodermically,  where 
it  is  urgent  to  produce  a  rapid  effect  on  the  heart,  e.g.  in  pneumonia ;  and 
occasionally  in  some  few  persons  it  may  be  better  tolerated  by  the  stomach 
than  digitalis.  It  is  usually  given  as  the  tincture  (B.P.  and  U.S.P.), 
dose  5  to  15  minims,  and  occasionally  as  the  extract  (B.P.),  dose  \  to  1  gr. 

SQUILL. 
(B.P.  AND  U.S. P.) 

Pharmacology. — The  active  principle  of  the  bulb  of  Uryinea  scilla, 
which  is  official  in  both  Pharmacopeias,  is  the  glucoside  scillin,  the 
action  of  which  closely  resembles  that  of  digitalis  both  on  the  heart  and  on 
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the  vascular  system.  It  produces  considerable  slowing  of  the  cardiac  rhythm 
with  increase  in  the  force  of  the  beats  and  prolongation  of  the  diastole, 
and  a  constriction  of  the  peripheral  arterioles,  in  this  respect  resembling 
digitalis  rather  than  strophanthus.  Its  effect,  however,  on  the  heart,  and 
especially  on  the  arterial  system,  is  not  so  persistent  as  is  the  case  with 
digitalis.  The  effects  of  the  administration  of  squill  cannot  be  detected  in 
the  pulse  by  the  persistent  pulse  tension  which  has  been  described  as  the 
result  of  the  action  of  digitalis.  Like  digitalis  and  the  other  members 
of  this  group,  it  has  an  irritant  action  on  the  stomach  and  on  the 
alimentary  canal.  Further,  like  digitalis,  it  causes  nausea  and  vomiting, 
and  this  effect  is  probably  not  entirely  dependent  on  the  local  action 
on  the  mucous  membrane  of  the  stomach,  but  rather  on  the  action  of 
the  drug  on  the  nervous  system.  All  the  members  of  the  digitalis 
group,  and  especially  squill,  strophanthus,  and  convallaria,  have  a  marked 
action  on  the  bulb  and  higher  nerve  centres,  and  the  vomiting  that 
is  so  frequently  seen  in  the  administration  of  these  substances  is  de- 
pendent in  part  on  the  central  action,  and  in  part  only  on  the  mere 
irritant  effect  on  the  mucous  membrane  of  the  alimentary  canal.  This 
irritant  action  is  particularly  marked  in  the  case  of  squill,  and  forms  a 
very  serious  drawback  to  its  use  therapeutically.  Even  small  doses  will 
cause  nausea.  It  is  probable  that  the  full  effects  of  squill  cannot  be  pro- 
duced on  the  circulatory  system  therapeutically,  owing  to  this  irritant 
action  on  the  nervous  centres  and  on  the  alimentary  canal.  It  is  usually 
held  that  the  irritant  effects  on  the  stomach  and  alimentary  canal  are 
associated  with  the  absorption  of  the  drug,  but  many  substances  having  a 
similar  action  produce  their  effects  not  only  during  absorption  but  also 
during  excretion.  Many  drugs  that  cause  nausea  and  vomiting  produce 
their  effects  when  introduced  hypodermically  ;  this  is  the  case,  for  instance, 
with  digitalis,  and  it  can  be  proved  that  in  many  such  instances  the 
substance  is  excreted  by  the  stomach.  It  is  probable  that  this  is  the  case 
also  with  squill.  In  addition  to  these  actions,  squill  is  what  has  been 
described  as  a  stimulant  expectorant,  and  here  again  the  effects  on  the 
mucous  membrane  of  the  bronchi  are  largely  dependent  on  its  irritant 
action,  and  it  is  probable  that  here  also  the  effects  are  produced  during  the 
excretion  of  the  drug.  The  main  difference  in  the  action  of  squill  and 
such  a  typical  member  of  the  group  as  digitalis,  is  on  the  one  hand  the 
irritant  action  in  the  stomach  and  intestines,  and  on  the  other  hand  its 
action  as  an  expectorant. 

Squill  also  resembles  digitalis  in  having  a  diuretic  effect,  but,  like 
digitalis,  its  diuretic  effect  is  what  may  be  called  an  indirect  one,  produced 
through  its  action  on  the  circulation. 

Therapeutics. — Although  squill  belongs  to  the  same  group  as 
digitalis,  the  therapeutic  use  of  the  substance  is  mainly  confined  to  chronic 
diseases  of  the  respiratory  apparatus.  Squill  is  not  used  to  any  great 
extent  in  the  treatment  of  cardiac  disease  and  cardiac  dropsy,  digitalis 
being  a  far  more  efficient  and  less  toxic  substance.  It  can,  however,  be 
used  for  the  relief  of  cardiac  dropsy,  and  when  prescribed  for  this  purpose 
it  is  most  usually  ordered  in  the  form  of  a  pill.  It  has  also  been  used, 
especially  formally,  for  the  relief  of  other  forms  of  dropsy,  such  as  renal 
dropsy  and  ascites.  Its  main  use,  however,  is  in  the  treatment  of  chronic 
bronchitis  and  emphysema,  when  it  is  desirable  to  use  an  expectorant  that 
increases  the  expiratory  force.  Its  action  on  the  respiratory  mucosa  is 
closely  allied  to  that  of  ipecacuanha  and  to  senega.  It  is  not  advisable  to 
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use  it  in  the  treatment  of  cough  in  such  chronic  disorders  as  phthisis,  where 
there  is  a  certain  amount  of  gastric  disturbance.  There  are  many  prepara- 
tions of  squill :  in  mixtures  it  is  usually  given  in  doses  of  a  few  minims  as 
the  tincture  (B.P.  and  U.S.P.),  or  the  acetum  (B.P.  and  U.S.P.),  or  the 
mixture  is  flavoured  with  the  syrup  (B.P.  and  U.S.P.),  or  with  oxymel 
of  squill  (B.P.).  The  powdered  drug  itself  is  usually  ordered  as  a  pill  in 
doses  of  a  grain — usually  combined  as  in  compound  squill  pill,  and  pill 
of  ipecacuanha  and  squill. 

CONVALLARIA. 

(U.S.  P.) 

A  decoction  of  the  lily  of  the  valley,  Convallaria  majalis,  has  been  used 
rom  remote  times  as  a  remedy  for  the  treatment  of  dropsy.     The  rhizome 
md  roots  are  official.     The  plant  contains  the  glucosides,  convallarin  and 
mvallamarin,  the  former  insoluble  in  water  and  crystalline,  the  latter 
)luble  both  in  water  and  alcohol,  and  amorphous.     Convallamarin  has  an 
3tion  closely  similar  to  that  of  digitalis  on  the  heart  and  vessels.     Con- 
vallarin, on  the  other  hand,  has  a  powerful  irritant  action  on  the  stomach 
id  intestine.     Convallaria  is  in  no  way  equal  to  digitalis,  and  it  is  not 
)ften  used  at  the  present  time.    It  would  be  advisable  to  use  convallamarin 
ither  than  the  preparation  of   the  entire  plant,  since  in   this  way  the 
rritant  action  of  the  substance  on  the  stomach  and  bowel  can  be  avoided, 
but  in  practice  a  tincture  or  the  fluid  extract  (U.S.P.)  are  usually  given  in 
doses  of  10  minims. 

ERYTHROPHLOZUM. 

The  bark  of  Erythrophlcenm  guinense,  which  is  used  as  an  ordeal  bark 
by  the  natives  of  Western  Africa,  contains  an  active  principle,  erythro- 
phleine,  which  has  the  same  action  as  digitalis.  The  drug  has  not  come 
into  general  use.  It  produces  much  vomiting  and  diarrhoea. 

ADONIS. 

A  glucoside,  adonidin,  has  been  extracted  from  the  leaves  of  Adonis 
vernalis ;  has  just  the  same  action  as  digitalis,  and  has  been  given,  it  is 
said  with  good  results,  in  cases  for  which  digitalis  is  used,  but  the  drug  is 
very  rarely  employed  therapeutically.  The  arterial  constriction  produced 
by  adonidiu  is  not  so  persistent  as  that  caused  by  digitalin. 

CACTUS. 

The  Cactus  grandiflorus  also  has  a  digitalis-like  action,  but  it  is  rarely 
employed  in  medicine. 

ANTIARIS. 

Upas  antiar  is  a  gum-resinous  exudation  from  the  Antiaris  toxicaria. 
It  is  used  as  an  arrow  poison  by  the  natives  of  the  East  Indies.  It  con- 
tains a  glucoside,  aritiarin,  which  acts  just  like  digitalis,  and  is  the  most 
powerful  poison  of  the  digitalis  group. 
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APOCYNUM. 

Apocynein,  the  most  active  principle  of  Apocynum  cannabinum,  has  an 
action  very  similar  to  that  of  strophanthus  on  the  heart,  but  it  does  not 
constrict  the  arteries.  It  is  fully  described  on  p.  727. 

URECHITES. 

(U.S.P.) 

The  Urechites  subereda,  or  swannel  flower,  contains  a  glucoside,  urechitin, 
which  acts  like  digitalis.  Neither  it,  apocynein,  nor  antiarin  are  used  in 
medicine. 

HELLEBORUS  NIGER. 
Helleborein  has  an  action  resembling  digitalis  (see  p.  735). 
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ERGOT. 

(B.P.  AND  U.S.P.) 

ERGOT  is  the  sclerotiurn  of  a  fungus,  Claviceps  purpurea,  which  grows  on  rye 
and  occasionally  on  other  grains.  It  is  not  only  of  importance  from  a 
pharmacological  and  therapeutical  point  of  view,  but  widespread  epidemics 
of  disease  have  been  caused  in  the  past  by  ergotism,  the  malady  being 
dependent  on  the  ingestion  of  rye  bread  formed  from  musty  grain. 

Ergotism  may  not  only  cause  severe  symptoms  and  death  in  man,  but 
it  also  affects  domestic  animals.  The  rye  that  is  infected  by  the  parasite 
is  spoken  of  as  "  spurred,"  and  although  epidemics  of  it  now  are  not  so 
frequent  as  in  the  last  century,  it  is  still  by  no  means  unknown  in  Europe, 
and  it  is  especially  prevalent  in  Russia. 

Composition. — The  composition  of  ergot  has  not  been  completely 
elucidated,  but,  according  to  Kobert,  it  contains  an  alkaloid,  cornutine,  and 
a  resinous  acid-sphacelinic  acid.  In  addition  to  these,  Kobert  considered 
that  ergotinic  acid,  which  differs  from  sphacelinic  acid  in  containing  no 
nitrogen,  is  also  present.  More  recently,  Jacobi  considers  that  the  action 
of  sphacelinic  acid  is  due  to  its  containing  a  resinous  body,  to  which  he 
has  given  the  name  of  sphacelotoxine. 

The  action  of  ergot  is  liable  to  be  very  uncertain,  owing  not  only 
to  variations  in  its  composition,  but  also  to  the  fact  that  the  active 
principles,  such  as  for  instance  sphacelotoxine,  are  combined  in  the  ergot 
with  other  bodies,  and  also  to  the  fact  that  some  active  principles,  as  for 
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instance  sphacelotoxine,  are  very  unstable  compounds,  and  prone  to 
decomposition.  From  this  it  is  easy  to  understand  that  the  pharmacopoeia! 
preparations  of  the  drug  are  unsatisfactory.  One  of  the  most  popular  is 
the  Extractum  Ergotae  (B.P.  and  U.S.P.,  dose  2  to  8  grs.).  The  Injectio 
Ergotte  Hypodermica  (B.P.)  is  the  extract  dissolved  in  water.  Its  dose  is 
3  to  10  minims.  The  liquid  extract  (B.P.)  made  with  water  and  alcohol, 
and  the  fluid  extract  (U.S.P.)  made  with  acetic  acid  and  alcohol,  are  both 
much  used  in  doses  of  10  to  30  minims.  The  infusion  (B.P.)  is  not  much 
used.  The  Tinctura  Ergotre  Ammoniata  (B.P.)  is  said  to  be  an  excellent* 
preparation,  and  there  is  a  Vinum  Ergot*  (U.S.P.).  Because  of  the  vary- 
ing proportion  of  active  principles  in  these  preparations,  some  prefer  the 
powdered  drug  in  doses  of  20  to  60  grs.  The  extract  is  often  called  ergotin. 

The  action  of  ergot  is  the  resultant  of  the  actions  of  these  various 
principles,  which,  when  isolated  in  a  pure  state,  produce  quite  distinct  and 
separate  effects.  Speaking  broadly,  the  action  of  the  substances  contained 
in  ergot  may  be  divided  into  two  main  groups — (1)  that  represented  by 
the  action  of  the  alkaloid  body  cornutine,  and  (2)  that  produced  by  the 
resinous  acid,  sphacelinic  acid,  and  the  resinous  body  sphacelotoxine,  con- 
tained in  it. 

The  action  of  coruutine  is  mainly  exerted  on  the  muscular  tissues  and 
the  nervous  system,  and  in  some  respects  resembles  veratria.  Sphacelo- 
toxine and  sphacelinic  acid,  on  the  other  hand,  produce  remarkable  effects, 
unique  in  pharmacology,  on  the  blood  vessels  of  the  body,  leading  to 
obstruction  of  the  circulation  and  the  production  of  gangrene. 

CORNUTINE. 

Pharmacology. — Cornutine  in  large  doses  produces  convulsions, 
which  are  said  to  be  due  to  the  stimulation  of  the  basal  ganglia  and  of  the 
medulla  oblongata.  The  convulsions  are  mainly  clonic  in  character,  and,  if 
very  severe,  death  may  occur  with  cessation  of  the  respiration ;  cornutine, 
in  addition,  produces  severe  vomiting,  purging,  and  salivation.  It  causes 
the  contraction  of  voluntary  muscle  to  be  slow  and  long  continued,  arid 
the  muscle  curve  resembles  to  a  certain  extent  that  produced  by  veratria, 
although  it  does  not  reach  the  extreme  length  seen  with  this  drug.  The 
action  on  the  voluntary  muscle  is  direct.  When  injected  into  the  circula- 
tion, it  causes  a  rise  of  blood  pressure,  associated  with  constriction  of  the 
peripheral  arterioles.  This  effect  is  well  seen  when  the  crude  preparations 
of  ergot  are  used.  The  rise  of  blood  pressure  is  considerable,  and  plethys- 
niographic  observations  on  the  kidney  and  other  organs  show  that  it  is 
dependent  on  the  constriction  of  the  arterioles.  The  rise  of  pressure  is 
accompanied  by  slowing  of  the  heart,  and  so  the  effect  on  the  general 
blood  pressure  is  not  so  great  as  the  arterial  constriction  would  itself 
produce,  the  effect  being  somewhat  neutralised  by  the  cardiac  slowing. 
After  section  of  the  vagi,  the  slowing  does  not  occur,  and  the  rise  of 
pressure  is  then  very  much  more  considerable.  The  arterial  constriction 
seen  after  the  administration  of  crude  ergot  is  largely  dependent  on  the 
direct  action  of  the  drug  on  the  muscular  coat  of  the  vessels,  but  the  rise 
of  pressure  and  arterial  constriction  produced  by  cornutine  is  said  to  be 
dependent  on  the  excitation  of  the  vasomotor  centre  by  the  drug. 
Cornutine,  however,  produces  a  direct  effect  on  the  voluntary  muscle,  and 
it  is  at  least  probable  that  the  arterial  constriction  produced  by  it  is  in  part 
dependent  on  a  direct  action,  the  substance  acting  on  all  muscular  tissue. 
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Cornutine  produces  peristal tic-like  contractions  of  the  stomach  and 
bowel  and  also  of  the  uterus,  and,  according  to  Kobert,  these  wave-like 
contractions  are  seen  in  the  uterus  whether  the  animal  be  pregnant  or  not. 
Cornutine  therefore  has  a  widespread  action  on  the  voluntary  and  in- 
voluntary muscular  tissue  of  the  bowel,  viscera,  and  of  the  arterial  system, 
although  it  is  possible  that  a  portion  of  the  constriction  seen  in  the  last  is 
dependent  on  an  action  on  the  vasomotor  centre. 

SPHACELINIC  ACID. 

Pharmacology. — Sphacelinic  acid  and  sphacelotoxine  produce  effects 
which  are  not  seen  with  any  other  poison.  They  cause  gangrene,  especially 
in  fowls,  and  also,  it  is  said,  particularly  in  pigs.  The  gangrene  in  fowls  is 
especially  marked  in  the  wattles  and  the  comb,  and  after  large  doses  the 
gangrene  of  the  comb  is  sufficiently  severe  to  cause  the  complete  separation 
of  it.  In  fowls  the  tip  of  the  tongue  is  said  to  undergo  the  same  change. 
In  pigs  the  gangrene  is  marked  in  the  tips  of  the  ears,  and  may  also  be 
observed  in  the  extremities  and  in  the  skin  of  the  trunk.  The  gangrene  in 
the  comb  of  the  fowl  is  associated  with  the  formation  of  hyaline  thickening 
in  the  walls  of  the  vessels ;  these  ultimately  become  blocked,  so  that  the 
gangrene  is  of  arterial  origin.  In  addition  to  the  hyaline  thickening, 
sphacelotoxine  causes  constriction  of  the  arterioles,  dependent  on  a  direct 
action  on  the  muscular  coat,  and  the  rise  of  blood  pressure  produced  by  it 
is  considerable.  Sphacelotoxine,  like  cornutine,  produces  contraction  of  the 
uterus,  but  it  is  not  clear  whether  this  result  is  dependent  on  a  direct 
action  of  the  drug  on  the  muscular  tissue  of  the  uterus,  or  whether  it  is 
an  indirect  effect  consequent  on  the  action  of  the  drug  on  the  blood  vessels, 
or  on  the  nervous  system.  The  action  of  sphacelotoxine  on  the  uterus  is 
seen  in  mammals,  in  whom,  with  the  exception  of  the  pig,  the  drug  does 
not  cause  gangrene,  although  ergot  itself  may  cause  gangrene  in  man. 
Sphacelotoxine  not  only  causes  gangrene  of  the  skin,  but  the  arterial 
thrombosis  produced  by  its  action  may  cause  haemorrhage  in  the  mucous 
membranes,  and  especially  in  the  mucous  membrane  of  the  bowel. 

EKGOT. 

Pharmacology. — The  action  of  crude  ergot  on  the  circulation  is 
somewhat  complicated.  When  a  small  dose  of  so-called  ergotin,  a  more  or 
less  crude  preparation  of  ergot,  is  injected  into  the  circulation,  the  first 
effect  produced  is  a  considerable  but  transitory  fall  in  the  systemic  pressure, 
followed  by  a  prolonged  and  gradual  rise,  dependent  on  constriction  of  the 
arterioles.  This  rise  of  pressure  in  the  arterial  system  is  very  persistent, 
but  unless  the  vagi  be  cut,  it  is  not  very  marked,  owing  to  the  slowing  of  the 
heart  which  is  produced  simultaneously.  The  pressure  in  the  pulmonary 
artery  undergoes  no  fall  during  the  initial  fall  that  occurs  in  the  aortic 
system,  and  the  injection  of  the  drug  is  followed  by  a  persistent  and  distinct 
rise  of  pressure.  The  initial  fall  of  systemic  pressure  is  therefore  associated 
with  a  rise  of  pressure  in  the  pulmonary  artery.  The  initial  fall  in  systemic 
pressure  is  probably  too  considerable  in  amount  to  be  dependent  entirely  on 
constriction  of  the  pulmonary  vessels,  inasmuch  as  the  rise  of  pressure  in 
the  pulmonary  artery  is  only  small.  It  is  of  some  importance  that  ergot 
causes  a  distinct  and  persistent  increase  in  the  pulmonary  tension,  whereas 
it  has  a  mixed  effect  on  the  systemic  blood  pressure.  It  is  possible  that 
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the  initial  and  transitory  fall  in  systemic  pressure,  seen  after  its  injection, 
is  dependent  upon  a  direct  action  on  the  muscular  tissue  of  the  heart,  since, 
if  the  drug  caused  any  tonic-like  contraction  of  the  wall  of  the  left 
ventricle,  this  would  immaterially  diminish  the  output  into  the  aorta. 

The  action  of  ergot  in  causing  a  continuous  rise  of  pressure  in  the 
pulmonary  artery,  associated  with  an  initial  fall  and  subsequent  rise  of 
pressure  in  the  aorta,  is  a  peculiar  and,  as  far  as  I  know,  a  specific  action. 
This  action  of  ergot  in  causing  a  persistent  increase  in  pulmonary 
tension  is  of  some  importance  with  reference  to  its  reputed  value  in  the 
treatment  of  haemoptysis.  From  a  pharmacological  point  of  view,  ergot  is 
scarcely  likely  to  benefit  a  condition  like  haemoptysis,  inasmuch  as  the 
drug  distinctly  raises  the  pulmonary  blood  pressure.  Ergotinic  acid  is 
said  to  cause  depression  and  paralysis  of  the  spinal  centres,  and  death  is 
said  to  occur  from  paralysis  of  the  respiration. 

Therapeutically,  the  preparations  cornutine,  sphacelotoxine,  have  not 
been  much  used ;  the  drug  is  nearly  always  administered  in  the  form  of 
ergot  or  ergotin. 

Toxicology. — Ergot  not  uncommonly  produces  toxic  symptoms  in 
the  human  subject,  sometimes  when  it  has  been  administered  for  the 
purpose  of  procuring  abortion,  and  then  the  symptoms  have  usually  been 
acute.  In  other  cases  symptoms  of  chronic  poisoning  have  been  noticed, 
either  owing  to  the  long  use  of  the  drug  or  sometimes  owing  to  the 
ingestion  of  rye  bread  made  from  meal  contaminated  with  the  parasite. 
Ergot  is  said  to  affect  the  grain  especially  in  damp  and  wet  seasons,  and 
formerly  widespread  epidemics  of  ergotism  were  not  uncommon. 

The  acute  symptoms  seen  in  the  human  subject  after  the  administration 
of  a  poisonous  dose  are  collapse,  vomiting,  diarrhoea,  occasionally  uterine 
haemorrhage  and  abortion.  Not  uncommonly  very  severe  symptoms  of 
collapse,  vomiting,  and  diarrhosa  may  be  produced  by  a  poisonous  dose 
without  abortion  taking  place,  and  on  post-mortem  examination  haemor- 
rhages in  the  subcutaneous  tissue  and  in  the  internal  organs  are  found. 

Chronic  poisoning  in  the  human  subject,  either  as  a  result  of  the  inges- 
tion of  contaminated  bread  or  from  the  long-continued  administration  of 
the  drug,  produces  two  sets  of  symptoms — one  dependent  on  the  action  of 
the  poison  on  the  nervous  system,  the  other  dependent  on  the  production 
of  gangrene.  In  some  epidemics  that  devastated  Europe  in  the  Middle 
Ages,  the  gangrenous  form  predominated,  in  others  the  nervous  form. 

In  the  gangrenous  form,  agonising  pain  in  the  limbs  is  an  initial  symp- 
tom ;  this  may  be  followed  by  an  erysipelatous  blush,  which  is  followed  by 
lividity  of  the  part,  and  to  this  dry  gangrene  may  succeed.  Prior  to  the 
onset  of  the  gangrene,  the  limb  becomes  anaesthetic.  The  gangrene  usually 
affects  the  periphery  of  the  limb,  and  the  victim  may  lose  a  hand  or  foot ; 
sometimes  the  gangrene  affects  only  the  skin,  which  may  slough  ;  when  the 
gangrene  is  at  all  widespread,  death  commonly  follows.  The  gangrenous 
form  of  the  malady  resembles  Eaynaud's  disease,  and  some  observers  have 
thought  that  Kaynaud's  disease  was  really  dependent  on  ergotism ;  this, 
however,  is  improbable,  although  apparently  some  cases  originally  described 
by  Raynaud  were  dependent  on  ergot.  In  one  of  Eaynaud's  cases,  I  \  grm. 
of  ergot  had  been  administered  before  the  onset  of  the  symptoms.  In 
some  of  the  cases  of  the  gangrenous  form,  ulcers  in  the  bowel  and  stomach 
have  been  described,  and  cataract  is  not  uncommon. 

In  the  other  variety  of  ergotism,  tingling  followed  by  violent  tonic  and 
clonic  cramps  occurs,  accompanied  with  severe  vomiting  and  diarrhoea. 
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Sometimes  epileptiform.  convulsions  are  present,  and  death  has  ensued  as 
rapidly  as  in  one  or  two  days.  In  cases  of  recovery  it  is  not  uncommon  for 
epilepsy  to  develop  subsequently,  and  cataract  has  also  been  described  as 
a  remote  sequel. 

In  either  form  of  chronic  ergotism  it  is  said  that  the  sensory  nerves  are 
paralysed,  and  that  a  sclerosis  resembling  that  of  tabes  may  be  produced 
in  the  posterior  columns  of  the  cord.  The  hyaline  degeneration  of  the 
intima  of  the  arteries,  which  is  experimentally  produced  in  animals,  is 
also  found  in  the  fatal  cases  in  the  human  subject.  Haemorrhages  in  the 
mucous  membranes  of  the  viscera  are  also  seen. 

Therapeutics. — Ergot  is  used,  mainly  on  empirical  grounds,  for 
the  treatment  of  internal  haemorrhage,  more  especially  haemorrhage  from 
the  lungs ;  and  in  addition  it  is  used  largely  in  obstetric  medicine.  Its 
use  has  also  been  recommended  in  a  variety  of  affections  of  the  nervous 
system,  and  also  in  some  functional  disorders,  such  as  diabetes  insipidus. 
It  is  essential  to  bear  in  mind  that  ergot  and  ergotin  are  very  uncertain 
preparations,  and  that  it  is  very  inadvisable  for  the  substance  to  be  pre- 
scribed either  in  large  doses  or  for  any  length  of  time,  in  any  form,  owing 
to  the  dangerous  toxic  effects  which  are  liable  to  be  induced  in  the  human 
subject  by  even  comparatively  small  doses. 

The  action  of  ergot  as  a  haemostatic  has  been  thought  to  be  due  to 
its  effect  in  slowing  the  heart  and  contracting  the  arterioles.  There  is 
no  question  that  these  effects  are  produced  by  ergot,  but  inasmuch  as  under 
its  influence  the  blood  pressure  rises,  it  is  at  least  doubtful  whether  it  is 
a  suitable  remedy  to  use  in  the  treatment  of  haemorrhage ;  and  on  pharma- 
cological grounds  it  is  difficult  to  understand  how  a  substance  which 
causes  arterial  constriction  can  in  any  way  tend  to  arrest  internal 
haemorrhage,  since  the  arterial  constriction  is  almost  invariably  more  or 
less  general  in  its  distribution,  and  so  causes  a  rise  of  blood  pressure  of 
varying  amount.  In  experiments  performed  by  me  some  years  ago  on  the 
action  of  ergot  on  the  circulation,  it  was  no  uncommon  phenomenon  to 
see  haemorrhage  recommence  from  a  wound  after  it  had  been  arrested  by 
pressure,  owing  to  the  administration  of  the  ergotin  causing  a  heightened 
arterial  tension. 

Although  the  action  of  ergot  on  the  systemic  system,  as  described 
above,  is  considerable,  producing  first  a  fall  and  then  a  rise  in  pressure, 
its  action  on  the  pulmonary  blood  vessels  is  such  as  to  cause  a  permanent 
rise,  and  it  is  difficult  to  understand  how  such  a  drug  can  possibly  be  of 
any  value  in  the  treatment  of  pulmonary  haemorrhage.  From  the  ex- 
perimental results  obtained,  it  might  indeed  be  said  that  it  is  perhaps  a 
substance  calculated  to  produce  the  very  reverse  effect  and  to  tend  rather 
to  increase  any  haemorrhage  from  an  ulcerated  vessel.  At  the  same  time, 
many  physicians  hold  the  view  that  ergot  is  of  great  benefit  in  the 
treatment  of  haemorrhage,  and  especially  of  haemoptysis,  when  other 
substances  have  failed.  All  that  can  be  said  here  is  that  the  pharma- 
cological action  of  the  drug  is  not  such  as  to  lead  one  to  accept  this  view. 

Its  action  as  a  haemostatic  in  cases  of  uterine  haemorrhage  is  on  a 
different  footing,  since  here,  owing  to  the  peculiar  anatomical  relations  of 
the  uterine  sinuses,  the  arrest  of  haemorrhage  after  labour  is  dependent 
not  so  much  on  constriction  of  the  arterioles,  as  on  a  long-continued  tonic 
contraction  of  the  muscular  tissue  of  the  uterus  itself,  and  ergot  is  of 
distinct  value  in  these  cases. 

Experimentally,  ergot  has  been  found,  as  described  above,  to  increase 
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the  uterine  contractions,  and  it  is  definitely  said  that  it  causes  rhythmical 
contractions.  Obstetricians,  on  the  other  hand,  hold  the  view  that  ergot 
tends  to  cause  a  long-continued  tonic  contraction  of  the  human  uterus, 
and  that  this,  although  of  great  value  for  the  arrest  of  uterine  haemorrhage 
after  labour,  is  a  very  serious  objection  to  its  use  as  an  ecbolic,  or  as  a 
substance  to  aid  parturition,  since  it  is  essential  for  successful  delivery 
that  the  contractions  of  the  uterus  should  be  rhythmical  and  interrupted, 
as  long-continued  contraction  of  the  uterus  is  liable  not  only  to  cause  the 
death  of  the  foetus  from  asphyxia,  but  also  may  cause  very  serious  results 
to  the  mother.  It  is  for  these  reasons  that  ergot  is  never  given  except  in 
the  absence  of  all  impediment  to  the  delivery  of  the  child.  It  is  used  by 
many  obstetricians  for  the  purpose  of  producing  tonic  persistent  contrac- 
tion of  the  uterus,  and  in  that  way  checking  the  tendency  to  post-partum 
Haemorrhage ;  and  some  obstetricians  give  it  when  the  head  is  on  the 
perineum  with  the  same  object.  Many  authorities,  however,  consider  that 
its  use  is  not  only  quite  unnecessary,  but  that  it  is  inadvisable  in  all  cases. 

It  is  a  substance  which  is  largely  used  when  abortion  is  sought  to  be 
procured  with  criminal  intent.  Its  efficacy  as  an  abortifacient  is,  however, 
doubtful,  and  in  many  cases  where  it  has  been  used  with  criminal 
intention  it  has  produced  very  serious  symptoms  of  poisoning. 

Ergot  has  also  been  used  to  check  the  haemorrhage  associated  with 
various  diseased  conditions  of  the  endometrium  and  in  the  treatment  of 
uterine  fibromata ;  in  all  cases,  however,  its  use  for  any  prolonged  period 
is  strongly  contra-indicated  for  the  reasons  given  above. 

KEFEKENCES. 

BINZ. — "  Lectures  on  Pharmacology,"  1895.  JACOBI. — Arch.  f.  exper.  Path, 
u.  Pharmakol.,  Leipzig,  Bd.  xxxix.  KOBERT.— Ibid.,  1884,  Bd.  xviii. 

JOHN   ROSE   BRADFORD. 


DIUEETICS. 

THE  secretion  of  the  kidney  can  be  influenced  by  numerous  drugs,  directly 
or  indirectly.  Some  diuretics  produce  an  increased  flow  of  urine,  owing  to 
their  action  on  the  circulation,  the  changes  in  the  circulation  affecting  the 
rate  of  flow  through  the  renal  vessels  in  such  a  way  as  to  lead  to  an 
increased  urinary  flow.  Other  drugs  produce  a  direct  action  on  the  cell 
structures  in  the  kidney. 

From  the  point  of  view  of  the  action  of  drugs,  the  urine  may  be 
considered  as  consisting  of  two  parts  —  the  water  with  the  saline 
constituents  on  the  one  hand,  and  urea  with  similar  bodies  on  the  other. 
It  is  well  known  that  the  former  are  eliminated  by  the  action  of  the 
glomeruli,  and  the  latter  by  the  activity  of  the  cells  of  the  convoluted 
tubules.  It  is  possible  that  the  medulla  of  the  kidney  may  absorb  water. 
It  has  been  suggested  that  the  urine,  as  secreted  by  the  glomeruli,  is  much 
more  dilute  than  that  ultimately  voided,  and  that  the  great  length  of  the 
uriniferous  tubule  is  for  the  purpose  of  absorption  of  urinary  water.  The 
length  of  the  tubules  varies  greatly  in  different  animals,  and  is  supposed 
to  be  correlated  with  the  absorption  of  water.  The  activity  of  the  glomer- 
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ular  chamber  is  very  greatly  dependent  on  the  state  of  the  general 
circulation,  and  many  drugs  reputed  to  have  diuretic  effects  produce  more 
or  less  well-marked  changes  in  the  blood  pressure.  In  many  cases 
diuresis  is  brought  about  solely  by  the  vascular  changes,  and  the  drug  has 
little  or  no  right  to  be  spoken  of  as  a  diuretic,  although  it  may  produce 
a  great  increase  in  the  amount  of  urinary  water,  in  conditions  where  the 
circulation  is  disordered.  Digitalis  is  a  striking  example  of  such  a  drug. 

Experimental  investigation.  —  In  investigating  the  action  of 
diuretics  experimentally,  the  general  blood  pressure,  the  volume  of  the 
kidney,  and  the  amount  of  urine  secreted  in  a  given  time  must  be  observed. 
In  this  way  both  the  general  and  the  local  effects  of  the  drug  on  the 
circulation  can  be  determined.  The  general  blood  pressure  is  observed  by 
the  connection  of  a  manometer  with  the  carotid  artery.  The  volume 
of  the  kidney  is  usually  observed  by  the  use  of  Roy's  oncometer ;  the 
amount  of  urine  by  the  introduction  of  a  cannula  into  the  ureter.  A  great 
many  of  the  earlier  observations  on  the  action  of  diuretics  are  unreliable, 
owing  to  the  fact  that  all  three  of  these  phenomena  were  not  observed 
simultaneously,  and  erroneous  conclusions  were  drawn,  more  especially 
with  regard  to  the  action  of  these  drugs  on  the  circulation.  The  action  of 
diuretics  can  also  be  investigated  experimentally  by  the  removal  of  the 
kidney  from  an  animal,  and  then  by  means  of  an  artificial  circulation, 
passing  defibrinated  blood  at  a  suitable  temperature  through  the  organ. 
Munk  conducted  a  large  number  of  observations  of  this  character,  passing 
defibrinated  blood  through  the  extirpated  kidneys  of  dogs  at  a  suitable 
pressure.  A  certain  amount  of  fluid  is  secreted  and  drops  from  the  ureter ; 
the  action  of  supposed  diuretics,  more  especially  on  the  solid  constituents 
of  the  modified  urine  that  is  secreted  under  these  circumstances,  can  be 
observed  by  the  addition  of  various  substances  to  the  defibrinated  blood. 
In  the  human  subject  the  investigation  of  the  action  of  diuretics  is 
usually  confined  to  measurement  of  the  quantity  of  urine  passed  during 
their  administration,  and  thus  the  interpretation  of  the  results  is  apt  to 
be  fallacious,  inasmuch  as  no  efficient  control  of  the  action  of  the  drug 
on  the  circulation  is  maintained. 

Physiologically,  the  most  important  factors  determining  the  amount 
of  urine  are  the  rate  of  flow  of  the  blood  through  the  kidney,  and  the 
integrity  and  activity  of  the  glomerular  and  tubular  epithelium.  In  all 
questions  of  the  amount  of  urinary  water,  the  question  of  the  rate  of  blood 
flow  through  the  renal  vessels  is  of  the  utmost  importance.  The  greater 
the  rate  of  flow  the  greater  the  amount  of  urinary  water.  Formerly  it 
was  thought  that  the  quantity  of  urinary  water  was  mainly  dependent  on 
the  blood  pressure,  and  that  with  a  high  pressure  the  flow  was  abundant, 
with  a  low  pressure  the  flow  was  scanty.  This  is  true  in  a  considerable 
number  of  cases,  but  only  because  with  a  high  pressure  the  rate  of  flow 
through  the  renal  vessels  is  generally  increased,  and  with  a  low  blood 
pressure  it  is  diminished.  The  relation  is  indirect,  however,  since,  with 
a  high  blood  pressure  dependent  on  general  arterial  constriction,  it  is 
possible  for  the  renal  arteries  to  participate  to  so  great  an  extent  in  the 
general  constriction,  that,  notwithstanding  the  high  blood  pressure,  the 
amount  of  blood  in,  and  the  rate  of  flow  of  this  blood  through,  the  renal 
vessels  are  greatly  diminished.  Under  these  circumstances  the  high  blood 
pressure  will  be  accompanied  by  a  scanty  urinary  flow.  The  fact  that  the 
flow  of  urinary  water  is  so  intimately  associated  with  the  rate  of  blood 
flow  through  the  renal  vessels,  rather  than  on  the  actual  blood  pressure, 
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affords  further  evidence  that  the  activity  of  the  glomerular  epithelium  is 
different  to  that  of  a  mere  filter,  since  clearly  the  best  condition  for  the 
efficient  action  of  a  filter  is  a  great  difference  of  pressure  on  the  two  sides 
of  the  filter,  rather  than  a  great  velocity  or  increase  in  rapidity  of  the 
flow  through  the  apparatus.  The  optimum  condition  for  the  production 
of  a  copious  urinary  now  is,  that  the  renal  vessels  should  be  dilated  and 
the  vessels  of  the  rest  of  the  body  constricted,  or  at  any  rate  not  dilated. 
Under  these  circumstances  a  great  increase  in  blood  flow  through  the 
kidney  will  take  place.  If,  however,  the  general  vessels  share  in  the 
dilatation  of  the  renal  vessels,  or  the  renal  in  the  general  constriction,  it 
is  clear  that  the  effect  will  be  diminished.  Local  dilatation  of  the  renal 
vessels,  accompanied  by  a  general  vascular  constriction,  cannot  be  pro- 
duced by  the  action  of  any  known  diuretic.  Many  so-called  diuretics 
produce  dilatation  of  the  kidney  without  interfering  to  any  marked  extent 
with  the  state  of  the  general  blood  vessels ;  for  example,  most  of  the  con- 
stituents of  the  urine,  and  more  especially  urea,  produce  this  effect.  The 
injection  of  small  quantities  of  urea  into  the  circulation  is  followed  by  a 
marked  dilatation  of  the  kidney,  but  it  produces  effects  only  very  slight  on 
the  general  blood  pressure.  Dextrose  and  lactose  have  very  similar  actions. 
Water  and  most  of  the  saline  ingredients  of  the  urine  also  produce 
analogous  effects,  and  it  is  a  point  of  some  interest  that  substances  which 
are  found  normally  excreted  in  the  urine  should  act  in  this  way.  The 
effects  produced  by  these  agents  on  the  renal  circulation  is  a  direct  one 
on  the  vessels  themselves,  and  not  indirect  on  the  nervous  system  acting 
through  the  vasomotor  nerves.  Urea  and  its  allies  also  have  a  specific 
action  on  the  cells  of  the  convoluted  tubules,  thanks  to  which  they  are 
excreted.  It  is  of  some  interest  that  the  most  powerful  diuretics  we 
possess,  i.e.  caffeine  and  its  allies,  are  closely  related  in  composition  to  the 
xanthin  series,  a  series  which  is  represented  by  xanthin  and  other  allied 
bodies  amongst  the  normal  constituents  of  the  urine. 

Action  and  uses. — The  action  of  diuretics  resembles  that  of  most 
drugs  affecting  the  blood  pressure,  by  causing  arterial  constriction  or 
dilatation,  since  in  by  far  the  greater  number  of  such  cases  these  effects 
are  produced  by  the  direct  action  of  the  substances  on  the  vessels  them- 
selves. Water,  urea,  sugar,  and  salts,  all  of  which  cause  dilatation  of  the 
renal  vessels  with  diuresis,  produce  also  similar  slight  effects  on  the  vessels 
generally,  but  their  action  on  the  renal  vessels  is  the  most  marked,  so  that 
even  with  these  physiological  diuretics  the  action  on  the  kidney  is  not 
absolutely  specific.  In  the  case  of  drugs  causing  marked  diuretic  effects, 
the  vascular  effects  are  much  more  general.  There  is  no  evidence  of  the 
existence  of  any  diuretic  which  will  cause  dilatation  of  the  renal  vessels 
alone,  and  the  statements  that  have  been  made  to  this  effect  are  based  not 
on  direct  observation  of  the  renal  circulation,  but  on  theoretical  assump- 
tions, owing  to  the  fact  that  the  drug  in  question  causes  an  increased 
flow  of  urine.  Caffeine,  a  drug  possessing  most  marked  diuretic  effects, 
does  produce  dilatation  of  the  renal  vessels  in  certain  doses,  but  this 
dilatation  is  not  the  sole  effect ;  it  is  always  preceded  by  a  temporary 
constriction,  and  large  doses  of  caffeine  invariably  produce,  not  dilatation, 
but  constriction  of  the  kidney  vessels.  Repeated  small  doses  of  caffeine 
produce  only  the  initial  effect,  that  is  to  say,  constriction.  In  fact, 
experimentally,  it  is  difficult  to  demonstrate  the  dilating  effect  produced 
by  caffeine  except  with  the  first  dose.  Such  a  drug  as  caffeine  producing 
dilatation  of  the  renal  vessels,  with  a  slight  heightening  in  arterial  tension, 
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dependent  largely  on  its  action  on  the  heart,  produces  most  marked 
diuretic  effects,  the  quantity  of  urine  secreted  during  the  renal  engorge- 
ment being  many  times  the  previous  amount.  The  effect  is  one  that  lasts 
for  some  time,  but,  as  mentioned  above,  when  it  has  passed  off  it  is 
difficult  to  reproduce  it  by  the  administration  of  a  second  dose. 

The  action  of  a  diuretic  not  only  leads  to  its  own  excretion  together 
with  that  of  a  variable  amount  of  water,  but,  in  addition,  it  causes  the 
excretion  of  a  certain  amount  of  the  saline  and  extractive  matters  present 
in  the  blood  plasma.  Thus  the  diuretic  action  of  a  potash  salt  will  cause 
an  increased  excretion  of  soda  salts  in  the  urine,  since  the  composition  of 
the  urine  is  largely  dependent  upon  the  composition  of  the  blood  plasma. 
It  is  for  a  similar  reason  that  diuretics  are  of  value  in  promoting  the 
elimination  of  toxic  bodies  present  in  the  blood  in  disease. 

Some  substances  having  a  marked  diuretic  action  only  produce  their 
effects  when  administered  freely  diluted,  and  this  is  especially  true  of 
alcohol. 

Diuretics  are  commonly  used  to  effect  one  or  more  of  the  following 
purposes : — 

To  dilute  the  urine.  This  may  be  desirable  when,  owing  to  the  con- 
centration of  the  urine,  irritant  effects,  such  as  frequent  and  painful 
micturition,  are  produced.  It  may  also  be  desirable  to  dilute  the  urine 
freely  in  cases  where  there  is  a  tendency  to  the  deposition  of  some  of  the 
urinary  constituents. 

To  relieve  partial  or  complete  suppression.  Diuretics  are  sometimes 
of  use  in  this  condition,  but  their  efficacy  will  depend  entirely  on  the 
cause  of  the  suppression,  whether  it  arises  from  serious  organic  disease  of 
the  kidneys,  or  whether  it  is  a  temporary  phenomenon,  as  it  sometimes 
is,  of  reflex  origin. 

To  relieve  dropsy.  Here  also  the  efficacy  of  diuretics  will  depend 
largely  on  the  nature  of  the  disease.  If  the  anasarca  is  dependent  on 
cardiac  disease,  and  the  kidneys  are  not  seriously  affected,  diuretics  will 
be  of  great  service.  In  the  dropsy  of  renal  disease,  on  the  other  hand, 
they  may  be  not  only  of  no  avail,  but  their  administration  may  be  pre- 
judicial, since  the  kidneys  may  be  so  extensively  diseased  as  to  be  unable 
to  respond  to  their  action.  The  dropsy  of  renal  disease  can  often  be 
relieved  more  efficiently  by  other  measures,  and  more  especially  by 
diaphoretics. 

Diuretics  may  sometimes  be  of  use  in  the  treatment  of  certain  effusions 
into  the  serous  cavities,  as  for  instance  some  forms  of  ascites.  They  are 
of  no  service  in  the  treatment  of  inflammatory  effusions. 

Like  purgatives  and  diaphoretics,  they  are  often  of  use  in  increasing 
the  action  of  the  excretory  organs  in  general  diseases,  e.g.  fevers  and  other 
diseases,  in  which  toxines,  produced  either  by  microbic  activity  or  by  per- 
verted metabolic  processes,  exist  in  the  body,  and  it  is  essential  that  they 
should  be  excreted.  The  urine  is  one  of  the  channels  by  which  such  toxic 
bodies  are  eliminated. 

There  are  many  diuretics,  but  most  of  them  fall  under  other  headings 
in  this  work.  Here  we  shall  only  describe  caffeine,  which  is  the  most 
powerful  diuretic  we  possess,  and  uva  ursi,  scoparium,  triticum,  and  xea, 
because,  although  feeble  diuretics,  they  are  used  as  such,  and  do  not  con- 
veniently fall  under  any  other  heading. 
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CAFFEINE. 
(B.P.  AND  U.S. P.). 

Caffeine  is  a  substance  which  may  be  called  either  a  drug  or  a  food 
accessory ;  for  coffee,  of  which  it  is  an  active  constituent,  forms  one  of  a 
series  of  substances  which  are  almost  universally  used  as  food  accessories. 
The  other  members  of  this  group  are  tea,  cocoa,  kola,  paraguay  tea,  and 
guarana  paste.  The  active  principles  of  all  these  substances  consist  of 
bodies  which  are  closely  allied  to  some  of  the  products  of  nitrogenous 
metabolism  found  in  the  urine,  that  is  to  say,  the  xanthin  bases. 

Caffeine,  the  active  principle  of  coffee,  is  trimethyl-xanthin.  Caffeine 
is  also  present  in  tea,  together  with  theophyllin,  a  dimethyl-xanthin. 
Cocoa  contains  theobromin,  a  dimethyl-xanthin.  Kola  contains  caffeine 
and  theobromin. 

Caffeine,  theophyllin,  and  theobromin  have  very  similar  actions,  differing 
only  in  degree.  The  most  important  difference  lies  in  the  fact  that 
theobromin  is  a  more  active  diuretic  than  caffeine.  Citrate  of  caffeine  and 
effervescing  citrate  of  caffeine  are  official  in  both  pharmacopoeias. 

Pharmacology. — The  action  of  caffeine  is  mainly  exerted  on  the 
nervous  and  muscular  systems.  Caffeine  acts  on  all  varieties  of  muscles, 
— voluntary,  cardiac,  and  involuntary, — although  its  action  on  voluntary 
muscle  is  perhaps  its  most  peculiar  characteristic.  It  produces,  when 
injected  into  a  frog  or  when  applied  locally  to  muscle,  a  peculiar  rigidity 
and  stiffness  of  the  muscle  closely  resembling  that  seen  in  rigor  mortis. 
In  smaller  doses  the  form  of  the  muscle  curve  is  altered,  the  contraction 
becoming  more  prolonged.  This  action  on  the  frog's  muscle  is  very 
much  more  marked  in  Rana  temporaria  than  in  Rana  esculenta. 

Circulatory  apparatus. — Caffeine  in  certain  doses  produces  accelera- 
tion and  an  increase  in  the  force  of  the  cardiac  beat,  and  it  may  arrest 
the  frog's  heart  in  a  very  similar  way  to  that  in  which  it  is  arrested  by 
digitalis,  i.e.  by  producing  a  persistent  increase  in  the  tonic  contraction, 
and  so  arresting  the  heart  in  extreme  systolic  contraction.  In  very  small 
quantities  it  is  stated  to  increase  only  the  rate  of  the  heart-beat  in 
the  frog. 

In  the  mammalia  the  intravenous  injection  of  caffeine  causes  at  first 
acceleration  and  a  diminution  in  the  force  of  the  cardiac  beats,  and  this 
initial  effect  immediately  following  the  intravenous  injection  of  the  drug 
is  commonly  succeeded  by  a  more  persistent  effect  characterised  by  slowing 
of  the  rhythm,  together  with  an  increase  in  the  force  of  the  cardiac  beat. 
The  diminution  in  the  force  of  the  heart-beat  in  the  mammalia  is 
sufficient  to  cause  an  obvious  but  temporary  fall  of  blood  pressure.  It  is 
possible  that  this  initial  effect  of  causing  a  fall  in  blood  pressure  may  be 
dependent  on  the  drug  causing  an  increase  in  the  tonic  contraction  of  the 
heart,  and  in  that  way  limiting  the  output  of  blood.  The  acceleration  and 
the  diminution  in  the  force  of  the  cardiac  beat  seen  after  the  intravenous 
injection  of  caffeine  in  the  mammalia  is  of  very  transitory  duration,  and 
the  more  persistent  and  characteristic  effect  of  the  drug  is  to  cause  a 
slight  increase  in  the  force  together  with  slowing  of  the  rhythm.  Large 
or  repeated  doses  produce  well-marked  acceleration.  After  section  of  both 
vagi,  caffeine  still  produces  a  slight  fall  of  blood  pressure,  and  the  initial 
acceleration  described  above  is  not  seen,  so  that  under  these  circumstances 
the  sole  immediate  action  of  the  drug  on  the  heart  is  apparently  to  slightly 
diminish  the  force  of  the  beats. 
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It  is  probable  that  caffeine  acts  both  on  the  cardiac  muscle  and  on  the 
inhibitory  centres,  especially  in  the  medulla,  since  not  only  is  the  accelera- 
tion described  above  not  well  seen  after  division  of  the  vagi,  but  the 
slowing  of  the  cardiac  rhythm  is  also  not  so  marked  under  these  conditions. 
There  have  been  considerable  discrepancies  in  the  results  of  different 
observers  as  regards  the  action  of  caffeine  on  the  circulation.  Some  consider 
that  the  acceleration  of  the  cardiac  rhythm  seen  with  this  drug  is  independ- 
ent of  any  action  on  the  inhibitory  mechanism,  and  is  due  to  a  direct 
action  on  the  heart  muscle ;  other  observers  have  laid  more  stress  on  the 
slowing  of  the  rhythm  produced  by  the  drug.  The  results  of  certain  experi- 
ments of  the  author  pointed  to  the  conclusion,  that  the  action  of  the  drug 
might  be  summarised  as  producing  first  of  all  a  diminution  of  the  force  of 
the  heart's  beats  with  slight  acceleration  of  the  rhythm,  followed  by  a 
period  of  increased  force  with  distinct  slowing,  and  it  is  possible  that  the 
initial  effect  (inasmuch  as  it  is  always  seen  to  follow  the  intravenous  in- 
jection of  the  drug  in  animals)  is  really  dependent  on  a  large  dose  of  the 
substance  suddenly  reaching  the  heart. 

Just  as  it  is  impossible  to  arrest  the  heart  of  a  mammal  in  systole  with 
large  doses  of  digitalis,  although  this  is  easy  in  the  frog,  so  caffeine  in 
poisonous  doses  arrests  the  mammalian  heart  in  diastole,  although  it  may 
arrest  the  frog's  heart  in  systole. 

Although  there  is  much  want  of  agreement  in  the  explanations  of  the 
action  of  the  drug  on  the  heart,  its  action  on  the  vasomotor  system  is  quite 
definite.  It  produces  with  certain  doses  a  constriction  of  the  blood  vessels 
of  short  duration,  followed  by  an  expansion  of  much  longer  duration.  The 
intravenous  injection  of  a  small  dose  may  cause  a  constriction,  well  marked 
in  the  kidney  vessels  and  in  the  spleen,  lasting  perhaps  three  or  four 
minutes,  and  followed  by  an  expansion  lasting  some  twenty  to  thirty 
minutes.  All  doses  of  caffeine,  when  injected  intravenously,  produce  at  first 
constriction  of  the  blood  vessels  of  the  kidney  and  other  parts,  and  this 
constriction  is  well  seen  in  oncometric  observations  on  the  kidney  and 
spleen.  Although  all  doses  of  caffeine  produce  initial  constriction,  the  sub- 
sequent dilatation  described  above  is  only  seen  with  small  and  moderate 
doses.  During  the  period  of  dilatation  the  blood  pressure  remains  slightly 
above  the  normal,  owing  to  the  fact  that  synchronously  the  second  action 
on  the  heart  is  present,  that  is  to  say,  the  heart-beats  are  increased  in 
force. 

After  repeated  injection,  caffeine  soon  fails  to  produce  vascular  dilata- 
tion, and  a  time  is  rapidly  reached  when  every  injection  is  followed  only 
by  the  production  of  vascular  constriction. 

The  action  of  caffeine  on  the  blood  vessels  of  the  body,  producing  first 
constriction  and  then  dilatation,  is  one  of  the  most  marked  and  important 
actions  of  the  substance.  It  is  often  stated  that  this  action  is  dependent 
on  the  excitation  of  the  vasomotor  centre  in  the  medulla  by  the  drug,  and 
perhaps  to  a  certain  extent  this  may  be  true,  but  both  the  constriction 
and  the  dilatation  of  the  arteries  may  be  well  seen  in  such  an  organ  as  the 
kidney  after  division  of  the  splanchnic  nerve.  There  can  be  no  doubt 
that  the  action  on  the  muscle  of  the  arterial  wall  is  in  part  direct  and 
analagous  to  the  action  of  caffeine  on  the  heart  and  on  voluntary  muscle, 
since  repeated  or  large  doses  cause  really  the  same  effects  on  the  volun- 
tary muscle  of  Rana  temporaria,  the  heart  muscle  of  the  frog,  and  the 
arterial  muscle  of  the  mammal ;  in  all  cases  a  peculiar  long  persistent 
contraction  is  produced. 
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I  It  is  owing  to  the  fact  that  caffeine  causes  such  well-marked  constriction 
f  the  arteries,  and  at  one  stage  of  its  action  slows  the  cardiac  rhythm, 
chat  some  authorities  have  regarded  its  action  as  analogous  to  that  of 
digitalis ;  but  the  resemblance  is  very  superficial,  inasmuch  as  caffeine  pro- 
duces a  far  greater  and  more  persistent  effect  on  the  involuntary  muscular 
tissue  of  the  arteries,  and  it  does  not  produce  that  notable  slowing  and 
increase  in  the  force  of  the  cardiac  beat  that  is  so  characteristic  an  action 
of  digitalis.  The  action  of  caffeine  on  the  heart  is  far  more  transitory  than 
that  of  digitalis. 

Kidney. — Caffeine  in  moderate  doses  produces  a  very  considerable 
diuretic  effect ;  in  fact,  it  is  the  most  powerful  diuretic  that  we  know, 
and  there  is  no  other  drug  that  produces  such  great  effects  experimentally 
on  animals. 

The  action  of  caffeine  on  the  kidney  is  not  a  simple  one.  During 
the  stage  of  vascular  constriction,  described  above  as  immediately  follow- 
ing the  intravenous  injection,  the  secretion  of  urine  is  arrested.  During 
this  stage  of  renal  constriction  there  is  a  slight  fall  in  the  general  blood 
pressure,  owing  to  the  fact  that  the  vascular  constriction  is  synchronous 
with  the  action  of  the  drug  on  the  heart,  described  above  as  the  immediate 
result  of  the  injection  of  the  drug,  whereby  the  force  of  the  heart-beat 
is  diminished.  During  the  stage  of  expansion  of  the  renal  vessels  the 
flow  of  urine  is  greatly  increased,  so  that  the  action  of  the  drug  on  the 
kidney  is  a  double  one.  Experimentally  it  is  not  possible  to  give  such 
doses  of  caffeine  intravenously  as  to  produce  only  expansion  of  the  kidney ; 
the  double  effect  is  always  seen.  When  repeated  doses  of  caffeine  are 
administered,  persistent  constriction  of  the  kidney  vessels  follows,  and  the 
flow  of  urine  may  be  arrested  and  actual  suppression  produced.  One  of 
the  most  striking  phenomena  in  the  action  of  caffeine  on  the  kidney  is 
the  remarkable  and  copious  diuresis  produced  by  the  first  dose,  and  the 
rapidity  with  which  subsequent  doses  produce  an  opposite  effect. 

Caffeine  not  only  produces  a  diuretic  effect  on  the  kidney  in  the  body, 
but  if  the  fresh  kidney  be  excised  and  an  artificial  circulation  of  defibrinated 
blood  sent  through  it,  Munk  showed  that  a  certain  amount  of  fluid  is 
secreted  by  the  kidney  and  flows  down  the  ureter,  and  the  addition  of 
caffeine  to  the  circulating  fluid  will  materially  increase  both  the  amount 
of  fluid  and  the  proportion  of  salts  present.  Caffeine  produces  a  diuretic 
effect  not  only  by  causing  considerable  dilatation  of  the  kidney  vessels,  but 
also  by  a  direct  effect  on  the  epithelial  structures  of  the  organ.  The 
well-marked  vascular  dilatation  seen  in  the  kidney  under  its  influence  is 
not,  however,  an  indirect  effect  depending  on  an  increase  in  the  activity 
of  the  renal  epithelium ;  it  is  a  direct  effect  produced  on  the  blood  vessels, 
inasmuch  as  it  is  equally  well  seen  in  other  organs,  as  for  instance  the 
spleen. 

Nervous  system. — The  action  of  caffeine  on  the  vascular  system  is 
widespread,  but  it  is  probable  that  the  cerebral  circulation  is  affected 
indirectly  by  the  changes  produced  in  the  general  circulation.  Any 
substance  which  causes  general  arterial  constriction  will  tend  to  produce 
imssively  dilatation  of  the  cerebral  vessels,  and  conversely  substances  pro- 
ducing dilatation  of  the  vessels  of  the  body  generally  will  be  liable  to 
cause  cerebral  constriction.  This  apparently  anomalous  result  is  due  to 
the  fact  that  the  cerebral  vessels  are  not  directly  under  the  control  of  the 
vasomotor  centre  to  the  same  extent  as  is  the  case  with  such  vessels  as 
those  of  the  abdomen,  and  hence  the  state  of  the  vessels  of  the  brain  is 
10 
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dependent  upon  that  of  the  vessels  of  the  body  at  large.  It  has  been  seen 
above  that  the  effect  of  large,  and  especially  of  repeated  doses  of  caffeine  is 
to  cause  persistent  arterial  constriction,  the  dilating  effect  being  seen 
only  with  small  and  initial  doses ;  hence  it  is  probable  that  dilatation  of 
the  cerebral  vessels  accompanies  the  general  arterial  constriction  produced 
by  the  drug. 

Caffeine  has  a  marked  stimulant  action  on  the  activity  of  nerve  centres, 
and  this  is  especially  well  seen  experimentally  in  the  increase  in  the 
amplitude  of  the  respiratory  movements  ;  this  effect,  however,  is  transitory. 
In  man,  caffeine  unquestionably  stimulates  the  higher  cerebral  centres, 
producing  increased  activity  of  the  mental  functions,  and  causing  drowsi- 
ness to  disappear  and  relieving  fatigue.  The  capacity  for  physical  exertion 
is  also  considerably  increased,  not  only  by  caffeine  and  coffee,  but  also  by 
tea,  cocoa,  kola,  etc.  Various  primitive  races  have  long  been  in  the  habit 
of  taking  one  or  other  of  these  substances,  especially  when  prolonged 
physical  exertion  is  demanded.  Tea  and  coffee  are  especially  apt  to  pro- 
duce sleeplessness  in  certain  individuals.  This  may  be  dependent  on  the 
result  of  the  stimulation  of  the  nervous  centres,  but  the  effect  is  probably 
partly  an  indirect  one  produced  on  the  cerebral  circulation ;  that  is  to  say, 
it  is  due  to  dilatation  of  the  cerebral  vessels  caused  by  the  constriction 
of  the  vessels  of  the  body  generally. 

Temperature. — Large  doses  of  caffeine  cause  an  increase  in  the  tem- 
perature of  the  body,  the  temperature  rising,  even  with  doses  not  sufficient 
to  cause  convulsions,  to  the  extent  of  0°-5  C.  Doses  sufficiently  large  to 
cause  stiffness  of  the  muscles  may  cause  a  rise  of  temperature  of  as  much 
as  l"-5  C. 

Excretion. — Caffeine  is  excreted  in  the  urine  in  small  quantities  as 
such,  but  a  considerable  amount  of  it  is  apparently  decomposed  with  the 
formation  of  xanthin,  and,  according  to  some  authorities,  this  is  further 
broken  up  into  urea,  so  that  the  increased  excretion  of  urea  seen  after  the 
administration  of  caffeine  is  in  part  dependent  on  the  decomposition  of 
the  caffeine  into  urea. 

The  effects  of  black  coffee  are  not  only  dependent  on  caffeine,  but 
also  on  the  presence  of  a  pyrol  derivative  which  is  probably  formed  in 
the  "  roasting,"  inasmuch  as  the  bean  contains  a  considerable  quantity 
of  volatile  oil.  It  is  owing  to  these  volatile  oils  that  coffee  is  able 
to  increase  the  peristaltic  movements  of  the  intestine,  and  its  common 
use  after  meals  with  beneficial  results  is  probably  associated  with  this 
action.  Tea,  on  the  other  hand,  owing  to  the  tannin  that  it  may  contain, 
is  liable  to  cause  dyspepsia  and  gastritis. 

Theobromin,  though  possessing  a  similar  action  to  that  of  caffeine, 
produces  less  effect  on  the  nervous  system,  but  has  a  greater  diuretic 
effect. 

Toxicology. — In  very  large  doses,  caffeine  causes  certain  toxic  symp- 
toms in  the  human  subject,  more  especially  restlessness,  tremor,  palpitation, 
with  a  good  deal  of  praecordial  distress.  These  effects,  however,  are  transit- 
ory ;  they  may  be  seen  in  those  who  have  taken  excessive  quantities  of 
coffee.  If  very  large  quantities  are  taken,  the  restlessness  becomes  extreme, 
and,  in  addition  to  the  tremor  of  the  limbs,  spasmodic  movements  resem- 
bling those  of  chorea  have  been  recorded,  and  the  cardiac  impulse  becomes 
exceedingly  forcible  and  heaving,  and  the  rhythm  rapid.  Diarrhoea  and 
vomiting  have  been  described  in  such  cases. 

Therapeutics. — Caffeine  is  largely  used  to  stimulate   the   central 
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nervous  system,  especially  in  cases  of  narcotic  poisoning,  and  more  especi- 
ally in  alcoholic  poisoning  and  opium  poisoning.  It  is  especially  useful  in 
the  treatment  of  both  of  these  conditions,  owing  to  its  stimulant  action  on 
the  respiratory  centre ;  and  caffeine  or  strong  black  coffee  is  of  the  greatest 
service  in  treating  the  narcotism  produced  by  opium.  Its  use  as  a  general 
stimulant  of  the  nervous  system,  and  as  an  article  of  diet,  is  almost 
universal  both  amongst  civilised  and  uncivilised  races.  Owing  to  this  fact, 
it  is  not  often  used  for  this  purpose  medicinally ;  still  this  substance  may 
be  of  value  in  the  treatment  of  such  conditions  as  neurasthenia. 

Caffeine  is  also  used  empirically  for  the  relief  of  megrim,  and  in  some 
cases  it  is  of  considerable  value,  and  more  especially  in  those  where  megrim 
occurs  as  the  result  of  over-fatigue  in  persons  predisposed  to  it.  It,  how-1 
ever,  by  no  means  relieves  all  cases  of  megrim,  and  is  of  little  value  where  the 
headache  is  dependent  on  errors  of  refraction,  as  is  so  frequently  the  case. 

It  is  used  also  in  disorders  of  the  circulation,  more  especially  in 
mitral  disease ;  and  by  some  it  has  been  used  as  a  substitute  for  digitalis. 
Its  action,  however,  as  pointed  out  above,  is  quite  different  to  that  of 
digitalis,  although,  like  digitalis,  it  may  increase  to  a  certain  extent  the 
tonic  contraction  of  the  heart.  Although  its  action  on  the  heart  is 
different  to  that  of  digitalis,  yet,  owing  to  the  fact  that  it  increases  the 
constriction  of  the  arterioles,  it  causes,  like  digitalis,  an  increase  in  the 
general  blood  pressure,  and  in  this  way  produces  a  more  efficient  circula- 
tion. It  has  been  seen  above  that  in  one  stage  of  its  action  it  tends  to 
slow  the  heart  and  to  increase  the  force  of  the  beat.  Its  action,  however, 
differs  widely  from  that  of  digitalis,  in  the  fact  that  this  effect,  although 
rapidly  produced,  is  transitory  in  its  duration,  and  a  time  soon  comes 
when  an  atropine-like  action  is  produced  leading  to  cardiac  acceleration. 
The  rise  of  blood  pressure  seen  under  its  influence  is  dependent  more 
on  the  cardiac  acceleration  and  the  increased  peripheral  constriction  than 
on  any  digitalis-like  action.  Although  its  action  is  so  different  to  that  of 
digitalis,  it  may  be  of  some  use  in  certain  cardiac  cases  associated  with 
dropsy,  and  one  advantage  that  it  has  over  digitalis  lies  in  the  fact  that  it 
produces  its  effects  with  great  rapidity,  whereas  digitalis  is  a  slowly  acting 
substance.  Just  as  in  the  laboratory  the  typical  effects  of  caffeine  are  more 
readily  produced  by  the  initial  doses,  and  the  drug  soon  ceases  to  produce 
its  characteristic  effects  when  repeatedly  given,  so  clinically,  in  the  treat- 
ment of  cardiac  dropsy,  the  beneficial  effects  of  its  action  are  generally 
seen  after  the  first  doses,  and  the  drug  soon  fails  to  produce  good  results. 
Its  beneficial  effects  in  cases  of  mitral  disease  are  really  dependent  more 
on  its  action  in  relieving  the  dropsy,  owing  to  its  great  diuretic  effects  ;  but 
they  may  in  part  be  due,  as  just  mentioned,  to  the  increase  in  arterial 
blood  pressure. 

There  is  no  drug  in  the  pharmacopoeia  which  will  produce  such  marked 
diuretic  effects  as  caffeine  or  theobromin,  and  they  and  digitalis  are  the  most 
efficient  remedies  that  we  possess  for  the  relief  of  dropsy.  It  is  in  the 
treatment  of  cardiac  dropsy  that  caffeine  is  of  most  use.  Eenal  dropsy, 
and  the  dropsy  accompanying  such  maladies  as  cirrhosis  of  the  liver,  are 
not  influenced  to  the  same  extent.  This  is  especially  true  of  renal  dropsy, 
and  is  not  to  be  wondered  at,  since  in  renal  dropsy  the  epithelial  structures 
of  the  kidney  are  necessarily  extensively  diseased,  whereas  in  cardiac 
<lr»l>sy  the  kidneys  are  only  passively  congested.  Although  it  does  not 
relieve  renal  dropsy  as  it  does  cardiac,  it  may  be  useful  in  some  cases. 
Care  must  always  be  exercised  in  using  a  substance  which  has  such  a 
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specific  stimulating  action  on  the  kidneys,  when  it  is  remembered 
that  the  malady  is  one  producing  serious  structural  changes  in  these 
organs. 

In  the  treatment  of  cardiac  dropsy,  caffeine  is  often  prescribed  together 
with  digitalis,  on  empirical  grounds,  and  the  mixture  is  frequently  most 
etticient,  and  its  beneficial  effect  is  usually  explained  by  the  fact  that  the 
digitalis  greatly  increases  the  force  of  the  cardiac  beat,  and  the  caffeine  acts 
locally  on  the  kidneys.  It  cannot  be  denied  that  the  mixture  is  often 
most  etticient,  but  it  is  difficult  to  understand,  since  the  two  drugs  have 
more  or  less  diametrically  opposite  actions  on  the  kidney  vessels, — digitalis 
producing  persistent  constriction,  caffeine  a  temporary  constriction  followed 
by  dilatation ;  and  on  a  priori  grounds  it  is  probable,  inasmuch  as  digitalis 
is  a  slow  acting  cumulative  drug,  that  its  effects  would  preponderate  over 
those  produced  by  the  caffeine.  Caffeine  is  of  no  avail  in  the  treatment  of 
inflammatory  effusions,  and  indeed  such  conditions  cannot  be  expected  to 
be  relieved  by  diuretics. 

As  the  solubility  of  the  citrate  of  caffeine  is  variable,  caffeine  is  best  given 
as  such,  but  then  for  each  grain  of  caffeine  |  gr.  of  sodium  salicylate  must  be 
given  to  insure  the  solution  of  the  caffeine. 

UVA  URSI  FOLIA. 
(B.P.  AND  U.S.P.) 

The  active  principles  of  Uva  ursi  or  bearberry  leaves  are  the  glucosides, 
arbutin  and  methyl-arbutin,  together  with  a  neutral  insoluble  body,  urson. 
In  addition  to  these,  the  leaves  of  the  bearberry  contain  an  inert  glucoside, 
ericolin,  and  large  quantities  of  tannin.  The  glucosides,  arbutin  and 
methyl-arbutin,  on  decomposition  yield  hydrochinon  and  methyl-hydro- 
chinon. 

Uva  ursi  has  a  somewhat  similar  action  and  use  to  cubebs  and  buchu. 
After  its  administration  it  is  excreted  by  the  urine,  and  has  a  disinfectant 
or  slight  antiseptic  action  on  this  fluid,  so  that  the  urine  undergoes 
putrefaction  less  readily  than  normally.  In  addition  to  this,  arbutin 
has  a  slight  diuretic  action,  which  is  apparently  dependent  on  a  direct 
stimulant  action  of  the  drug  on  the  secreting  structures  of  the  kidney. 
This  diuretic  action,  however,  is  slight,  and  is  not  comparable  in  any 
respect  to  that  produced  by  caffeine,  and  in  fact  it  is  not  greater 
than  that  produced  by  many  other  substances  which  are  excreted  by 
the  kidneys.  The  disinfecting  action  of  uva  ursi  on  the  urine  is  pro- 
bably dependent  on  the  arbutin,  and  not  necessarily  on  the  formation  of  • 
hydrochinon. 

After  the  continued  administration  of  uva  ursi,  the  urine  is  dark  in 
colour,  and  this  deepening  of  the  tint  is  increased  on  standing  or  after 
putrefaction.  This  dark  coloration  is  dependent  on  the  formation  of  hydro- 
chinon, and  is  similar  to  that  seen  in  cases  of  carboluria.  It  has  been 
suggested  that  the  conversion  of  arbutin  into  hydrochinon  occurs  in  the 
intestinal  tract.  Large  quantities  of  uva  ursi  cause  a  certain  amount 
of  intestinal  irritation,  such  as  nausea,  vomiting,  and  diarrhoea. 

The  main  use  of  the  drug  is  in  the  treatment  of  cases  of  pyelitis  and 
cystitis,  in  which  its  slight  antiseptic  and  diuretic  action  are  of  value.  It 
is  best  given  as  the  Infusum  Uvte  Ursi  (B.P.),  or  the  Extractum  Uva:  Ursi 
Fluidum  (U.S.P.). 
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SCOPARII  CACUMINA — SCOPARIUS. 

(B.P.)  (U.S.  P.) 

The  active  principles  of  the  tops  of  broom,  Cytisus  scoparius,  are  scoparin 
aud  sparteine, — the  former  a  yellow  crystalline  neutral  body,  the  latter  a 
liquid  alkaloid. 

There  is  considerable  discrepancy  as  regards  the  pharmacology  and 
therapeutics  of  broom,  though  it  is  usually  looked  upon  as  a  diuretic.  Its 
action,  however,  as  a  diuretic  is  feeble.  Sparteine,  an  alkaloid,  has  an 
action  somewhat  similar  to  that  of  coniine,  which  it  also  resembles  in 
appearance,  and  both  these  substances  produce  a  curare-like  effect  on  the 
nerve  terminations.  Sparteine,  however,  has  a  greater  effect  on  the 
circulation  than  coniine,  and  its  action  on  the  heart  and  blood  vessels 
resembles  to  a  slight  extent  that  produced  by  digitalin,  in  that  sparteine 
produces  a  slowing  of  the  cardiac  rhythm  and  constriction  of  the 
peripheral  arterioles.  The  rise  of  pressure,  however,  produced  by  it  is 
insignificant  compared  with  that  seen  with  digitalis,  mainly  owing  to  the 
fact  that  sparteine  does  not  increase  the  force  of  the  heart-beat ;  on  the 
contrary,  it  produces,  along  with  the  slowing,  a  weakening  of  the  heart 
contractions. 

The  slight  diuretic  action  of  broom  tops  is  probably  dependent  on  the 
action  of  scoparin,  which  produces  effects  somewhat  similar  to  those  seen 
with  uva  ursi.  When  it  is  desired  to  prescribe  the  substance  as  a  diuretic, 
it  is  customary  to  give  it  in  the  form  of  the  infusion  (B.P.)  or  the  fluid 
extract  (U.S.P.),  rather  than  by  prescribing  either  of  the  active  principles, 
as  neither  scoparin  nor  sparteine  have  proved  themselves  of  much  value 
therapeutically.  Some  use  the  Succus  Scoparii  (B.P.). 

TKITICUM. 

(U.S.  P.) 

The  rhizome  of  triticum,  or  the  couch  grass,  Agropyrum  repens,  is  reputed 
to  contain  a  diuretic  principle,  but  its  diuretic  action  is  very  feeble.  It  is 
chiefly  used  as  a  decoction  in  cases  of  irritable  bladder  or  cystitis.  There 
is  a  fluid  extract  (U.S.P.),  of  which  a  drachm  may  be  given  every  few  hours. 

ZEA. 

•  (U.S.  P.) 

An  infusion  made  from  the  styles  and  stigmas  of  Zea  mays,  Indian  corn, 
is  said  to  be  diuretic ;  it  is  also  used  in  various  conditions  of  irritable 
bladder.  It  is  usually  given  ad  libitum.  There  is  a  fluid  extract  (U.S.P.). 
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CANTHAEIDES. 

(B.P.    AND   U.S. P.) 

Composition. — The  active  principle  of  cantharides,  officially  called 
cantharis,  the  Spanish  fly  is  cantharidin ;  in  addition,  a  greenish  volatile 
oil  and  certain  fatty  bodies  are  present  in  the  dried  beetle. 

Cantharidin,  the  anhydride  of  an  acid,  can  be  obtained  in  the  form  of 
shining  colourless  crystals,  and  the  blistering  action  of  cantharides  is 
dependent  on  the  action  of  this  body.  It  is  soluble  in  oils  and  fatty 
bodies  generally,  as  well  as  in  ether,  chloroform,  and  alcohol. 

There  are  in  the  British  Pharmacopoeia  many  preparations :  the  liquor, 
the  collodion,  and  the  emplastrum  are  strongest  (about  1  in  2)  ;  the  acetum 
and  unguentum  (each  1  in  10)  are  strong,  and  the  tincture  is  weak  (rather 
over  1  per  cent.);  in  the  U.S.P.  the  collodion  is  strong  (60  per  cent.), 
the  ceratum  is  half  this  strength,  and  the  tincture  is  5  per  cent. 

Pharmacology.  —  Cantharidin  is  a  powerful  irritant,  both  when 
applied  externally  and  when  administered  internally. 

External. — When  applied  to  the  skin,  it  produces  redness  and  pain, 
followed  by  the  production  of  small  vesicles,  which  subsequently  coalesce 
to  form  a  blister.  The  blistering  effect  of  cantharides  when  applied  as  a 
plaister  is  slowly  produced,  and  therefore  its  action  is  not  usually  as 
painful  as  that  caused  by  mustard ;  at  the  same  time  the  final  effect  is 
considerably  greater  in  the  case  of  cantharides  than  in  the  case  of  mustard. 

Internal. — Gastro-intestinal  tract. — When  taken  internally,  the  same 
irritant  effects  are  produced  in  the  stomach  and  in  the  alimentary  canal, 
and  even  in  the  mouth  and  throat.  The  effects  produced  on  the  stomach, 
which  may  amount  to  ulceration,  cause  vomiting  and  severe  pain  in  the 
abdomen,  and  poisonous  doses  produce,  in  addition,  great  collapse.  Can- 
tharidin is  absorbed  from  the  alimentary  canal,  and  produces  effects,  in 
being  excreted  from  the  kidneys,  analogous  to  those  seen  in  the  skin  and 
mucous  membranes.  Ulceration  of  the  stomach  and  of  the  alimentary 
canal  have  not  only  been  found  in  fatal  cases  of  poisoning  when  the 
cantharides  has  been  administered  by  the  mouth,  but  these  lesions  have  also 
been  present  when  the  substance  has  been  administered  hypodermically.  It 
is  possible  that  under  these  circumstances  the  drug  is  excreted  in  part  by 
the  stomach,  and  that  these  lesions  are  produced  at  the  time  of  its  excretion, 
in  a  similar  manner  and  with  similar  results  to  those  seen  under  the  same 
conditions  with  tartar  emetic. 

Urino-genital  organs. — When  small  doses  have  been  taken,  it  causes 
irritant  effects  on  the  bladder,  such  as  extreme  congestion,  causing  frequent 
and  painful  micturition ;  in  large  quantities  it  sets  up  an  acute  parenchy- 
matous  nephritis,  with  hsematuria  and  suppression  of  urine.  In  addition  to 
this,  it  may  cause  cystitis  and  urethritis.  It  also  produces  vascular  engorge- 
ment of  portions  of  the  genital  tract,  causing  in  this  way  priapism,  and 
it  is  reputed  to  have  an  aphrodisiac  action ;  this,  however,  is  probably 
dependent  solely  on  the  irritant  effects  it  produces  on  the  lower  genito- 
urinary tract.  The  erections,  however,  are  painful,  resembling  the 
condition  known  as  chordee.  The  erections  may  be  accompanied  by  con- 
gestion and  oedema  of  the  penis.  In  some  cases  cantharidin  has  apparently 
caused  abortion  ;  and  it  is  asserted  that  it  also  produces  congestion  of  the 
uterus,  and  so  brings  on  menstruation.  In  cases  where  toxic  doses  have 
been  administered,  dyspnoea  and  great  frequency  of  the  pulse  are  produced, 
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md  finally  convulsions  and  coma.  It  is  probable  that  these  fatal  effects 
are  really  dependent  on  the  substance  suppressing  the  urinary  functions, 
owing  to  the  violent  nephritis  produced  by  its  action. 

Cantharides  in  small  doses  had  at  one  time  some  repute  as  a  diuretic, 
but  its  action  in  this  respect  is  really  insignificant,  and  the  substance  is 
much  too  dangerous  to  use  for  producing  these  effects.  Its  diuretic  action 
was  attributed  to  the  action  of  small  doses  stimulating  the  renal  structures, 
and  also  to  the  congestion  of  the  kidney  vessels. 

Therapeutics. — The  principal  use  of  cantharides  is  ;is  an  external 
ipplication  for  the  purpose  of  producing  counter-irritation.  In  addition  to 
this,  it  is  a  constituent  of  many  hair-washes,  as  its  stimulant  action  on 
the  skin  is  said  to  cause  a  rapid  growth  of  hair. 

Cantharides  is  more  especially  used  for  the  purpose  of  counter-irritation 

rhen  it  is  desired  to  produce  vesication,  but  it  may  be  equally  well  used  to 
aroduce  a  milder  effect,  its  action  being  then  limited  to  causing  simple  red- 
less  of  the  skin.  Cantharides  as  a  counter-irritant  may  be  used  for  the 
relief  of  pain,  not  only  in  affections  of  superficial  parts  of  the  body,  as  for 

istance  blistering  round  an  inflamed  joint,  but  also  in  cases  where  pain  is 
lependent  on  deep-seated  inflammation  of  the  viscera.  Thus  a  blister 

lay  relieve  the  referred  pain  that  is  experienced  in  affections  of  the  lung, 
the  stomach,  the  eye,  etc.  It  may  also  be  used  to  relieve  certain  symptoms 
produced  by  visceral  disease ;  the  application  of  a  blister  to  those  areas 
}f  the  skin  which  become  tender  in  visceral  disease  frequently  relieves 
symptoms  produced  by  the  visceral  disease.  For  instance,  the  application 
)f  mild  counter-irritation  to  the  epigastrium  may  relieve  the  vomiting 

ssociated  with  certain  diseases  of  the  stomach.  Similarly,  counter- 
irritation  over  certain  areas  of  the  chest  may  relieve  the  cough  of 
pulmonary  disease.  Counter  -  irritation  may  be  used,  not  only  for  the 
relief  of  pain  or  for  the  relief  of  the  symptoms  of  visceral  disease,  but  is 
held  by  many  authorities  to  check  the  progress  of  deep-seated  inflamma- 
tion. Although  its  use  for  this  purpose  is  nothing  like  so  frequent  as  it 
formerly  was,  counter-irritation  with  cantharides  is  still  often  employed 
in  the  treatment  of  pericarditis  and  other  inflammatory  affections. 

Counter-irritation  in  the  form  of  flying  blisters,  for  which  purpose 
cantharides  is  most  useful,  may  also  be  used  as  a  general  stimulant  in 
cases  in  which  the  activity  of  the  nervous  system  requires  to  be  roused, 
as  for  instance  in  narcotic  poisoning ;  and  formerly  it  was  largely  used 
in  the  treatment  of  the  nervous  depression  and  failure  that  is  apt  to  ensue 
in  typhoid  and  other  fevers.  One  of  the  great  uses  of  cantharides  as  a 
counter-irritant  is,  that  the  action  of  the  substance  can  be  carefully 
graduated  to  produce  either  a  simple  rubefacient  effect  or  else  actual 
vesication.  Where  it  is  desired  simply  to  relieve  pain  or  other  symptoms 
of  visceral  disease,  or  to  produce  a  general  stimulant  action  on  the 
organism,  it  is  sufficient  to  cause  only  a  rubefacient  action,  and  the 
cantharides  should  not  be  allowed  to  remain  in  contact  with  the  skin  for 
longer  than  twenty  minutes,  so  as  to  produce  only  redness.  If  actual 
blistering  is  produced,  and  especially  if  large  blisters  are  allowed  to  form, 
much  the  same  effects  are  produced  on  the  patient  as  by  bleeding ;  the 
removal  of  the  serum  in  the  blister  being  practically  equivalent  to  a 
haemorrhage  of  corresponding  amount,  and  this  is  very  rarely  desirable. 
In  all  cases  it  is  probably  advisable  not  to  open  the  blisters,  but  to  cover 
them  with  antiseptic  wool,  and  in  this  way  ulceration  and  inflammatory 
complications  are  avoided. 
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Cantharides  is  liable  to  be  absorbed  from  the  skin  when  used  for 
producing  counter-irritation,  and  in  this  way  toxic  symptoms  may  be 
produced ;  hence  cantharides  is  never  used  as  a  counter-irritant  in  cases 
of  renal  disease  and  of  albuminuria,  as  absorption  of  the  substance  may 
not  only  cause  severe  nephritis  in  the  already  damaged  kidney,  but  on 
several  occasions  unemic  symptoms  have  been  produced  by  the  application 
of  a  blister  to  a  patient  suffering  from  even  slight  renal  disease.  Canthar- 
ides should  never  be  used  for  old  or  debilitated  people. 

Cantharides  is  one  of  the  substances  used  for  the  purpose  of  procuring 
abortion  with  criminal  intent,  and  it  is  in  cases  of  this  kind  that  toxic 
symptoms  are  most  likely  to  be  produced. 
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JABORANDI—PILOCARPUS. 

(B.P.)  (U.S.P.) 

IN  both  British  and  United  States  Pharmacopoeias  the  leaflets  of  Pilo- 
carpus  jaborandi  are  official,  under  the  respective  names  of  jaborandi  and 
pilocarpus,  which  last  also  includes  the  leaflets  of  P.  selloanus.  In  this 
article  the  word  jaborandi  will  be  used,  as  it  is  more  generally  employed 
than  pilocarpus.  There  is  an  official  fluid  extract  (B.P.  and  U.S.P.)  and 
a  tincture  (B.P.).  Jaborandi  contains  the  alkaloid  pilocarpine,  a  pyridine 
derivative,  some  jaborine,  together  with  decomposition  products  of  pilo- 
carpine and  jaborine.  The  main  interest  of  jaborine  lies  in  the  fact  that 
its  action  is  antagonistic  to  that  of  pilocarpine,  and  resembles  that 
of  atropine.  For  this  reason  preparations  of  jaborandi  are  rarely  pre- 
scribed ;  pilocarpine  itself  is  commonly  employed.  Pilocarpine  nitrate 
(B.P.)  and  hydrochlorate  (U.S.P.)  are  official.  Both  these  are  usually 
given  subcutaneously,  in  doses  of  TV  to  £  gr. 

Pharmacology. — Pilocarpine  resembles  muscarine  in  its  action, 
although  it  is  not  so  toxic.  The  principal  effect  of  pilocarpine  is  to 
stimulate  nerve-endings  in  the  heart,  involuntary  muscle,  and  secreting 
glands,  and  it  is  especially  remarkable  for  its  action  on  the  last.  Pilocarpine 
has  in  these  respects  an  opposite  and  antagonistic  action  to  that  of  atropine. 

Secretions. — The  most  striking  result  seen  after  the  administration 
of  pilocarpine  is  the  greatly  increased  activity  of  the  sweat,  salivary, 
and  lachrymal  glands.  The  action  of  pilocarpine  in  stimulating  these 
secretions  is  a  direct  action  on  the  nerve-endings  and  cell  structures  of 
the  glands.  The  great  increase  in  the  salivary  secretion  brought  about 
by  pilocarpine  is  seen  not  only  after  section  of  the  chorda  tympani  and 
sympathetic  nerves,  but  also  after  a  sufficient  period  has  elapsed  since 
the  section  for  the  nerve  trunks  to  have  undergone  degeneration ;  in 
other  words,  pilocarpine  increases  not  only  the  normal  secretion  of  the 
salivary  glands,  but  also  the  paralytic  secretion,  and  there  is  no  doubt 
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that  the  drug  acts  on  the  nerve  terminations  in  the  gland.  In  this  way 
its  action  differs  from  that  of  nicotine,  which  also  causes  an  increase  in 
the  salivary  secretion,  but  this  effect  of  nicotine  is  brought  about  by  an 
action  on  the  ganglion  cells,  which  are  found  along  the  course  of  the 
nerves  distributed  to  the  gland.  Pilocarpine  similarly  causes  a  secretion 
of  sweat  from  the  pads  of  the  cat's  foot,  after  section  of  the  sciatic 
nerve. 

The  secretion  that  is  evoked  by  pilocarpine  in  the  salivary  and  sweat 
glands  is  readily  arrested  by  atropine,  and  a  very  small  dose  of  atropine 
is  sufficient  for  the  purpose.  On  the  other  hand,  it  is  exceedingly  difficult 
to  neutralise  the  effects  of  atropine  by  pilocarpine,  but  if  a  very  small 
dose  of  atropine  be  given  it  is  possible  to  subsequently  evoke  a  secretion 
of  saliva  by  very  large  doses  of  pilocarpine.  The  antagonism,  therefore, 
of  atropine  to  pilocarpine  is  very  much  more  marked  than  that  of 
pilocarpine  to  atropine.  The  antagonism  between  the  action  of  the  two 
drugs  is  not  confined  to  their  action  on  the  salivary  secretion,  but  is  also 
well  marked  in  the  case  of  the  heart,  and  there  also  it  is  much  more  easy 
to  neutralise  the  effects  of  pilocarpine  by  atropine  than  to  neutralise  those 
of  atropine  by  pilocarpine. 

Pilocarpine  not  only  increases  the  secretions  of  the  salivary,  lachrymal, 
and  sweat  glands,  but  also  those  of  many  other  glands  ;  and  it  is  especially 
important  that  it  stimulates  the  activity  of  the  mucous  glands  found  in 
the  respiratory  passages.  The  copious  secretion  of  mucus  into  the  trachea 
and  bronchi,  produced  by  pilocarpine,  may  sometimes  produce  serious,  if 
not  dangerous,  symptoms.  Pilocarpine  also  increases  the  secretion  from 
the  gastric  and  pancreatic  glands,  and  perhaps  that  of  the  intestinal  glands, 
and  it  is  said  to  increase  the  secretion  of  the  ceruminous  glands  of  the 
meatus.  On  the  other  hand,  the  bile  and  the  urinary  secretion  are  not 
increased,  and  the  latter  may  be  considerably  diminished  indirectly,  owing 
to  the  copious  sweating  that  is  produced.  The  secretion  of  milk  is  said 
not  to  be  increased.  The  increased  activity  in  the  sweat  and  salivary 
glands  is  accompanied  by  the  well-known  vascular  dilatation  that  is  seen 
to  occur  when  their  secretion  is  evoked  by  nerve  stimulation. 

Heart. — Pilocarpine  produces  slowing  of  the  heart  both  in  the  frog  and 
in  the  mammal.  In  the  case  of  the  former  the  length  of  the  diastole  is 
greatly  increased,  and  the  heart  soon  undergoes  arrest.  This  effect  of 
pilocarpine  on  the  heart  of  the  frog  is  removed  at  once  on  the  application 
of  atropine,  and  would  seem  to  be  due  to  stimulation  of  the  inhibitory 
mechanism  present. 

In  the  mammal  the  administration  of  pilocarpine  produces  also  great 
slowing  of  the  cardiac  rhythm,  both  when  the  vagi  are  intact  and  when 
they  are  divided,  and  the  slowing  is  so  great  as  to  produce  a  considerable 
fall  of  blood  pressure.  The  administration  of  atropine  completely  neutral- 
ises these  effects,  the  heart  immediately  regaining  its  former  rhythm  or 
even  becoming  more  rapid.  If  very  small  doses  of  atropine  are  used,  a 
further  slowing  can  be  produced  by  the  subsequent  administration  of 
pilocarpine.  In  the  human  subject  large  doses  of  pilocarpine  have  been 
found  to  produce  acceleration  and  great  palpitation,  and  there  is  no 
explanation  of  this  discrepancy  between  the  results  of  toxic  doses  in 
man  and  the  experimental  results  obtained  in  the  laboratory. 

Involuntary  muscle. — Pilocarpine  causes  considerable  increase  in  the 
peristaltic  movements  of  the  stomach  and  intestines ;  and  the  involuntary 
muscular  tissue  of  the  bladder,  of  the  uterus,  and  of  the  spleen  (in  those 
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animals  where  the  spleen  contains  muscle)  is  also  stimulated  by  the  drug. 
This  action  of  the  drug  is  dependent  on  an  effect  produced  by  stimulation 
of  the  nerve-endings,  and  not  by  a  direct  action  on  the  muscular  tissue ; 
the  action  of  pilocarpine,  in  producing  peristalsis,  can  be  prevented  by 
the  previous  administration  of  atropine.  The  iris  and  ciliary  muscle  also 
become  contracted  under  the  influence  of  pilocarpine,  and  the  effect  on  the 
iris  is  far  greater  when  the  alkaloid  is  applied  locally  to  the  eye  than  after 
its  administration  internally.  The  antagonism  between  pilocarpine  and 
atropine  in  the  effects  they  produce  on  secreting  glands  and  on  the  heart, 
is  also  found  in  the  action  of  these  two  substances  on  involuntary  muscular 
tissue.  In  the  case  of  the  pupil  a  very  small  quantity  of  atropine  is 
required  to  remove  the  effect  of  pilocarpine,  but  large  quantities  of 
pilocarpine  have  to  be  used  to  overcome  the  effects  of  atropine. 

Respiration — The  respiration  seems  to  be  only  affected  indirectly  by 
pilocarpine.  After  large  doses  the  respiration  is  slowed,  dyspnoea  is 
produced,  and  even  asphyxial  convulsions,  but  it  is  probable  that  these 
are  dependent  in  part  on  the  action  of  the  drug  on  the  heart  and  on  its 
effects  in  causing  a  copious  secretion  of  bronchial  mucus. 

Toxicology. — The  toxic  effects  of  pilocarpine  in  the  human  subject 
are  nausea,  vomiting,  severe  griping  pain  in  the  abdomen,  profuse  watery 
diarrhoea ;  in  addition  to  these,  grave  discomfort  is  produced  by  the  copious 
salivation,  lachrymation,  and  sweating,  which  indeed  may  be  seen  with 
medicinal  doses. 

Therapeutics. — Pilocarpine  is  the  most  powerful  diaphoretic  that 
we  possess.  It  is  therefore  especially  used  in  conditions  in  which  the 
activity  of  the  sweat  glands  is  diminished,  and  more  especially  in  cases  of 
renal  disease,  in  which,  in  addition  to  the  diminution  in  the  activity  of  the 
skin,  the  elimination  of  toxic  substances  from  the  blood  by  the  kidney 
is  considerably  diminished. 

In  renal  disease  it  is  used  mainly  in  two  sets  of  conditions — first,  for 
the  relief  of  dropsy,  in  cases  where  the  disease  of  the  kidney  causes  the 
secretion  of  a  very  scanty  urine ;  and,  secondly,  it  is  frequently  employed 
in  renal  disease  in  uraemia,  and  more  especially  in  cases  of  chronic  or 
subacute  uraemia,  where  twitchings  mark  the  onset  of  the  uraemia.  In 
acute  or  fulminating  uraemia  it  is  not  of  much  value.  Pilocarpine  is 
usually  combined  with  other  means  of  promoting  the  activity  of  the 
skin,  such  as  hot  air  baths.  The  copious  sweating  that  is  produced  by 
pilocarpine  is  accompanied  and  followed  by  a  good  deal  of  depression,  and 
occasionally,  and  more  especially  in  the  harsh  dry  skin  of  renal  disease, 
the  drug  fails  to  produce  diaphoresis,  unless  given  in  large  doses. 

It  is  occasionally  used  to  produce  sweating  in  the  treatment  of  fevers, 
but  it  is  more  advisable  to  procure  the  efficient  action  of  the  skin  by 
simpler  measures,  such  as  Dover's  powder,  hot  baths,  or  even  the  cold  pack, 
as  the  full  effect  of  pilocarpine  on  the  skin  can  rarely,  if  ever,  be  obtained 
without  the  production  of  considerable  depression.  It  is  said  to  promote 
the  growth  of  the  hair. 

It  is  also  occasionally  used  in  ophthalmic  medicine  for  producing 
contraction  of  the  pupil.  It  has  also  been  used  in  the  treatment  of 
various  diseases  of  the  ear,  but  the  nature  of  its  action  is  quite  unknown 
and  its  benefit  is  questionable. 

Pilocarpine  may  be  used  for  diagnostic  purposes  in  certain  cases  of 
disease  of  the  spinal  cord,  more  especially  in  transverse  lesions.  The 
portions  of  the  periphery  still  remaining  in  connection  with  the  central 
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lervous  system  will  respond  to  the  drug,  and  sweating  will  occur  most 
readily  in  that  portion  of  the  skin  which  is  still  in  connection  with  the 
grey  matter  of  the  spinal  cord,  inasmuch  as  the  sweat  nerves  are  derived 
from  this  grey  matter.  In  this  way  the  level  of  an  injury  or  disease  of 
the  spinal  cord  may  sometimes  be  accurately  determined  by  the  area  of 
sweating,  and  useful  and  corroborative  information  obtained.  It  would 
seem  from  this  action  of  pilocarpine  that  the  full  effect  of  the  drug  on  the 
nerve-endings  in  the  sweat  glands  is  not  produced  unless  these  are  in 
functional  union  with  the  nerve  centres  controlling  them. 
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ACONITI  EADIX— ACONITUM. 

(B.P.).  (U.S.P.). 

SEVERAL  members  of  the  aconite  or  monk's-hood  group  of  the  Ranun- 
culacece  have  such  a  close  resemblance  in  their  toxic  properties  as  to 
suggest  the  presence  of  identical,  or  nearly  related,  active  principles.  The 
latter  conclusion  is  nearer  the  truth,  for  different  species,  such  as  the  A. 
pyrenaicum,  A.  anthora,  and  A.  napellus,  seem  to  yield  principles  better 
described  as  analogous  than  identical  in  their  action  (Laborde). 
Quantitatively,  the  main  active  principle  of  A.  ferox  is  much  stronger 
than  that  of  A.  napellus. 

The  root,  leaves,  flowers,  and  seeds  of  these  plants  contain  the  toxic 
matter,  but  by  no  means  in  equal  proportion.  Thus  the  roots  of  A. 
napellus,  from  different  countries,  have  been  estimated  as  yielding  from 
0-2  to  1'25,  and  the  leaves  '12  per  cent.  (Husemann),  whilst  the  seeds  are 
stated  to  contain  a  larger  proportion  than  either  (Bochefontaine).  Further, 
the  yield  of  alkaloid  from  plants,  analysed  at  an  identical  phase  of  growth, 
may  vary  with  their  geographical  source.  Thus  the  roots  of  Swiss  monk's- 
hood  have  been  regarded  as  more  active  than  those  from  the  Vosges 
(Laborde).  The  A.  napellus  is  recognised  by  the  B.P.  and  U.S.P.  as  the 
plant  from  which  preparations  are  to  be  made,  and  the  main  alkaloid 
extracted,  and  in  both  the  root  is  the  only  official  part  of  the  plant.  The 
alkaloid  aconitine  is  official  in  the  B.P. 

The  short  conical  root  of  the  A.  napelhis,  collected  in  the  autumn 
from  cultivated  British  plants  and  dried,  is  5-10  cms.  long,  by  12-18  mm. 
broad  at  its  upper  extremity ;  it  is  dark  brown  in  colour,  and  marked 
with  the  scars  and  bases  of  broken  rootlets.  The  fracture  is  short,  white 
and  starchy  within,  a  section  showing  a  thick  parenchymatous  coating 
with  central  stellate  pith  having  about  seven  projecting  angles  (B.P.,  1898). 
The  persistent  sensation  of  tingling  and  numbness  which  the  root  when 
chewed  speedily  excites  in  the  mouth,  is  an  important  means  of  identifica- 
tion, especially  when  only  fragments  are  available  for  recognition. 
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ALKALOIDS  OF  ACONITE. 

Aconitine. — The  alkaloids  are  the  only  principles  hitherto  separated 
from  A.  napellus  which  have  important  pharmacological  properties,  and  the 
chief  of  these  has  home  the  name  of  aconitine  since  its  separation,  in  1833, 
by  Geiger  and  Hesse.  Whilst  these  authors  made  their  extraction  from 
the  leaves,  Hottot  and  Liegois  obtained  a  more  active  preparation  from 
the  roots  of  A.  7iapellus.  Their  process,  in  fact,  furnished  an  aconitine 
which  soon  came  to  occupy  a  leading  position  abroad,  and  especially  in 
Germany,  where  its  toxicity  readily  distinguished  it  from  the  impure 
aconitines  of  home  production.  The  aconitines  of  Petit  and  Duquesnel 
(the  latter  crystalline)  have  also  been  shown  to  possess  great  activity. 

There  is  some  doubt  as  to  the  constitution  of  aconitine,  but  the  formula 
given  by  Wright,  as  accepted  by  Dunstan  and  Carr,  represents  it  as 
CggH^NO^,  or,  regarding  it  as  acetyl-benzaconine,  as  C24H37(CH3CO) 
(C0H5CO)N010.  The  aconitine  with  which  this  formula  corresponds  is  a 
base  forming  colourless  hexagonal  prisms  of  the  rhombic  order,  melting 
at  188°-189°C,  very  sparingly  soluble  in  water,  but  readily  dissolving  in 
alcohol.  Its  alcoholic  solution  is  dextro-rotatory ;  even  a  very  dilute 
solution  produces  tingling  and  numbness  of  the  tongue  and  lips.  Acidified 
solutions  of  salts  of  aconitine  yield  a  crystalline  purple  precipitate  of 
aconitine  permanganate,  when  mixed  with  solutions  of  potassium  per- 
manganate (Dunstan  and  Carr).  Aconitines  from  sources  other  than 
the  A.  napellus  show  their  origin  by  a  prefix,  thus:  japaconitine  is  the 
derivative  of  A.  japonicum  ;  pseud-aconitine,  of  A.  ferox,  etc. 

Only  crystalline  aconitine  derived  from  the  A.  napellus  should  be  used 
therapeutically.  Irregularity  in  potency  of  aconitine  was  at  one  time  very 
great,  and  the  active  preparations  of  Hottot  and  Petit  and  of  Duquesnel 
(the  latter  crystalline),  described  as  French  aconitines,  were  equalled  or 
excelled  in  toxicity  by  Morson's  preparation,  whilst  far  after  them  all 
came  the  German  aconitines  (Plugge),  some  of  which  had  only  a  fractional 
activity  of  the  French  or  British.  Gubler  estimated  0'5  mgrm.  of  Hottot's 
aconitine  as  equal  to  10  mgrms.  of  the  alkaloid  of  German  origin;  and 
Plugge,  with  Huizmger,  found  a  French  sample  [Petit's]  160  times  as 
strong  as  Trommsdorff  s  preparation. 

Dunstan  and  Carr  found  in  their  analysis  of  amorphous  samples  of 
German  aconitine,  that  the  main  alkaloid  was  present  in  limited  proportion, 
sometimes  as  low  as  5  per  cent.,  whilst  benzaconine,  aconine,  and  other 
amorphous  bodies  were  largely  represented ;  and  they  further  found  very 
little  aconitine  in  certain  specimens  of  English  origin  which  were  labelled 
"  Aconitine  Pure."  Specimens  of  aconitine  so  impure  in  character  have 
been  on  the  market,  that  a  dose  requisite  to  destroy  a  rabbit  would  have 
sufficed,  if  a  pure  crystalline  preparation  had  been  used  in  similar  amount, 
to  cause  the  death  of  several  men.  Such  discrepancies  are  now  disappear- 
ing, and  Liebreich  assures  us  that  crystalline  aconitine  of  German  manu- 
facture is  now  as  good  as  any  other.  We  have  yet  to  learn,  certainly, 
whether  all  aconitines  prepared  in  crystalline  from  the  same  botanical 
source  are  to  be  regarded  as  identical  qualitatively  and  quantitatively  in 
action.  The  aconitines  derived  from  A.  japonicum,  A.  ferox  (Harnach 
and  Mennicke),  and  other  varieties  differ  in  potency,  and  must  on  no 
account  be  substituted  for  the  product  of  A.  napellus. 

Benzaconine. — Hubschmann  in  1857  separated  a  body  from  impure 
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aconitine,  to  which  the  name  of  napelline  was  given.  Dunstan  and  Carr 
have  shown  that  the  principal  component  of  this  body  is  an  alkaloid,  which 
is  obtainable  both  as  a  natural  constituent  of  A.  napellus  and  as  a  result 
of  partial  hydrolysis  of  aconitine,  and  to  this  the  name  of  benzaconine,  and 
the  formula  C24H38(C6H5CO)N010,  have  been  given.  This  body  is  amorphous 
and  sparingly  soluble  in  water.  Solutions  of  the  alkaloid  or  its  salts  are 
very  bitter,  but  do  not  produce  the  tingling  or  numbness  of  aconitine. 
On  hydrolysis,  benzaconine  furnishes  aconine  and  ben  zoic  acid. 

Aconine  (C24H.{!)NO10)  is  the  third  alkaloid  of  A.  napellus  (Dunstan 
and  Umney),  and  is  likewise  obtained  as  the  final  product  of  the  hydrolysis 
of  aconitine.  It  is  amorphous,  readily  soluble  in  water  and  alcohol, 
though  not  in  ether.  Its  solutions  are  sweet  in  taste,  alkaline  in  reaction, 
and  dextro-rotatory  like  aconitine  and  benzaconine ;  the  salts,  which  are 
crystalline,  are  luevo-rotatory,  as  are  those  of  the  other  alkaloids  with 
which  aconine  is  associated.  In  addition  to  the  alkaloids,  aconitic  acid 
occurs  in  the  A.  napellus  (Baup),  and  in  other  plants  which  are  widely 
separated  botanically.  It  is  not  toxic. 

Pharmacology. — The  action  of  aconite  is  due  chiefly  to  the  con- 
tained aconitine,  therefore  an  account  of  this  will  be  given  first. 

ACONITINE. 

Absorption  and  elimination. — As  far  as  can  be  ascertained,  no 
authentic  case  of  absorption  of  aconitine  from  the  sound  skin,  as  evidenced 
by  the  production  of  symptoms  in  remote  parts  of  the  body,  has  occurred  in 
man  ;  and  it  may  be  added,  if  such  absorption  were  probable,  few  would  be 
found  so  hardy  as  to  make  use  of  even  a  2  per  cent,  aconitine  unguent. 
Nevertheless,  the  tingling-and  numbness  which  follow  local  inunctions  show 
that  the  superficial  structures  of  the  skin  are  so  far  pervious  as  to  admit 
of  alkaloidal  penetration  to  sensory  nervous  structures.  Waller  states  that 
solutions  of  aconitine  in  chloroform  are  readily  absorbed  from  the  unbroken 
skin ;  but,  on  the  other  hand,  solutions  in  chloroform  are  often  employed  in 
medicine  without  harm.  From  all  mucous  surfaces  (except  it  be  that  of 
the  bladder)  and  from  the  subcutaneous  tissue,  absorption  is  accomplished 
freely  and  rapidly.  Elimination  of  aconitine  takes  place  mainly  by  the 
kidneys,  the  separation  proceeding  rapidly  in  mammals,  though  it  has  not 
been  finally  determined  when  the  process  is  completed.  The  urine  of 
Malcolm  John,  who  died  four  hours  after  receiving  a  large  dose  of  aconitine 
(possibly  pseud-aconitine),  was  found  by  Dupre  and  Stevenson  to  contain 
much  of  the  alkaloid.  Elimination  is  stated  by  Hottot  to  occur  in  the 
abundant  salivary  secretion,  but  other  observers  have  not  found  this 
secretion  of  aconitised  animals  toxic — a  statement  which  the  author  has 
had  opportunity  of  verifying. 

If  administered  hypodermically,  aconitine  appears  to  be  in  part 
separated  by  the  mucous  membrane  of  the  stomach,  probably  also  by  the 
liver  (Hottot)  and  the  intestinal  glands.  Mandelin  asserts  that  no  splitting 
up  of  the  alkaloid  occurs  within  the  tissues. 

Progs. — Injections  of  tincture  of  aconite  or  dilute  solutions  of  aconitine 
into  the  dorsal  sac  occasion  much  local  irritation,  which  finds  expression  in 
a  contorted  position  of  the  animal,  the  fore-arms  being  usually  flexed  over  the 
head,  and  the  legs  drawn  up  to  or  over  the  trunk, — reflexes  being  for  the 
time  inhibited.  Upon  this  phase  of  quiescence,  unless  the  dose  of  aconitine 
is  overwhelming,  violent  springing  movements  accompanied  by  much 
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frothing  on  the  body  and  limbs,  supervene.  These  extensions  of  the  legs, 
which  have  a  spasmodic  character,  are  continued  for  many  minutes ;  crawl- 
ing movements  may  also  be  executed.  There  is  an  uncertainty  of  retiex 
response  to  cutaneous  stimulation.  This  phase  of  excitement  is  succeeded 
by  quiescence,  only  occasionally  interrupted  by  movement ;  the  respiration 
is  intermittent,  the  sides  tending  to  collapse ;  the  head  is  arched  forwards, 
the  trunk  often  twisted — the  limbs  being  disposed  in  an  asymmetrical 
manner,  a  rare  occurrence  in  the  normal  animal.  Voluntary  movement 
frequently  outlasts  the  cutaneous  reflexes  (Liegois  and  Hottot,  Ringer  and 
Murrell),  but  the  conjunctival  reflex  is  late  in  disappearing.  The  action 
of  the  heart  may  be  seen  through  the  chest  wall  to  be  irregular  and  turbu- 
lent at  a  time  when  respiration  has  failed.  Overwhelming  doses  of 
aconitine  may  cause  so  powerful  an  inhibition,  and  so  speedy  a  paralysis  of 
movement,  that  one  condition  may  become  merged  in  the  other. 

Heart. — After  injection  into  the  dorsal  sac  of  the  decerebrated  frog  of 
O0025  mgrm.  aconitine,  the  exposed  heart,  whilst  undergoing  a  transitory 
slowing  of  four  to  six  beats  per  minute,  shows  an  acceleration  (commonly 
referred  to  stimulation  of  motor-ganglia  within  the  organ)  amounting  to  ten 
to  twelve  beats  per  minute  after  0*015  mgrm.,  whilst  the  most  character- 
istic effect  following  still  larger  doses  consists  in  asequence  of  ventricular 
action  upon  auricular  and  inco-ordinate  action  within  the  ventricular 
wall,  so  that  some  parts  contract  whilst  others  dilate,  a  churning  move- 
ment, futile  as  regards  effective  circulation,  being  induced.  This  may 
alternate  with  phases  of  regular  action.  Pouching,  or  local  protrusion  of 
the  heart  muscle  distended  with  blood,  is  also  highly  characteristic,  and 
may  persist  after  arrest  of  the  heart.  The  standstill  is  finally  produced 
in  diastole,  the  ventricle  being  engorged  with  venous  blood.  Inhibition 
of  the  cardiac  vagus  is  abolished  by  aconitine  some  time  before  that 
of  the  venous  sinus,  but  at  an  earlier  phase,  vagus  stimulation  during 
a  sequence  of  ventricles  upon  auricles  may  counteract  this  condition  for 
a  time. 

Reflex. — If  in  a  decerebrated  frog  one  leg  is  protected  from  the  action  of 
aconitine  by  the  application  of  a  vascular  ligature,  reflex  can  be  longer  elicited 
from  this  limb  than  from  that  exposed  to  the  poison.  Of  this,  alteration 
in  function  of  sensory  rather  than  of  motor  nerves  at  the  periphery  is  the 
cause,  for  the  muscle  is  readily  aroused  by  indirect  electrical  stimulation 
at  a  time  when  reflex  is  much  impaired.  The  same  fact  is  demonstrable 
on  applying  aconitine  solutions  or  ointments  to  one  foot  of  the  animal. 
Aconitine  appears  to  involve  the  medulla  more  readily  than  the  cord,  but 
the  depression  in  the  sensory  elements  of  the  latter  contributes  to  impair- 
ment, and  ultimately  to  suspension,  of  reflex  function.  Even  at  this  stage 
a  degree  of  strychnine  spasm  may  be  induced. 

Nerve-muscle. — Very  different  views  have  been  entertained  regarding 
the  action  of  aconitine  on  motor  nerves.  That  it  has  a  curare-like  effect 
has  been  asserted  by  Achschmarumow,  Bunge,  and  others,  whilst  an 
absence  of  such  action  has  been  described  by  Bohm  with  Wartmann, 
Guillard,  and  especially  by  Hottot,  who  used  the  crystalline  aconitine  of 
Duquesnel.  Langley  and  Dickinson  place  aconitine  in  the  front  rank  of 
nerve  poisons  when  it  is  locally  applied.  But  while  there  is  evidence  that 
the  peripheral  nerves  are  affected  by  the  presence  of  aconitine  in  the  tissues, 
the  action  developed  as  a  part  of  aconitine  poisoning  is  far  short  of  the  curare- 
like  action  described ;  in  fact,  doses  barely  sufficient  to  be  lethal  towards 
vigorous  specimens  of  R.  temporaria  may  be  unproductive  of  any  effect, 
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unless  it  be  that  fatigue  is  sometimes  induced  sooner.  The  excitability  of 
the  motor  nerve-endings  is  exalted  by  small  doses  of  the  alkaloid. 

Doses  of  aconitine  which,  though  larger,  do  not  too  rapidly  arrest  the 
circulation,  depress  the  function  of  motor  nervous  apparatus  within  the 
muscle,  favouring  fatigue,  and  occasionally  originating  local  fibrillary 
twitchings  of  the  muscle  substance.  Immersion  in  1-200,000  solution  of 
aconitine  also  causes  fibrillation,  shortening  of  the  muscle,  and  impaired 
contractility ;  intramuscular  motor  nerves  being  first  and  chiefly  affected, 
then  the  nerve  trunks,  and  lastly,  to  a  limited  extent,  the  muscular  tissue 
itself.  Ringer  and  Murrell  regard  aconitine  as  a  universal  protoplasmic 
poison,  though  having  a  primary  affinity  for  nervous  structures.  Wagner 
and  Liibbe,  from  observations  upon  cilia  and  worms,  have  adopted  a  differ- 
ent view ;  and  in  this  the  writer,  who  has  seen  aconitine  comparatively  in- 
operative towards  slugs,  concurs.  It  has  not  been  established  that  R. 
esculenta  and  R.  temporaria  react  differently  to  the  poison,  as  was  once 
supposed. 

Mammalia,  including  man. — Aconitine  is  intensely  irritant  to  the 
nostrils,  causing,  when  inhaled,  violent  sneezing  and  active  secretion, 
with  "  an  icy-cold  "  sensation  extending  upwards  to  the  frontal  sinuses 
(Reil).  Its  solutions,  after  primary  irritation,  cause  passing  anaesthesia  of 
the  conjunctiva,  but  accompanied  by  burning  pain  in  the  cheek  and  lips 
(Pierd'hoorg).  The  prickling  and  burning  which  occur  in  the  skin  of  the 
temporal  region  after  inunction  with  ointments  containing  2  per  cent,  of 
aconitine  originates  a  local  tingling  numbness  and  sensation  of  stiffness 
and  enlargement,  with  reduction  in  tactile  and  thermic  perception,  which 
endures  for  many  hours.  There  is  local  swelling  and  congestion  at  the 
seat  of  application.  Hypodermic  administration  of  aconitine  or  its  salts 
is  at  first  very  painful.  The  visceral  nerves  are  excited  when  aconitine  is 
swallowed,  and  absorption  is  succeeded  by  a  measure  of  action  at  the 
periphery,  recognised  especially  in  the  mouth  and  finger-tips. 

Towards  man  and  the  higher  animals,  aconitine  is  an  intensely  active 
poison.  In  the  Middle  Ages,  1  drm.  or  2  drm.  doses  of  aconite  root  were 
administered  to  criminals  with  fatal  results  (Mattheolus) ;  whilst  medical 
literature  abounds  in  cases  of  fatal  poisoning  by  1  drm.  and  upwards  of 
the  tincture  of  aconite  by  the  mistaken  use  of  the  liniment,  and  by  the 
chance  consumption  of  the  plant,  often  in  a  mistake  for  horse-radish. 

A  few  cases  of  aconitine  poisoning  are  also  recorded.  Meyer,  who 
prescribed  the  alkaloid  in  a  dose  suitable  for  the  weak  German  preparation, 
saw  his  patient  nearly  die  from  the  effect  of  the  active  French  alkaloid 
which  had  been  dispensed  instead.  In  order  to  justify  his  proceeding,  he 
himself  took  0'004  grm.  of  the  same  (Petit's)  preparation  (a  usual  dose  for 
German  aconitine),  with  the  result  that  he  died  in  five  hours'  time.  In 
the  case  of  Malcolm  John,  poisoned  by  Lambson,  his  brother-in-law,  a 
dose  computed  by  Stevenson  at  about  0'13  grin,  was  fatal  in  the  course 
of  four  hours,  but  possibly  it  was  the  more  toxic  body,  pseud-aconitine, 
which  was  given.  Even  O'OOl  grm.,  given  to  an  elderly  woman,  has  nearly 
proved  fatal  (Pereira),  and  O'OOOS  grm.  has  caused  alarming  physiological 
effects.  The  chief  symptoms  are  a  burning  or  tingling  sensation  in  the 
lips,  soft  palate,  and  tongue  (passing  backwards  from  the  point),  constriction 
of  the  throat,  salivation,  nausea,  with  great  discomfort  in  the  stomach, 
succeeded  by  retching  and  vomiting,  sweating  and  giddiness,  with  noise 
in  the  ears,  and  visceral  pain  becoming  more  extensive  and  severe.  There 
is  tingling  and  sensation  of  coldness  of  the  skin  of  face,  chin,  neck,  and 
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fingers,  dyspnu>a,  with  sudden  changes  in  speed  of  respiration,  great 
general  weakness,  with  sense  of  oppression  in  the  head  and  in  the  region 
of  the  heart,  a  small  irregular  pulse,  difficulty  in  swallowing  and  articula- 
tion, jactitations,  occasional  convulsions,  witli  dilatation  of  the  pupil  and 
loss  of  consciousness ;  but  otherwise  the  mind  remains  active  until  the 
near  approach  of  death.  Meyer's  patient,  who  barely  escaped  with  his 
life,  had  short  periods  of  oblivion,  during  which  he  was  convulsed,  cyanotic, 
and  pulseless.  He  afterwards  described  his  sensations  thus :  "  I  get  colder, 
see  no  light,  become  dumb  and  very  sleepy,  and  think  I  dream." 

Mammals  show,  after  a  simple  lethal  dose,  chewing  movements  attended 
by  salivation,  unrest,  pain  at  the  point  of  contact  of  the  alkaloid,  starting 
and  retching  movements  (which,  in  animals  capable  of  the  act,  may  end  in 
vomiting),  obvious  and  often  stridulous  dyspnoea,  with  large  moist  crepit- 
ation in  the  trachea.  Springing  and  running  movements,  apparently 
dyspnoeal  in  origin,  are  witnessed  in  cats  and  rabbits.  Diuresis  and  purga- 
tion are  occasional  effects.  Paresis  develops  first  in  the  hind-,  but  soon 
extends  to  the  fore-limbs  and  the  muscles  elevating  the  head,  whilst  there 
is  some  evidence  that  cutaneous  sensibility  is  impaired.  There  may  be 
occasional  dyspno3al  spasms,  during  which  consciousness  is  lost  and  the 
pupil  becomes  insensitive  and  more  widely  dilated.  In  one  of  these 
spasms,  unless  artificial  respiration  is  used,  death  may  occur.  Dogs  are 
usually  tetanised  before  death ;  rabbits  show  tonic  respiratory  convulsions, 
arrest  of  the  heart  soon  succeeds  respiratory  failure.  The  body  tempera- 
ture, both  external  and  internal,  may  rise  slightly  at  first  after  poisoning, 
but  ultimately  it  falls  rapidly. 

Heart  and  circulation. — Examination  of  the  heart  and  blood  pressure 
in  anaesthetised  animals,  such  as  cats,  shows  a  slowing  of  the  pulse,  due 
to  central  vagus  stimulation,  as  the  result  of  very  small  doses,  or  as  the 
first  stage  of  action  of  large  doses  of  aconitine ;  the  second  stage  is  one  of 
acceleration,  with  irregularity  of  rhythm  and  great  fluctuation  of  the  blood 
pressure,  associated  at  first  with  occasional  omission  of  a  ventricular  systole, 
and  later  with  asequence  of  ventricular  upon  auricular  action,  the  former 
tending  to  become  more  rapid  than  the  latter  (Cash  and  Dunstan, 
Matthews).  Vagus  stimulation  at  this  time  has  irregular  results,  amongst 
which  may  be  mentioned  an  increase  of  blood  pressure,  due  to  restoration 
of  the  natural  sequence  (Cash  and  Dunstan),  and  periods  of  entire  absence 
of  reaction.  Later,  the  vagus  is  entirely  deprived  of  its  function.  Before 
arrest  of  the  heart,  the  ventricles  contracting  very  rapidly  and  imperfectly, 
without  co-ordination  or  reference  to  the  auricular  rhythm,  pass  into  a  con- 
dition of  delirium.  At  all  periods  of  poisoning  the  auricles  are  much  less 
affected  than  the  ventricles. 

The  vasomotor  centre  is  stimulated  in  the  first  instance  by  aconitine, 
and  retains  a  degree  of  activity  until  poisoning  is  advanced,  when  it  loses 
its  function ;  at  this  stage  the  periphery  vaso-constrictors  still  respond 
to  electrical  excitation.  The  same  indifference  to  aconitine  has  been 
observed  in  the  vessels  of  the  frog's  web  (Nunneley).  The  belief  that 
cardiac  arrest  is  the  primary  form  of  death  in  aconitine  poisoning  (Bohm 
and  Wartniann)  is  rightly  opposed  by  many,  including  Harley,  Mackenzie, 
and  Lewin,  the  latter  regarding  artificial  respiration  as  almost  antidotal 
to  the  poison.  It  is  nevertheless  demonstrable,  after  hyperlethal  doses, 
that  failure  of  circulation  follows  very  closely  upon  suspension  of  breath- 
ing, and  death  cannot  be  always  averted,  though  life  may  be  prolonged, 
by  insufflation  of  the  lung. 
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Respiration. — Aconitine  accelerates  respiration  in  the  first  instance,  and 
thereafter,  dyspnoea,  which  may  be  accompanied  by  great  quickening  or  by 
slowing  (more  often  the  latter)  of  the  chest  movements,  is  witnessed.  These 
conditions  may  alternate  for  a  time,  but  before  death  slowing  is  invariable. 
Respiratory  slowing  is  produced  in  anaesthetised  animals,  and  is  little,  if 
at  all,  reduced  by  vagotomy ;  not  only  is  the  pulmonary  vagus  thrown  out 
of  function,  but  the  respiratory  centre  itself  is  ultimately  paralysed  by 
aconitine.  It  is  exceptional  to  find  the  reaction  of  the  phrenic  nerves,  or 
of  motor  nerves  in  general,  to  electrical  stimulation,  markedly  reduced  at 
the  time  of  respiratory  failure. 

Oxidation. — Whilst  oxidation  is  diminished  by  aconite,  the  actual  supply 
of  oxygen  to  the  tissues  is  reduced  by  interference  with  circulation  and 
respiration.  To  this  the  cyanotic  appearance  of  the  mucous  membranes 
bears  witness.  The  large  fall  of  temperature  which  succeeds  aconite  or 
aconitine  administration  is  mainly  due  to  these  influences. 

Temperature. — A  reduction  of  2°  to  3°  C.  in  the  rectal  temperature  of  a 
rabbit  receiving  0'08  mgrm.  per  kilo  is  no  uncommon  occurrence,  if  the 
surrounding  atmosphere  is  warm ;  but  if  it  is  cold,  a  much  greater  fall, 
possibly  leading  up  to  a  fatal  issue,  may  follow  (Brunton  and  Cash).  After 
large  sublethal  doses,  relief  of  dyspnosa  and  acceleration  of  respiration  (if 
previously  slowed)  are  witnessed,  together  with  increased  power  of  move- 
ment before  the  temperature  shows  a  marked  tendency  to  recover.  In 
febrile  states,  aconite  causes  much  more  pronounced  slowing  of  the  heart 
than  in  apyrexia,  whilst  diaphoresis  is  obviously  increased,  thereby  favour- 
ing thermolysis.  The  effective  reduction  of  temperature  may  often  be  main- 
tained by  frequent  repetition  of  small  medicinal  doses. 

Central  and  peripheral  sensory  nervous  system. — There  is  no  evidence  in 
animals,  any  more  than  in  man,  of  a  narcotic  action  of  aconitine,  excepting 
as  a  secondary  consequence  to  the  reduced  oxidation  of  the  higher  centres 
and  the  lowered  blood  pressure  which  is  reached  before  death.  General 
cutaneous  sensation  becomes  modified  and  depressed  at  the  periphery, 
especially  as  a  result  of  local  application  of  the  alkaloid,  whilst,  when 
this  is  administered  internally,  Liegois,  Hottot,  and  others  believe  that 
central  sensory  perception  is  impaired.  The  medullary  centres  are 
obviously  excited  by  aconitine  before  their  function  declines;  and  though 
convulsive  movements  have  been  regarded  as  purely  respiratory,  the  fact 
that  they  are  not  altogether  absent  in  frogs,  and  not  invariably  relieved 
by  artificial  respiration  in  mammals,  indicates  an  effect,  in  part,  central. 
Longitudinal  conduction  of  motor  impulses  by  the  cord  is  possible  at  a 
time  when  the  central  retiex  mechanism  is  more  or  less  involved  by  the 
puison. 

Pupil. — The  pupil  is  dilated  in  aconitine  poisoning,  and  during  urgent 
dyspnoea  it  becomes  still  larger.  Section  of  the  sympathetic  nerve  in 
the  neck  reduces  the  dilatation,  which  is  attributable  to  stimulation  of 
the  central  dilator  apparatus.  Kobert  states  that  paralysis  resulting 
in  myosis  may  occur  before  death.  Aconitine  directly  applied  does  not 
dilate  the  pupil. 

OTHER  ALKALOIDS. 

Benzaconine. — This   natural   alkaloidal   constituent   of    monk's-hood 
i  appears  to  be  one  of  the  chief  components  of  the  body  napelline,  described 
by  Hubschmann.      From  an  inspection  of  the  experimental  results  ob- 
ii 
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tained  by  Schroff,  it  is  clear  that  aconitine  was  present  in  his  specimen 
of  napelline,  which  occasioned  numbness  of  the  tongue  and  other  charac- 
teristic effects  which  are  not  produced  by  benzaconine.  As  a  matter  of 
analysis,  Dunstan  and  Carr  have  demonstrated  the  presence  of  aconitine 
as  well  as  of  benzaconine  and  aconine  in  certain  of  the  German  "  Napel- 
lines."  Murray,  who  employed  Trommsdorf's  preparation,  saw  in  frogs 
a  paralysis  of  mobility  and  of  respiration,  the  heart  remaining  unaffected ; 
whilst  Buchheim  and  Eisenmenger  observed  in  the  same  animals  rapidly 
developing  motor  paralysis,  lasting  for  days,  after  doses  of  O'Ol  mgrm. 
napelline. 

Pure  benzaconine  is  much  less  active  than  aconitine  towards  mammals, 
having  approximately  the  2£-0-  of  the  toxicity  of  the  main  alkaloid  towards 
rabbits,  and  the  2^r(j  towards  frogs  in  summer.  The  actual  lethal  dose 
per  kilo  body  weight  is  for  cats  O035  grm.,  guinea-pigs  0'0238  to  0-0293 
grm.,  rabbits  0'027  grin.,  and  frogs  0'284  grm.  (Cash  and  Dunstan). 

This  alkaloid  reduces  the  mammalian  pulse  rate,  especially  slowing 
the  beat  of  the  ventricles,  which  may  at  last  follow  only  every  second  or 
third  auricular  systole.  This  occasions  a  great  fall  of  blood  pressure 
which  is  only  slightly  affected  by  vagus  section.  The  cardiac  vagus  loses 
its  activity,  like  the  vasomotor  centre,  quite  late  in  the  course  of  poisoning. 
In  some  of  these  points  benzaconine  is  clearly  opposed  in  action  to 
aconitine.  It  causes  a  lethargic  or  semi-narcotised  condition,  whilst  on 
peripheral  nervous  structures,  especially  motor  nerves,  it  acts  powerfully. 
The  muscle  of  a  poisoned  frog,  indirectly  stimulated,  yields  a  series  of 
rapidly  failing  contractions,  which  soon  vanish  altogether,  contractility 
being  reinstated  after  an  interval  of  rest.  This  phenomenon  is  mainly 
attributable  to  a  rapid  fatigue,  produced  upon  the  motor  nerves  at,  or 
towards,  their  terminations.  Conduction  by  the  nerve  trunk,  as  well  as 
excitability  and  contractility  of  the  muscular  tissue,  are  reduced  by  benz- 
aconine, but  sensory  nerves  are  only  involved  at  a  late  stage  of  poison- 
ing. 

Aconine  has  only  about  one -ninth  of  the  toxicity  of  benzaconine 
towards  guinea-pigs,  and  the  one -sixth  towards  frogs,  the  actual  lethal 
proportion  per  kilo  being  for  the  former  animal  0'275  grm.,  and  for  the 
latter  1'55  to  175  grin. 

Aconine  strengthens  the  heart-beat,  never  produces  asequence  or  inco- 
ordination  of  ventricular  contraction,  but  distinctly  opposes  this  condition 
when  produced  by  aconitine.  Except  in  toxic  dose,  the  pulse  rate  is  not 
distinctly  affected,  nor  is  the  cardiac  vagus  weakened  in  function.  Death 
occurs  from  respiratory  failure,  which  appears  to  be  less  of  central  than  oi 
peripheral  origin.  The  action  of  aconine  upon  the  intramuscular  motoi 
nerves  of  the  frog  is  parallel  with  that  of  curare,  and  suspension  oi 
function,  which  is  quite  recoverable  in  presence  of  an  active  circulation 
persists  for  hours  or  days,  according  to  the  dose.  Paralysis  is  not  precedec 
by  any  excitement,  nor  is  tetanus  or  spasm  of  any  form  produced  (Cast 
and  Dunstan).  Waller  has  shown  that  the  electrical  properties  of  nervei 
are  variously  modified  by  the  alkaloids  of  aconite. 

Synergists. — Though  it  is  improbable  that  any  active  principle  hafi 
an  identical  effect  with  aconitine,  delphinine  is  stated  to  have  relatec 
properties,  and  the  local  effect  of  veratrine  is  like  that  of  aconitine 
though  not  identical.  Aconine  shows  a  close  relationship  to  the  curan 
group  of  bodies;  but  the  resemblance  of  benzaconine  to  these  is  mor< 
remote. 
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Antagonists  of  the  alkaloids  of  A.  Napellus. — Aconitine  after  absorp- 
tion is  partially  antagonised  in  its  action  by  atropine.  The  antagonism  of 
digitalin  freely  administered  is  also  of  use.  Each  of  the  other  alkaloids 
present  in  A.  Napellus  is  to  some  extent  antagonistic  to  the  action  pro- 
duced by  aconitine  upon  the  heart. 

Benzaconine  is  antagonised  to  a  limited  degree  by  digitalin  with 
regard  to  the  heart.  Artificial  respiration  in  mammals  prolongs  life. 
Both  benzaconine  and  aconine,  especially  the  latter,  are,  like  curare, 
antagonistic  to  strychnine  and  allied  spasm-producing  agencies. 

Toxicology. — The  symptoms  of  poisoning  by  aconite  have  been 
described  under  the  heading  of  the  action  of  aconitine  on  mammals 
(p.  159).  Treatment  must  be  prompt.  The  stomach  is  to  be  washed  out, 
and  heat  applied  to  the  body  by  blankets  and  hot- water  bottles.  Tannic 
acid,  animal  charcoal,  and  iodine  water  have  some  value  as  chemical  anti- 
dotes towards  unabsorbed  aconitine.  Ethereal  and  alcoholic  stimulants 
and  artificial  respiration  are  of  use. 

Therapeutics. — The  wide  divergency  of  opinion  entertained  regard- 
ing the  value  of  aconite  may  be  illustrated  by  the  statement  of  two 
eminent  observers.  With  regard  to  it  Einger  says,  "  Perhaps  no  drug  is 
more  valuable  than  aconite  " ;  whilst  Schmiedeberg  asserts  that,  saving  its 
value  in  neuralgias,  it  can  be  relegated  to  the  obsolete  means  of  treatment. 
We  doubt  whether  many  who  have  used  the  remedy  in  appropriate  cases 
would  be  disposed  to  subscribe  to  the  latter  view.  Aconite  has  been 
employed  in  many  departments  of  treatment,  but  its  present  use  is  mainly 
directed  to  the  relief  or  cure  of  pain,  and  to  combating  inflammatory 
and  febrile  states. 

External. — Those  conditions  in  which  pain  is  referred  to  a  superficial 
region  are  best  suited  to  local  treatment  by  aconite.  Neuralgias,  especially 
those  of  the  cranial  nerves,  are  of  this  category ;  also  pain  referred  to  the 
intercostal  and  coccygeal  nerves.  Myalgias,  rheumatic  and  gouty  pains 
(Fleming),  inflammatory  conditions  of  structures  of  the  eye  and  ear 
attended  by  pain,  are  types  of  the  disorders  in  which  local  application  of 
the  liniment  or  tincture  of  aconite,  or  of  aconitine  unguent,  frequently 
prove  palliative,  and  occasionally  curative,  in  action. 

Turnbull's  recorded  successes  in  various  neuralgias  were  chiefly  ob- 
tained with  unguents  containing  Morson's  aconitine  in  the  proportion  of 
1  to  60  up  to  1  to  12,  and  in  one  instance  1  to  7^,  of  the  fatty  basis. 
Contrasted  with  veratrine,  he  regarded  aconitine  as  the  more  valuable 
remedy.  Fleming,  whose  name  remains  associated  with  a  powerful  tincture 
of  aconite,  regarded  the  local  use  of  the  drug  with  great  confidence 
in  combating  neuralgic  conditions.  Later  observations  by  Trousseau, 
Gubler,  Laborde,  Ringer,  and  many  others  testify  to  the  value  of  aconitine 
in  neuralgic  cases  even  of  a  persistent  character,  especially  if  unattended 
with  changes  in  nerve  structure  or  local  irritative  causes.  Much  more 
than  mere  palliation  is  often  realised  from  the  treatment,  as  the  recorded 
cases  of  cure  by  these  observers,  by  Weir  and  Hottot  with  Liegois,  attest. 
Palliation  may  result,  but  not  cure,  when  local  irritation,  as  from  a  carious 
tooth  or  inflammation  of  the  middle  ear,  is  the  cause  of  the  pain.  The 
cutaneous  tingling,  numbness,  with  stiffness,  locally  produced  by  aconitine 
(2  per  cent,  unguent)  lasts  for  hours,  and  during  its  occurrence,  pain,  if 
relieved  in  the  first  instance,  remains  in  abeyance.  But  these  physio- 
logical effects  of  aconitine  must  be  produced,  or  no  benefit  is  to  be 
anticipated.  Beginning  with  the  1  in  50  aconitine  ointment  of  the  B.P.,  a 
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stronger  proportion,  1  in  30,  may  be  used,  provided  always  that  the  skin 
is  sound,  and  the  area  of  application  small.  Occasionally  pains  referred  to 
deeper  parts,  as  sciatica,  and  syphilitic  pains  in  the  bones,  may  be  advan- 
tageously treated  with  the  liniment  or  aconitine  unguents.  An  early 
remission  of  pain  is  observable  if  the  treatment  is  going  to  prove  service- 
able. Sometimes  the  association  of  veratrine  with  aconitine  may  be  of  use. 
Lackerstein  recommends  a  pigment  containing  1  gr.  of  aconitine  and 
6  grs.  of  veratrine,  mixed  with  1  oz.  each  of  starch  paste  and  of  collodion, 
to  be  brushed  over  the  painful  part. 

Internal. — Aconite  is  no  longer  relied  upon  in  many  disorders  which 
it  was  once  supposed  to  combat.  Amongst  these  are  chronic  bronchitis, 
phthisis,  for  which  Storck  strongly  recommended  its  use,  and  syphilis 
(Teissier) ;  and  it  is  no  longer  employed  as  a  diuretic  (Fourquier),  its  action 
in  this  capacity  being  at  best  weak  and  uncertain. 

As  a  vascular  sedative,  aconite  has  been  used  in  cases  of  cardiac 
hypertrophy  to  subdue  palpitation  (Lombard),  whilst  Phillips  considers  this 
employment  contra-indicated  if  there  is  valvular  lesion.  Conditions  of 
simple  nervous  palpitation  are  frequently  benefited  by  the  increased 
restraint  of  the  heart  through  the  vagi,  which  aconite  promotes. 

Less  reliance  is  to  be  placed  upon  its  use  in  the  infective  fevers ;  for 
though  it  may  cause  temporary  check  to  the  temperature,  the  effect  soon 
passes,  whilst  prolonged  use  may  favour  exhaustion.  In  erysipelas  with 
high  fever  aconite  has  been  largely  employed  (Listen) ;  and  recently  Tyson 
has  given  the  nitrate  of  aconitine  (1  inrgm.  in  twenty-four  hours),  with 
benefit,  for  attacks  involving  the  face.  Eemittent  fever  (Bomford)  is  said 
to  be  benefited  by  aconite.  Playfair  employs  it  with  confidence,  giving 
small  divided  doses  in  puerperal  fever;  and  even  in  pyaemia  it  has  had 
its  patrons. 

It  is  of  higher  value  in  treating  the  febrile  conditions  associated  with 
inflammation.  In  these,  Murchison,  Kinger,  and  Rabagliati,  amongst  others, 
have  advocated  the  use  of  aconite.  Bakewell  gave  3  to  5  ingrins.  of  Fleming's 
tincture  in  all  disorders  of  this  class ;  and  Kinger  insists  upon  the  great 
advantage  of  small  frequently-repeated  doses  of  the  B.P.  tincture.  Children 
suffering  from  feverish  cold  (Phillips),  or  who  suddenly,  after  a  rigor,  develop 
a  high  temperature,  with  hot  dry  skin,  headache,  and  rapid  tense  pulse, 
with  or  without  signs  of  local  inflammation,  are  peculiarly  amenable  to 
aconite,  provided  the  disorder  is  not  gastric  in  origin.  Perspiration 
almost  invariably  accompanies  the  reduced  vascular  tension  and  fall  of 
temperature.  Even  if  there  is  obvious  local  inflammation  present,  as  of 
the  tonsils,  larynx,  thoracic  viscera,  or  serous  membranes,  provided  the 
disorder  is  only  commencing,  aconite  will  occasionally  give  much  relief, 
and  even  appear  to  check  the  developing  condition,  but  it  is  of  much  less 
service  when  such  disorders  are  established.  The  author  has  observed 
that  some  children  are  at  all  times  more  amenable  to  the  action  of  aconite 
than  others.  Such  variation  may  be  found  amongst  members  of  the  same 
family. 

Pyrexia  with  pain.  —  The  violent  joint  pain  of  acute  rheumatism  is 
often  relieved  by  aconite,  some  fall  of  temperature  occurring ;  this 
beneficial  effect  Lombard  believes  to  be  quite  apart  from  the  diaphoretic 
action  of  the  remedy.  Whilst  the  tincture  of  aconite  may  be  used  in 
repeated  doses  of  5  minims  in  such  cases,  Hottot  insists  upon  the  advantage 
of  aconitine  given  by  the  mouth.  Using  the  nitrate  (Duquesnel's  prepara- 
tion), he  gives  doses  of  £  mgrni.  (0'00025  grin.),  three  such  doses  being 
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administered  within  twenty-four  hours  at  intervals  of  not  less  than  five  to 
six  hours.  The  hypodermic  administration  of  aconitine  he  finds  to  be 
painful  and  distinctly  less  serviceable  than  when  the  alkaloid  is  given  by 
the  mouth.  In  acute  rheumatism  and  visceral  inflammation  with  pyrexia, 
,',,  nigrm.  of  crystalline  aconitine  is  sufficient  for  initial  administration; 
and  if  the  pulse  is  slowed  and  the  temperature  somewhat  abated,  the 
dose  may  be  repeated  in  three  to  four  hours'  time. 

Whilst  local  applications  may  suffice  when  pain  has  a  superficial  origin, 
internal  administrations  of  aconite  or  of  aconitine  are  more  serviceable  if 
the  seat  of  pain  is  remote.  In  addition  to  the  local  influence  which 
follows  absorption,  it  is  probable  that  central  sensory  perception  is 
reduced,  whilst  the  sedative  impression  on  the  circulation  is  opposed  to 
the  inflammatory  conditions  so  often  associated  with  pain.  Occasionally 
the  external  and  internal  uses  of  aconite  may  be  associated  with  one 
another. 

Pain  of  the  character  referred  to  under  local  treatment  may  be  met  by 
the  internal  use  of  aconite  and  aconitine,  but  the  use  of  the  latter  should 
be  restricted  to  violent  and  exhausting  pain  which  has  resisted  other 
treatment,  including  the  local  application  of  aconitine  and  veratrine. 
Xeuralgias  of  this  character  have  yielded  to  such  treatment  by  aconitine 
as  that  just  described,  as  well  as  to  hypodermic  injections  at  the  seat  of 
pain.  However  severe  and  obstinate  a  neuralgia  has  proved,  aconitine 
should  be  administered  internally  before  the  hope  of  benefit  from  medica- 
tion is  abandoned.  Oulmont  specially  values  aconitine  in  simple  con- 
gestive neuralgias  rather  than  in  those  cases  connected  with  lesions,  or 
which  show  a  markedly  intermittent  type.  In  treating  the  latter,  he 
advocates  the  combined  use  in  a  pill  of  aconitine  0'0002  grm.  with  0'5 
grm.  quinine  at  first  thrice  daily.  Failing  relief,  he  gives  one  additional 
pill  daily,  until  a  maximum  of  six  in  the  twenty-four  hours  is  reached. 
Although  TV  mgrm.  of  aconitine  is  a  safe  commencing  dose,  the 
alkaloid  may  be,  and  often  must  be,  given  in  larger  amount  before  the 
desired  result  is  obtained.  We  do  not  yet  know  precisely  the  limit  of 
safe  dosage :  individual  receptivity  towards  aconitine  varies,  and  a  degree 
of  tolerance  is  also  established.  Gubler  gave  0'0005  grm.  twice  daily  at 
first,  ultimately  increased  up  to  six  times  a  day;  whilst  Weir,  using 
Dequesnel's  aconitine,  eventually  arrived  at  a  dosage  which,  given  in  the 
first  instance,  would  probably  have  proved  toxic. 

The  employment  of  the  nitrites  has  very  properly  superseded  the  use 
of  aconite  (advocated  by  Fleming)  or  aconitine  in  angina  pectoris. 
Uterine  and  ovarian  pains  are  occasionally  well  met  by  aconite,  which 
seems,  further,  to  have  a  regulating  action  upon  the  catamenia  (Copland, 
Ringer). 

In  the  capacity  of  sedative  to  the  motor  centres,  aconite  has  been  used 
in  mania  and  convulsive  conditions,  even  including  tetanus.  De  Morgan's 
case  (in  which  strychnine  had  been  first  given  to  such  an  extent  as  to 
exaggerate  the  symptoms),  was  alleged  to  have  been  benefited  by  aconite, 
in  doses  amounting  to  60  minims  of  Fleming's  tincture  in  the  day.  Page, 
Sedgwick,  Wunderlich,  and  others  have  also  recorded  similar  successes. 
Apart  from  the  depression  of  sensory  nerves  and  centres  by  aconitine, 
the  effect  of  the  subordinate  alkaloids,  benzaconine  and  aconine,  would 
contribute  towards  a  reduction  of  spasm.  It  seems  apparent,  however, 
that  doses  of  aconite  so  large  as  to  be  toxic  in  other  conditions,  are 
requisite  in  order  to  produce  any  amelioration ;  and,  having  regard  to  the 
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safer  and  surer  remedies  now  available,  the  aconite  treatment  is  not  to 
be  recommended. 

The  free  employment  of  aconite  or  aconitine  internally  is  contra- 
indicated  in  presence  of  valvular  lesion  of  the  heart,  or  when  there  is 
ground  for  suspecting  fatty  changes  in  the  organ. 

It  should  be  remembered  that  the  liniment  (B.P.)  is  about  twelve  and 
a  half  times  as  strong  as  the  tincture  (B.P.),  and  therefore,  if  taken  by 
mischance,  it  is  a  very  serious  poison.  A  good  working  direction  for  | 
giving  the  tincture  (either  B.P.  or  U.S.P.)  is  to  limit  the  administration  | 
to  30  minims  for  twelve  hours,  and  no  single  dose  to  exceed  10  minims. 
Aconitine  is  official  in  the  B.P.  for  external  use.  No  dose  is  indicated 
for  internal  use ;  but  if  administered  by  the  mouth  the  commencing  dose 
of  pure  crystalline  aconitine  should  not  exceed  TV  mgrm.,  or,  if  given  sub- 
cutaneously,  TV  mgrm.  Solutions  of  aconitine  become  slightly  less  active 
after  being  kept  some  time.  This  amount  may  be  repeated  after  an 
interval  of  three  hours,  but  only  experience  of  the  patient's  susceptibility 
towards  aconitine  can  determine  to  what  extent  the  treatment  can  be 
safely  and  advantageously  carried.  Duquesnel's  granules,  containing  \  of 
a  mgrm.  aconitine,  have  been  largely  employed  abroad.  The  nitrate  of 
aconitine  has  been  used  by  Grubler  and  others.  The  Unguentum  Aconitina?, 
official  in  the  B.P.,  contains  2  per  cent,  of  the  alkaloid.  The  skin  should 
be  ascertained  to  be  sound  before  any  external  applications  of  aconitine 
are  made. 
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VERATKUM   VIKIDE. 

(U.S.  P.) 

VEHATRUM  VIRIDE,  Green  Hellebore,  or  Indian  Poke,  is  indigenous  in  Canada 
and  the  Northern  States  of  America.  The  dried  rhizome  and  rootlets  are 
recognised  by  the  United  States  Pharmacopoeia  as  official,  but  no  part  of 
the  plant  is  official  in  the  British  Pharmacopoeia.  The  rhizome  is  met 
with  in  the  pharmacies,  either  undivided,  longitudinally  sliced,  or  in 
fragments.  Externally  it  is  brown,  with  adherent  yellow  shrivelled 
indented  rootlets,  or  showing  scars  where  these  have  separated.  Internally 
the  colour  is  pale.  The  taste  is  bitter  and  acrid,  and  the  powder  is 
irritant. 

Historical. — According  to  Josselyn,  veratrum  viride  was  in  use  amongst 
the  aborigines  of  North  America  as  a  test  of  strength,  whilst  the  colonists 
of  the  New  World  employed  it  to  cause  emesis  or  as  a  purgative  and 
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antiparasitic  (Fliickiger  and  Hanbury),  but  it  had  no  well-defined 
therapeutical  position  until  the  writings  and  statements  of  Osgood  (1835) 
and  others  brought  it  into  prominence  as  a  means  of  reducing  the  activity 
of  the  circulation.  From  1860  to  1880  the  employment  of  the  drug  became 
general  in  North  America,  whence  it  spread  to  Europe,  and  this  period 
was  further  marked  by  accessions  to  the  knowledge  previously  acquired  of 
the  character  and  action  of  the  active  constituents  present  in  the  rhizome. 
The  fact  that  the  remedy  at  the  present  time  only  figures  occasionally 
in  the  repertory  of  the  practitioner,  must  not  be  taken  as  implying  that  it 
has  been  found  on  the  one  hand  inert  or  on  the  other  too  dangerous  for 
employment,  but  rather  that  other  views  of  the  nature  and  therapeutical 
requirements  of  many  disorders  for  which  it  was  once  administered  are 
now  current,  and  also  to  some  extent  because  other  remedies  have 
appeared  in  its  legitimate  field  of  action,  which  are  more  easily  employed 
and  less  unwelcome  to  the  patient. 

Active  principles. — Whilst  the  early  researches  of  Worthington  seemed 
to  indicate  the  presence  of  veratrine  in  the  root  of  green  hellebore,  other 
analyses  demonstrate  that  not  one  but  several  alkaloidal  bodies  are  present. 
Simon  gave  to  one  of  these  (which  was,  however,  separated  from  veratrum 
album  in  the  first  instance)  the  name  of  jervine  (1838).  Later,  Bullock, 
whilst  denying  the  presence  of  veratrine,  recognised  and  described 
veratroidine,  this  body  being  subsequently  identified  by  Tobien,  Pehkschen, 
and  others.  A  more  recent  analysis  by  Wright  is  still  more  complex  in 
its  results.  It  recognises  jervine,  to  which  the  formula  C26H37N03-i-2H90 
is  attached;  pseudojervine  (C29H43N07),  cevadine  (C32H49N09),  a  little 
rubijervine  (C26H45N02),  and  traces  of  veratrine  and  veratralbine. 

Jervine  is  obtained  in  colourless  prismatic  crystals,  which  give  with 
concentrated  sulphuric  acid  a  yellow  to  green  coloration,  but  are  not 
coloured  by  hydrochloric  or  nitric  acid. 

Pseudojervine  (Wright)  is  in  rhombic  crystals,  which  if  pure  yield  no 
colour  reaction. 

Veratroidine  (Bullock  and  Tobien)  is  amorphous  or  partly  crystalline, 
giving  with  concentrated  sulphuric  acid  in  the  cold  a  red  colour 
(Pehkschen),  and  with  nitric  acid  a  yellow  colour  (Dragendorff).  It  has 
been  regarded  by  some  as  jervine  in  mixture  with  resin,  but  more  probably 
it  corresponds  with  the  rubijervine  of  Wright.  The  total  alkaloid  con- 
tained in  the  rhizome  has  been  estimated  at  1'3  to  1'5  per  cent.  (Kremel). 
Piesinous  matter,  gallic  and  other  acids,  are  also  present  in  it. 

Pharmacology. — As  opinion  is  not  agreed  regarding  the  alkaloidal 
contents  of  the  veratrum  viride  root,  the  examination  by  pharmacologists 
into  the  action  of  one  or  other  group  of  principles  may  be  criticised  from 
the  point  of  view  that  such  bodies  are  impure  or  complex  in  character. 
Wood,  who  recognised  and  examined  only  the  alkaloids  jervine  and  vera- 
troidine, obtained  results  with  the  latter  which  might  be  regarded  as  partly 
attributable  to  the  presence  of  a  resin  as  well  as  of  an  alkaloid,  but  his 
research  still  remains  one  of  the  most  careful  and  instructive  contributions 
which  have  been  made  to  the  subject.  Lowensohn,  working  under  Kobert's 
direction,  at  a  much  later  date  than  Wood,  investigated  active  principles 
having  a  similar  designation,  with  the  addition,  however,  of  pseudo- 
jervine. He  found  veratroidine  to  be  the  most  active  member  of  the 
group,  and  jervine  the  feeblest,  pseudojervine  occupying  an  intermediate 
position.  Wood  recognised  a  distinct  action  in  jervine  and  veratroidine. 
Jervine,  whilst  devoid  of  local  irritant  properties,  caused  tremor  and 
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fibrillation  with  impairment  of  the  power  of  voluntary  movement. 
Ultimately  clonic  spasm,  referred  to  cerebral  stimulation,  of  a  feeble  and 
forceless  character,  was  developed.  Medullary  centres  were  markedly 
depressed  in  function,  vascular  relaxation  and  respiratory  failure  being 
induced  by  large  doses,  whilst  slowing  of  the  pulse  with  tendency  to 
accelerate  on  attempted  movement,  was  attributed  rather  to  a  direct  action 
of  jervine  on  the  myocardium  and  its  contained  ganglia,  than  to  a  central 
vagus  stimulation  and  ensuing  failure. 

In  contrast,  veratroidine  was  found  to  be  irritant,  provoking  vomiting 
and  purgation,  but  depression  of  the  cord  function  was  preceded  by  less 
tendency  to  fibrillation  and  convulsion  than  follow  the  absorption  of 
jervine.  Early  stimulation  of  the  cardio-inhibitory  centre  slowed  the 
pulse  and  reduced  the  blood  pressure,  but  as  the  action  of  the  drug 
proceeded,  the  stimulation  yielded  to  depression,  and  abolition  of  central 
inhibition  caused  the  pulse  to  accelerate.  The  respiratory  centre  was 
affected  in  the  same  manner,  and  the  resulting  imperfect  oxidation  of  the 
blood  served  as  a  stimulus  to  the  vaso-constrictor  centre, — which  was  still 
active, — so  causing  a  rise  in  blood  pressure;  but  this  was  not  seen  if 
artificial  respiration  was  employed.  As  contrasted  with  the  alkaloid 
veratrine  (the  presence  of  which  in  green  hellebore  is  still  uncertain), 
veratroidine  was  found  by  Lowensohn  to  be  less  irritant  towards  tho 
sensory  nerves  of  the  nostrils,  although  provoking  sneezing  when  inhaled, 
whilst  it  lacked  the  specific  action  of  the  former  upon  skeletal  muscle. 
Both  bodies  produced  fibrillation,  and  their  action  upon  the  cardio-vascular 
system  was  similar.  The  lethal  dose  (hypodermic)  of  veratroidine  for  dogs 
is  stated  to  be  17  mgrms.  per  kilo  body  weight. 

If  the  alkaloids  cevadine  and  veratrine,  both  of  which  are  constituents 
of  cevadilla,  were  also  present  in  green  hellebore,  as  alleged  by  Wright, 
they  would,  whilst  imparting  their  irritant  property,  contribute  to  the 
fall  in  pulse  rate  and  blood  pressure  which  the  other  alkaloids  of  the  root 
occasion.  The  writer  has  not,  however,  seen  any  evidence  of  their  presence 
when  examining  the  muscles  of  frogs  previously  poisoned  by  extract  of 
veratrum  viride. 

Of  the  action  of  veratralbine — a  trace  of  which  was  found  by  Wright 
in  the  root  of  green  hellebore, — but  little  is  known. 

Secretion  by  the  skin,  salivary  glands,  and  doubtfully  by  the  liver,  is 
increased  by  veratrum. 

Action  of  alcoholic  preparations  of  the  root. — In  frogs  receiving  3 
minims  of  the  tincture  of  veratrum  viride,  formerly  official  in  the  British 
Pharmacoposia,  the  action  of  the  heart  is  much  slowed  and  weakened, 
whilst  a  tendency  to  asequence  of  ventricular  upon  auricular  contraction 
is  produced.  The  stimulated  peripheral  vagi  gradually  lose  their  power 
to  slow  or  arrest  the  heart,  whilst  motor  nerves  undergo  considerable 
impairment  in  their  function  at  the  periphery.  Such  doses  given  hourly 
to  a  man  cause  some  reduction  in  vascular  tension,  with  but  little,  if  any, 
slowing  of  the  pulse  rate ;  whilst  twice  this  amount,  similarly  administered, 
produces  a  stronger  effect  on  pressure,  the  pulse  ultimately  declining  to 
about  three-fourths  of  its  original  speed.  Increased  perspiration,  distinct 
nausea  with  discomfort  in  the  epigastrium, — if  not  vomiting,  with  a 
feeling  of  general  weakness, — develop  as  the  effect  of  the  drug  progresses. 
A  single  large  dose  (30  minims  of  the  old  B.P.  tincture)  will  cause 
great  reduction  in  pressure  and  pulse,  the  latter  falling  to  50  or  60  per 
minute,  and  tending  to  become  thready  and  very  feeble  at  the  wrist. 
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Vomiting  and  possibly  purging  may  be  associated  with  the  symptoms  of 
collapse.  The  pulse  may  suddenly  become  rapid,  especially  if  undue 
exertion  is  made  by  the  patient.  More  serious  over-dosage  has  produced 
feeble  clonic  spasm,  diplopia  with  dilated  pupil,  and  a  condition  of 
semi-unconsciousness. 

Whilst  the  main  depressant  action  of  veratrum  is  produced  after  its 
absorption  by  stimulating  vagus  inhibition,  by  lowering  systolic  force  and 
favouring  vaso-dilatation,  it  is  probable  that  the  irritant  action  it  exerts 
within  the  alimentary  canal  contributes  renexly  to  cardiac  depression. 
The  persistent  character  of  the  retching  and  vomiting  which  follow  large 
doses,  in  so  far  as  they  arise  from  local  irritation,  indicate  a  continued 
activity  of  visceral  nerves.  In  this  respect  veratrum  differs  to  some 
extent  from  aconite,  which  does  not  by  any  means  invariably  occasion 
vomiting  when  introduced  in  large  doses  into  the  stomach.  Although 
veratrum  has  often  been  employed  with  surprising  freedom  (drachm  doses 
of  Norwood's  strong  tincture  are  said  to  have  been  given  in  puerperal 
convulsions),  but  few  cases  of  fatal  poisoning  stand  on  record.  One  fatal 
case,  that  of  an  infant  of  eleven  months,  occurred  during  administration 
of  3  to  4  minims  of  the  tincture  every  second  hour  (Wood).  Another  was 
that  of  a  child  of  eighteen  months,  who  died  after  receiving  35  minims 
of  the  old  B.F.  tincture.  Lowensohn,  who  has  collected  thirteen  cases  of 
poisoning  by  preparations  containing  veratroidine,  found  that  only  one  of 
the  number  terminated  fatally.  Were  it  not  that  effective  vomiting  is 
readily  induced  by  large  doses,  when  given  by  the  mouth,  it  is  probable 
that  the  list  of  fatalities  would  have  been  much  longer.  In  this  connec- 
tion it  is  right  to  bear  in  mind  that  hypodermic  administration  has  not 
such  a  safeguard,  and  should  therefore  be  conducted  with  all  the  greater 
caution. 

Therapeutics. — Convulsive  disorders. — It  must  be  conceded  that 
the  indications  for  the  employment  of  veratrum  in  any  other  capacity 
than  as  a  cardio-vascular  depressant  are  not  clear.  How  far  the  de- 
pression of  medullary  and  cord  centres  which  follows  the  administration 
of  veratrum  is  direct,  or  in  how  far  it  is  attributable  to  the  altered 
circulatory  conditions,  is  not  fully  determined,  but  it  is  probable  that  the 
latter  factor  is  an  important  one  in  this  connection.  Eegarded  simply 
as  a  spinal  depressant,  it  is  neither  certain  nor  energetic  when  contrasted 
with  many  other  remedies  which  are  now  at  the  practitioner's  disposal, 
although  a  few  cases  have  been  recorded  in  which  such  ailments  as  traumatic 
tetanus  (Grinnel)  and  infantile  convulsions  (Davis)  have  benefited  under 
veratrum. 

When,  however,  spasmodic  states  are  intimately  associated  with  abnorm- 
ally high  intra vascular  tension,  there  is  a  stronger  reason  for  its  employ- 
ment. Puerperal  eclampsia  often  appears  to  be  of  such  a  character.  With 
the  development  of  veratrum  action,  the  tendency  to  spasm  is  reduced  in 
a  considerable  proportion  of  such  cases,  and  by  keeping  the  pulse  under 
control  the  recurrence  of  convulsions  may  frequently  be  averted.  Such 
a  palliative  effect  cannot,  of  course,  be  indefinitely  prolonged,  and  the 
necessity  for  delivery  may  still  remain,  especially  if  the  urine  is  found 
to  be  distinctly  albuminous  before  the  advent  of  convulsions.  In  view 
of  the  fact  that  the  myocardium  is  hypertrophied  during  gestation,  it  is 
to  be  anticipated  that  this  drug,  like  other  depressants,  notably  chloro- 
form, will  be  well  tolerated,  and  this  is  certainly  borne  out  by  experience. 
Jewett,  who  had  six  fatal  cases  out  of  twenty-two  treated  by  veratrum, 
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says :  "  Experience  has  shown  that  no  convulsion  will  occur  if  the  system 
is  sufficiently  under  the  influence  of  the  drug  to  hold  the  pulse  under  60 
per  minute."  The  same  guide  to  effective  administration  is  recognised  by 
More  Madden,  who  considers  veratrum  as  "  the  best  of  all  our  remedies  " ; 
he  advises  that  the  pulse  should  be  kept  below  60  for  several  days  after 
convulsions  have  been  arrested.  Very  favourable  experiences  are  recorded 
by  many  other  practitioners :  by  Cutter,  who  had  no  loss  of  life  amongst 
seventy-one  patients;  by  Love,  who  treated  twenty-three  cases  with 
veratrum  and  benzoic  acid  with  like  success ;  by  Willis,  who  gave 
15  minims  of  the  fluid  extract  at  one  dose;  by  Edgar  and  Griggs,  who 
employed  the  remedy  hypodermically ;  by  Gordon,  who  found  5  minims 
of  the  fluid  extract  sufficient,  when  given  subcutaneously,  to  reduce  the 
pulse  rate  to  from  50  to  60  for  over  five  hours.  In  this  sphere  of  service 
veratrum  has  the  double  recommendation — (1)  that  it  is  a  certain  and 
rapid  means  of  lowering  the  pressure ;  (2)  that  although  it  is  not  cumulative 
to  any  marked  degree,  its  action  is  long  maintained,  and  may  be  per- 
petuated by  a  repetition  of  small  doses. 

Pyrexia. — Despite  the  earlier  observations  of  Oulmont  to  the  contrary, 
the  action  of  veratrum  viride  upon  a  normal  temperature  is  neither 
powerful  nor  prolonged.  Squarey  states  that  he  has  pushed  the  administra- 
tion to  nauseation,  and  even  to  impending  syncope,  without  more  than  an 
insignificant  effect  upon  the  body  temperature.  Although  a  fall  of  1° 
to  3°  C.  may  follow  the  administration  of  veratrum  in  pyrexia,  this 
action  is  uncertain,  and  dearly  bought  at  the  price  of  the  circulatory 
depression  which  is  its  main  cause.  Thus  it  is  not  to  be  recommended 
in  the  pyrexia  of  scarlet  fever  or  measles,  whilst  it  is  obviously  contra- 
indicated  in  enteric  fever. 

Inflammation. — There  are  few  inflammatory  states  for  which  veratrum 
has  not  been  used  in  the  hope  of  mitigating  the  existing  condition,  or  even 
barring  the  further  progress  of  the  disorder.  Its  action  has  been  regarded 
by  some  as  tantamount  to  a  depletion,  but  without  the  permanent  loss  of 
"blood,  whilst  its  power  of  producing  depression  earned  for  it  the  designa- 
tion of  the  "  younger  brother  "  of  tartar  emetic  (Ziernssen). 

That  no  change  in  the  character  of  the  blood  is  to  be  anticipated  from 
veratrum  treatment,  was  recognised  by  Wood,  who  supported  the  use  of 
the  remedy  in  suitable  cases.  This  observer  insisted  upon  an  early  period 
of  acute  inflammation  as  the  time  for  employing  veratrum  to  advantage, 
and  he  further  showed  that,  in  order  to  obtain  the  desired  effect,  its 
physiological  action,  short  of  emesis,  must  be  developed.  With  this  object 
in  view,  divided  but  increasing  doses  were  to  be  given  until  a  reduction 
in  pulse  rate  to  60  or  80  per  minute  had  been  attained,  and  thereafter  a 
reduced  dosage  sufficient  to  "  hold  "  the  heart.  The  value  of  such  recom- 
mendations has  been  endorsed  by  many  who  have  employed  the  remedy. 

Veratrum  has  been  largely  employed  in  the  treatment  of  both 
parenchymatous  and  serous  inflammations  —  pneumonia,  pleurisy,  endo- 
carditis (Kiemann),  acute  rheumatism  (Osgood).  puerperal  phlebitis 
(Fordyce  Barker),  puerperal  and  traumatic  peritonitis  (Wood), — being  a 
few  amongst  the  many  disorders  in  which  the  American  school  of 
physicians  have  claimed  successes  from  its  use.  Probably  the  remedy 
has  been  more  largely  used  in  the  treatment  of  croupous  pneumonia 
than  in  any  other  capacity.  Both  Biermer  and  Kocher  have  even 
regarded  the  arrest  of  the  disorder  at  an  early  stage  of  its  progress 
as  a  probability,  the  former  stating  that  under  early  treatment  by 
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veratrum  18'5  per  cent,  of  his  .cases  recovered  in  from  two  to  four 
days.  Short  of  arrest,  the  disorder  ran  a  not  unfavourable  course, 
defervescence  occurring  in  five  days  twenty  hours  on  an  average,  as  con- 
trasted with  five  days  twelve  hours  (Thomas),  and  six  days  twelve  hours 
(Ziemssen)  after  purely  expectant  treatment.  On  many  hands,  however, 
the  abortive  action  of  veratrum  in  croupous  pneumonia  is  warmly  con- 
tested (Lobel,  Ziemssen) ;  whilst  a  delay  in  defervescence  after  its  use  is 
suggested  by  liinger.  The  sputum  is  usually  reduced  in  quantity,  and 
assumes  a  yellow  colour  under  veratrum  treatment,  whilst  respiratory 
distress  is  diminished.  As  to  the  ultimate  value  of  the  treatment,  much 
has  been  said  in  praise  of  the  drug.'  Wood  speaks  strongly  in  its  favour, 
and  Niemeyer  gives  it  as  his  opinion  that  "  modern  experience  fully 
warrants  its  use  in  recent  cases  of  robust  subjects."  Kocher,  who  used 
not  only  veratrum  but  veratrine,  had  only  7 '8  per  cent,  fatal  cases,  whilst 
both  Drasche  and  Kieman  had  results  which  they  considered  encouraging, 
the  latter  losing  only  12'5  per  cent.,  despite  the  fact  that  in  many  of  these 
cases  the  treatment  was  not  available  until  too  late. 

The  most  favourable  results  of  veratrum  treatment  in  pneumonias  are 
obtained  in  sthenic  cases  (this  limitation  at  once  stamps  a  large  proportion 
of  all  cases  as  unsuited  to  its  use),  when  the  treatment  is  commenced 
early,  and  when  it  is  not  persisted  in  too  long.  The  case  must  be  there- 
fore carefully  chosen,  and  the  action  of  the  remedy  must  be  closely 
watched.  Even  when  indications  seem  favourable,  and  the  way  clear  for 
the  use  of  veratrum,  the  physician  may  well  bear  in  mind  that  the  main 
danger  proper  to  this  infective  malady  is,  undoubtedly,  heart  failure,  and 
then  ask  himself  how  far  he  is  prepared  to  carry  out  a  treatment  which 
is,  in  its  essence,  depressant  towards  the  organ  upon  which  the  issues  must 
so  largely  depend. 

Experience  of  the  action  of  veratrum  in  catarrhal  pneumonia  is  less 
extensive ;  cases  demanding  depressant  treatment  do  not  often  present 
themselves,  and  the  gastric  conditions  prevailing  may,  of  themselves, 
render  such  an  irritant  drug  inadmissible.  Nor  does  the  uncertain  course 
of  the  disorder  admit  of  such  a  reliable  estimate  being  formed  of  the  value 
of  the  remedy  when  employed.  Some  cases  of  laryngeal  croup  are  recorded 
in  which  veratrum,  administered  to  the  child  in  small  (2  minims)  but 
repeated  doses,  produced  satisfactory  results  (Handfield  Jones). 

Circulatory  and  allied  disorders. — The  depressant  action  of  veratrum 
towards  the  cardio- vascular  system  approaches  that  of  aconite,  whilst 
offering  a  marked  contrast  towards  digitalis.  There  are  cases  of  cardiac 
irregularity  coupled  with  hypertrophy  of  the  organ  and  high  intravascular 
tension  (Lidgois)  which  may  be  benefited  by  the  former  remedies,  whilst 
digitalis  would  serve  only  to  aggravate  their  condition.  The  treatment 
by  veratrum  of  cases  in  which  serious  valvular  incompetence  is  present, 
is  open  to  the  objection  that  a  distinct  slowing  of  the  pulse  with  reduction 
of  pressure  might,  under  such  circumstances,  contribute  to  the  danger  of 
syncope. 

The  treatment  of  thoracic  aneurysm  and  of  Graves's  disease  by  green 
hellebore  is  said  to  have  been  of  service  (Hutchins),  but  only  a  few  cases 
have  been  reported,  and  these  are  not  of  a  very  convincing  character. 

Mode  of  administration. — The  alkaloids  are  not  used  in  separate  form 
therapeutically.  The  United  States  Pharmacopeia  contains — 

(1)  Tinctura  Veratri  Viridis,  and  (2)  Extractum  Veratri  Viridis 
Fluidum.  The  dose  of  each  is  from  3  to  6  minims.  For  dealing  with 


REFERENCES.  173 

iflammatory  conditions,  Wood's  system  is  to  be  recommended.  By  this 
minims  of  the  tincture  are  given  hourly,  increasing  by  1  minim  until  a 
se  of  6  or  7  minims  is  reached ;  then,  the  requisite  effect  being  produced 
on  the  circulation,  a  dose  reduced  by  1  minim  or  more  hourly  serves  there- 
after to  prolong  the  desired  action.  The  efficacy  of  this  method  is  con- 
firmed by  Trotzschen  and  others,  who  have  followed  it  closely.  For 
puerperal  eclampsia  full  doses  of  tincture  or  fluid  extract  are  to  be  used 
and  repeated  as  may  seem  necessary.  Squibb  relies  on  5-minim  doses  of 
the  fluid  extract  (U.S.P.),  repeated  about  every  fifteen  minutes  until  the 
pulse  is  affected.  This  preparation  has  also  been  given  hypodermically. 
The  pulse  is  to  be  kept  down  after  the  spasm  has  passed,  in  order  to  hinder 
a  recurrence  of  the  condition. 

As  a  guide  to  the  repetition  of  dose,  it  may  be  stated  that  there  is  no 
clear  evidence  of  cumulative  action  of  the  drug  on  the  one  hand,  nor  of 
the  establishment  of  tolerance  towards  it  on  the  other.  This  statement 
does  not  conflict  with  the  experience  that  in  some  cases,  notably  of 
eclampsia,  very  large  doses  are  requisite  and  may  safely  be  given. 

Dilution  and  the  addition  of  mucilage  to  veratrum  preparations 
relieves  them  to  some  extent  of  their  local  irritant  action,  or  10  to  15 
minims  of  tincture  of  opium  may  also  be  given  twenty  minutes  before.- 
hand. 
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VERATRINA. 

(B.P.    ANU   U.S.P.) 

FROM  the  seeds  of  cevadilla  at  least  three  alkaloids  have  been  separated. 
The  designation  of  these  has  caused  some  confusion.  The  veratrine  of 
Merck,  obtained  in  a  crystalline  form,  is  not  the  veratriue  of  Couerbe  or 
of  Wright  and  Luff,  but  corresponds  to  the  alkaloid  cevadin  of  these  authors. 
The  third  alkaloid  cevadillin  (Wright  and  Luff)  is  identical  with  the 
sabadillin  of  Weigelin. 

Veratrine,  is  an  amorphous,  grey-coloured  powder,  having,  according  to 
Hesse,  the  probable  formula  C32H51N09.  It  is  soluble  in  chloroform,  less 
so  in  ether,  and  only  slightly  soluble  (1  in  1560)  in  water  (Fliickiger). 

Cevadine  is  crystalline.  Merck  gave  for  this  body,  under  the  name  of 
veratrine,  the  formula  C32H49N09. 

Cevadilline  is  amorphous.     Its  probable  formula  is  C34H53N08. 

The  veratrine  of  both  the  Pharmacopoeias  is  described  as  an  alkaloid 
or  mixture  of  alkaloids.  It  yields,  with  fifty  times  its  weight  of  sulphuric 
acid,  a  yellow  colour,  subsequently  acquiring  a  yellowish-green  fluorescence. 
It  is  insoluble  in  water,  soluble  in  3  parts  of  90  per  cent,  alcohol,  or  of 
chloroform,  in  6  of  ether,  and  in  diluted  acids,  leaving  slight  traces  of 
an  insoluble  brown  resinous  matter.  The  British  Pharmacopoeia  gives 
the  name  of  the  plant  from  which  it  is  derived  as  Schcencaulon  officinalc, 
that  of  the  United  States  gives  it  as  Asagraca  officinalis. 

When  destined  for  therapeutical  purposes,  absolute  freedom  of  veratrine 
from  the  other  alkaloids,  though  desirable,  is  not  essential,  as  there  is  no 
material  difference  in  action  between  these  bodies  (Lissauer). 

Pharmacology. — Absorption  and  elimination. — Veratrine  is  ab- 
sorbed from  the  unbroken  skin  with  difficulty,  and  the  few  records  which 
exist  of  remote  action  (tingling  sensations  and  jerking  of  muscles  in  a 
part  of  the  body  distant  from  the  point  of  contact  with  alkaloid,  together 
with  colic  and  vomiting)  must  be  received  with  some  reserve.  From  the 
stomach  and  intestines  absorption  takes  place  promptly,  and  evidence  of 
this,  apart  from  the  symptoms  due  to  local  irritation,  rapidly  follows  the 
subcutaneous  administration  of  solution  of  the  alkaloid  or  its  salts.  It 
seems  to  act  less  powerfully  on  the  intestines  when  injected  into  the  veins, 
than  when  administered  by  the  stomach  (Leblanc  et  Faivre).  Most  of 
the  absorbed  veratrine,  sooner  or  later,  finds  its  exit  by  the  kidneys,  so 
that  the  urine  of  poisoned  animals  (rabbits)  has  been  found,  on  concentra- 
tion, productive  of  the  characteristic  effects  towards  frogs  (Prevost). 
Elimination  is  apparently  only  completed  after  a  considerable  lapse  of 
time.  Frogs  evidence  the  effect  of  the  drug  in  their  muscles  days  after 
administration,  and  the  enduring  action  often  seen  in  mammals  probably 
indicates  the  continued  presence  of  the  poison  in  the  tissues.  In  birds 
the  effect  of  veratrine  is  also  apt  to  be  long  continued  (Guttmann). 

Frogs. — After  a  frog  has  received  a  large  sublethal  dose  of  veratrine 
under  the  skin,  it  may,  by  its  excited  movements  on  the  one  hand,  or 
by  its  quiescence  in  a  contorted  posture  on  the  other,  show  evidence  of 
the  local  irritant  effect  of  the  alkaloid.  The  quiescence  is  due  to  an 
inhibition,  and  during  its  continuance  reflex  movements  are  scarcely  to 
be  elicited.  A  free  dilution  of  the  alkaloid,  or  the  use  of  one  of  its 
salts,  such  as  the  hydrochlorate,  much  reduces  the  local  effect.  Unrest, 
with  gaping  of  the  mouth  suggestive  of  retching,  and  occasional  fibrillation 
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(more  usual  in  summer  than  winter),  especially  in  the  forearms  and  trunk 
muscles,  may  be  witnessed.  Spontaneous  movement  becomes  more  limited 
and  stiff  er  in  character,  the  animal  crawling  in  a  toad -like  manner  rather 
than  springing  ;  though,  if  irritated,  or  occasionally  spontaneously,  it  may 
spring  with  surprising  power  ;  on  alighting,  instead  of  the  hind-legs  being 
drawn  up  in  position  for  a  second  effort,  they  are  fully  extended  in  the  line 
of  the  body  in  a  stiff  fashion,  with  obvious  muscular  rigidity  and  prominence, 
and  powerful  tensing  of  the  swim  web.  After  an  interval,  which  may 
last  from  a  few  seconds  to  nearly  a  minute,  according  to  the  stage  of 
poisoning,  the  extensors  (which  are  usually  regarded  as  being  more 
influenced  than  the  flexors,  but  yet  show  a  distinct  veratrine  effect)  are  so 
far  relaxed  that  the  legs  are  drawn  up  to  the  body,  and  a  second  spring  is 
rendered  possible.  If  the  animal  can  be  induced  to  spring  several  times, 
the  veratrine  effect  is  clearly  diminished,  but  only  temporarily,  as  it 
reappears  after  rest.  In  this  condition,  without  any  important  modifica- 
tion, the  frog  may  remain  for  days,  the  muscles  gradually  assuming  their 
usual  manner  of  relaxation.  It  is  interesting  to  note,  an  observation 
which  we  have  not  seen  recorded,  that  the  limited  muscular  movement 
(crawling)  to  which  the  veratrinised  frog  generally  restricts  itself,  in  a 
seemingly  purposeful  manner,  seldom  develops  the  veratrine  muscular 
spasm ;  neither  do  the  movements  of  the  respiratory  muscles,  at  a  time 
when  the  limb  muscles  are  much  affected. 

Whilst  marked  slowing  of  the  heart  impulse  and  impairment  of 
respiration  may  follow  the  sublethal  dose,  an  amount  of  veratrine  over 
the  toxic  proportion  rapidly  abolishes  respiratory  movement,  the  general 
reflexes,  and  the  cardiac  contraction,  whilst  greatly  reducing  muscular 
contractility. 

Peripheral  motor  system. — The  peculiar  response  of  the  veratrinised 
frog's  muscle  to  a  single  induction  shock,  has  in  its  form  some  features  of 
similarity  with  a  tetanic  contraction,  but  there  are  also  many  points  of 
dissimilarity.  The  results  of  rheoscopic  and  telephonic  tests  have  been 
regarded  as  indicating  the  simple  nature  of  this  contraction,  but  the  fact 
that  the  heat  production  of  a  veratrinised  muscle,  contracting  in  response 
to  a  single  shock,  approximates  to  that  of  a  tetanised  muscle  (Fick  and 
Bohm),  whilst  the  electrical  response  is  similar  to  that  resulting  from 
frequently  renewed  stimulation,  are  arguments  for  a  tetanic  condition. 
The  condition  doubtless  resembles  tetanus  in  some  of  its  features,  but 
it  has  to  be  proved  that  it  is  a  true  tetanus.  Eigor  is  not  an  element 
in  the  muscular  reaction,  though  this  condition  develops  sooner  after  ex- 
citability has  disappeared  in  the  veratrinised  than  in  the  normal  muscle 
(Waller).  The  peculiar  curve  of  the  veratrine  muscle  (v.  Bezold — Provost) 
shows  a  primary  contraction,  which  develops  rapidly  as  in  the  normal  muscle, 
but  to  a  greater  extent,  usually  but  not  invariably  separated  by  a  check, 
suggestive  of  the  maximum  having  been  reached,  from  the  further  or 
secondary  contraction  which  may  be  even  more  extensive  than  the  primary, 
the  two  together  being  frequently  from  twice  to  thrice  the  normal.  The 
decline  or  relaxation  thereafter  occurs  more  or  less  gradually,  twenty  to 
forty  seconds  often  elapsing  before  the  abscissa  is  regained  by  the  record- 
ing lever.  This  relaxation,  which  tends  to  proceed  more  gradually  as  the 
extending  muscle  approximates  to  its  original  length,  may  occasionally  be 
distinctly  wave-like,  or  rhythmical  in  character ;  complete  relaxation  of  the 
first  contraction  may  be  observed  at  times  before  the  second  commences. 
The  characteristic  contraction  is  witnessed  both  after  direct  and  indirect 
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stimulation  by  a  single  opening  galvanic  shock — the  muscle  showing  much 
indifference  at  first  to  further  stimulations,  which  fall  before  relaxation  is 
well  advanced  ;  but  ultimately  such  stimulations  (especially  when  delivered 
to  the  nerve)  are  followed  by  contractions  showing  a  diminishing  veratrine 
effect,  so  that  the  muscle,  relaxing  rapidly,  is  ready  in  the  fraction  of  a  second 
to  respond  again.  A  pause  favours  the  return  of  the  characteristic  contrac- 
tion. Reduction  of  the  surrounding  temperature  to  8°  to  10°  C.  greatly 
reduces  the  veratrine  effect,  and  may  permanently  abolish  it,  whilst  warm- 
ing up  to  18°  to  22°  C.  exaggerates  the  condition  (Brunton  and  Cash). 

Curare  when  previously  administered  does  not  affect  the  peculiar  form 
of  contraction  obtained  on  direct  stimulation.  The  action  of  veratrine, 
as  manifested  by  the  remarkable  sequence  to  the  spring  of  the  frog,  is 
referable  exclusively  to  its  effect  upon  muscular  tissue.  Increase  of 
excitability  and  of  tonus  or  contracture  (Tiegel)  are  important  elements  in 
this  action. 

Circulation. — The  beats  of  the  veratrinised  frog's  heart,  after  an  initial 
acceleration,  may  be  quite  suddenly  reduced  to  one-half  of  the  original 
number  (Bdhrn).  A  prolongation  of  the  systolic  phase  and  delay  in  reaching 
full  diastole  are  observable  for  a  time  in  the  course  of  poisoning,  the  heart 
beating  with  great  strength  and  regularity.  Such  changes  are  best  demon- 
strated by  perfusion  of  the  separated  organ,  which  permits  exact  regulation 
of  the  dose  of  alkaloid.  Towards  this  modification  of  the  heart's  action, 
not  only  is  potassium  but  also  calcium  antagonistic  (Ringer).  Irregularity 
or  inco-ordination  of  the  ventricular  systole,  with  very  imperfect  diastole, 
may  follow  large  doses  (Ringer,  Lissauer),  the  ultimate  arrest  being  usually 
systolic  in  character  (Prcvost  and  Hirt,  Karewski). 

The  heart  of  the  embryonic  chick,  at  a  time  anterior  to  the  develop- 
ment of  inhibitory  apparatus,  is  accelerated  by  medium  doses  of  veratrine, 
if  the  temperature  is  raised  above  30°  C.,  but  larger  doses  slightly  reduce 
the  number  of  contractions  (Pickering).  It  is  evident  that  variations  in 
temperature,  probably  by  modifying  metabolism,  greatly  alter  the  effect  of 
veratrine  here  as  well  as  in  frog's  muscle  (Brunton  and  Cash)  and  the 
frog's  heart  (Einger).  Bezold  also  observed  that  winter  frogs  were  more 
resistant  to  veratrine  than  were  summer  frogs.  The  veratrinised  frog, 
whilst  separating  carbonic  acid  freely,  appears  to  assimilate  relatively 
and  absolutely  less  oxygen  than  the  normal  animal. 

Mammals.  —  The  hypodermic  administration  of  a  barely  lethal  or 
large  sublethal  dose  of  veratrine  is  followed,  if  the  solution  is  well 
diluted,  by  only  moderate  evidence  of  irritation.  Chewing  movements 
precede  salivation,  which  is  more  persistent,  though  less  extensive,  than 
that  attending  the  action  of  aconitine.  Retching  (occasionally  proceeding 
to  emesis,  in  animals  capable  of  that  act),  and  defecation,  twitching  of 
tail,  ears,  and  muscles  of  trunk,  increasing  motor  paralysis,  great  slowing  of 
the  heart  and  of  the  respiration,  are  observed.  Spasm  may  occur  from 
time  to  time,  and  is  obviously  associated  with  the  imperfect  respiratory 
movements.  The  pupil,  contracted  at  first,  dilates  as  dyspnoea  increases. 
Consciousness  is  retained,  except  during  the  occurrence  of  severe  dyspnoeal 
spasms.  If  the  animal  is  kept  in  a  warm  atmosphere,  the  fall  of  body 
temperature  only  amounts  to  1°  or  2°  C.,  but  in  pyrexia  a  much  greater 
fall  is  attributable  to  reduction  of  oxidation  in  the  tissues  (Valentine)  and 
to  the  circulatory  collapse.  After  hyperlethal  doses,  Van  Praag  saw 
fixation  of  the  eyeballs,  stiffness  of  neck  and  limbs,  breaking  down  into 
violent  muscular  jerkings  and  convulsive  movements,  sensory  stimulation 
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no  doubt  contributing  to  the  effect  of  altered  muscular  contraction  and 
impending  respiratory  failure. 

In  man,  inhalation  by  the  nostril  of  the  smallest  trace  of  veratrine  will 
cause  violent  and  enduring  sneezing,  with  active  mucous  secretion,  a  fact 
utilised  in  fortifying  snuffs  in  former  times. 

Locally  applied  to  the  skin  in  unguent  form,  tingling  and  numbness 
followed  by  coldness,  and  a  sensation  of  enlargement,  is  produced,  and  lasts 
for  many  hours.  The  writer  has  seen  only  a  moderate  degree  of  local 
anesthesia  produced  by  inunction  of  the  temporal  region  by  1  to  10 
veratrine  ointment,  the  eesthesiometer  revealing  slight  impairment  in 
appreciation  of  contact,  but  thermic  perception  was  much  depressed,  and 
remained  so  for  six  or  eight  hours. 

Veratrine  given  hypodermically  causes  violent  burning  pain,  soon 
yielding  to  numbness  (Lafargue).  A  sensation  of  tingling  or  scratching 
in  the  soft  palate  and  pharynx,  with  uneasiness  and  colicky  pains  in 
the  stomach,  follows  a  dose  of  O'OOo  grm.  Salivation  with  extreme  nausea 
may  develop,  if  the  dose  exceeds  O'Ol  or  O02  (Esche),  into  active  vomit- 
ing and  purgation,  the  dejecta  containing  much  mucus.  The  pulse  rate 
and  arterial  tension  are  reduced,  respiration  is  slowed;  the  individual 
is  weak,  limp,  and  miserable  in  the  extreme.  The  lethal  dose  of  this 
irritant  body  towards  man  is  not  ascertained,  but  it  must  be  considerable, 
as  it  is  not  much  less  than  0'2  grm.  for  a  large  dog.  In  one  of  the  few 
recorded  cases  of  partial  poisoning,  Massenmann  saw  no  serious  symptoms 
after  O08  grni.  of  veratrine  ;  but  as  chloroform  and  olive-oil  were  associated 
with  it,  the  toxic  action  of  the  alkaloid  was  no  doubt  reduced. 

Alimentary  canal. — To  the  irritant  action  of  veratrine  in  the  aliment- 
ary canal,  causing  contraction  of  the  hollow  viscera,  increased  secretion 
of  the  mucous  glands  is  superadded.  The  irritation  acts  reflexly  upon  the 
heart,  through  the  vagus,  slowing  its  rhythm. 

Circulation. — The  pulse  rate  of  mammals,  after  transitory  acceleration, 
may  be  reduced  to  one-half  by  large  though  sublethal  doses  of  veratrine 
(Bezold  and  Hirt);  and  as  only  slight  quickening  follows  vagotomy  or 
administration  of  atropine,  the  action  appears  to  be  referable  not  only  to 
a  central  vagus  inhibition,  but  also  to  a  depression  of  the  motor  apparatus 
within  the  heart.  In  man,  especially  if  the  alkaloid  is  given  during  febrile 
acceleration  of  the  heart,  a  reduction  of  twenty  beats  or  more  per  minute 
may  result  from  a  medicinal  dose,  but  the  slowing  is  uncertain  in  duration. 
A  fall  to  one-half  the  original  number  has  been  witnessed  in  pyrexia  as 
a  result  of  readministration.  Though  the  reduced  blood  pressure  is  attri- 
butable to  the  slowed  heart,  another  active  contributory  cause  is  to  be 
found  in  the  reduction  of  vascular  tone  throughout  the  body.  Lissauer 
regards  this  as  chiefly  due  to  paralysis  of  the  vasomotor  centre. 

Respiration. — Veratrine  in  small  doses  accelerates  and  then  slows  the 
respiration,  but  after  a  large  dose  slowing  is  the  main  effect,  whether  the 
vagi  are  divided  or  not.  Bezold  and  Hirt  regard  the  sensory  vagus 
origins  in  the  lung  as  at  first  excited  and  then  depressed  by  large  doses, 
whilst  the  respiratory  centre  is  affected  in  the  same  way.  After  large 
though  sublethal  doses,  the  writer  has  seen  the  respiratory  movements  of 
rabbits  fall  to  one-third  of  their  normal,  with  concurrent  slowing  of  the 
pulse.  Occasional  dyspnoeal  spasms,  during  which  the  pupils  dilate  and 
consciousness  may  be  temporarily  lost,  are  witnessed  in  the  course  of 
prolonged  poisoning.  Veratrine  produces  death  from  failure  in  con- 
tractility of  the  respiratory  muscles,  to  which  depression  of  the  medullary 
12 
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centre  is  contributory.  Artificial  respiration  may  prolong  life,  but,  as  the 
effect  of  veratrine  is  long  continued,  it  is  not  to  be  anticipated  that  the 
affected  organs  will  quickly  resume  their  normal  functions. 

Central  nervous  system. — There  is  no  satisfactory  evidence  that  the 
higher  functions  of  the  brain  are  suspended  or  even  materially  impaired 
by  veratrine,  excepting  as  a  temporary  condition  arising  from  the  supply  of 
non-oxygenated  blood,  or  the  prevalence  of  a  very  low  pressure  in  the 
vessels.  Spasms  more  or  less  violent  are  mainly  due  to  the  same  cause  or 
causes,  rather  than  to  direct  central  stimulation,  although  the  contention  of 
Lissauer  and  others,  that  large  doses  may  directly  originate  spasm  has  not 
been  satisfactorily  disproved.  An  animal  no  longer  able  to  stand  may 
show,  when  touched,  a  quasi-hyperaesthetic  and  slightly  spasmodic  con- 
dition, as  a  result  of  the  altered  manner  of  contraction  of  the  muscles. 
It  is  uncertain  whether  there  is  central  impairment  of  sensory  per- 
ception. 

Peripheral  motor  system. — Whilst  in  man  the  characteristic  effect  of 
veratrine  on  muscular  contraction  has  not  been  witnessed,  this  has  been 
observed  in  certain  animals  (Van  Praag  and  Guttmann,  Rossbach  and  Harte- 
neck),  and  carefully  recorded  by  Eossbach.  Great  amplification  (to  twice 
or  thrice)  of  the  normal  contraction  of  rabbit's  muscle,  as  elicited  by  direct 
or  indirect  stimulation,  follows  hypodermic  injection  of  veratrine,  the 
excitability  being  clearly  increased.  Cevallo  and  Weiss  also  demonstrate 
the  occurrence  of  veratrine  effect  (lengthening  of  curve,  development  of 
second  summit)  for  both  the  white  and  red  muscles  of  the  rabbit,  though 
the  reactions  of  the  former  are  more  characteristic  than  of  the  latter.  In 
their  experience  a  small  dose  increases  the  extent  of  contraction,  but  a 
medium  dose,  such  as  0'00125  grm.  per  kilo,  given  at  one  time,  is  necessary 
to  produce  the  second  summit,  succeeded  by  retarded  relaxation. 

So  active  is  veratrine  in  restoring  the  contraction  of  wearied  muscle 
(Rossbach),  and  of  increasing  the  contractile  effort  of  untired  muscle,  that 
it  has  been  suggested  as  antidotal  to  fatigue,  and  as  a  means  for  producing 
a  degree  of  movement  otherwise  impossible.  There  is  every  indication 
that  the  ability  for  the  performance  of  work  is  increased  by  moderate 
doses  of  veratrine,  whilst,  concurrently,  excitability  is  augmented. 
Whether  the  augmentation  of  strength  is  referable  to  increase  in  chemical 
processes  (Overend),  to  heightened  excitability  in  muscular  fibre 
(Mendelssohn),  or  to  greater  formation  of  contraction  products  which  affect 
the  after  course  of  relaxation  (Bohm  and  Tick),  is  not  yet  finally  deter- 
mined. Large  doses,  or  a  frequent  repetition  of  small  doses,  destroy  either 
quickly  (Kolliker)  or  slowly  the  contractility  of  muscle,  and  thereby  the 
separation  of  the  poison  from  its  loose  combination  in  muscle  substance, 
which  seems  to  follow  contraction,  is  rendered  impossible. 

An  accelerated  but  transitory  lymphagogue  action  of  veratrine 
(Merunowicz),  like  that  occasioned  by  nicotine  and  muscarine,  is  probably 
attributable  to  the  enhanced  activity  of  the  intestinal  walls. 

Other  derivatives  of  cevadilla  seeds. — Cevadine  and  cevadilline  are 
in  the  main  similar  to  veratrine  in  their  action  (Lissauer),  and  require 
no  special  consideration  here. 

Synergists  to  veratrinei. — Green  hellebore,  and  to  a  limited  extent, 
aconitine. 

Antagonists  to  veratrine. — No  perfect  antagonist  is  known.  Opium 
opposes  the  effect  of  veratrine,  in  so  far  as  it  is  irritant,  but  it  does  not 
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oppose  the  respiratory  depression,  which  it  rather  enhances.  Tannic  acid 
is  of  some  use  as  a  chemical  antidote. 

Therapeutics. — Cevadilla  seeds  were  used  towards  the  end  of  the 
eighteenth  century  as  an  antiparasitic  remedy,  and  by  mischance  produced 
toxic  symptoms  on  more  than  one  occasion  (Plenck,  Lentin),  whilst  Magendie 
employed  an  impure  veratrine  in  1820;  but  it  was  mainly  owing  to  the  work 
of  two  British  observers,  Bardsley  and  Turnbull,  who  recognised  the  sphere 
of  action  for  the  drug,  that  veratrine  obtained  a  footing  during  the  third 
decade  as  a  therapeutical  agent.  It  was  used,  in  the  first  instance,  mainly 
externally  for  the  relief  of  neuralgic  pain,  but  subsequently  Turnbull  gave 
it  freely  and  successfully  by  the  mouth,  both  for  this  purpose  and  as  a 
vascular  sedative  in  inflammatory  conditions.  In  Germany,  confirmatory 
results  were  obtained  by  Ebers  and  Forcke,  whilst  it  was  employed  to 
promote  recovery  of  movement  in  local  paralysis  (Eoell).  Inunction  of 
the  temple,  first  recommended  by  Turnbull  in  amaurosis,  was  carried  out 
by  Knapp  and  Lafargue,  the  latter  also  curing  cases  of  obstinate  neuralgic 
and  local  paralysis  by  inoculations  with  veratrine  pastes.  Active  contrac- 
tion of  the  gall  and  urinary  bladders  were  ascribed  to  the  drug  (Gebhard), 
but  its  use  as  a  diuretic  was  not  found  satisfactory.  Amongst  French 
physicians,  Trousseau  supported  the  use  of  veratrine,  though,  like  Turnbull, 
and  Amier  before  him,  he  had  occasionally  to  abandon  it,  owing  to  the 
irritation  produced  in  the  primne  vise  and  the  excessive  circulatory  depres- 
sion. Aran  and  also  Van  Praag  used  veratrine  with;  much  success,  the 
former  in  pneumonia,  the  latter  giving  doses,  in  prosopalgia  to  the  extent 
of  0-0034  grm.  thrice,  and  in  lumbago  G'017  grm.  twice  daily.  Whilst  most 
physicians  had  advocated  the  use  of  veratrine  in  large  doses,  Van  Praag 
stated  that  he  was  successful  in  treating  neuralgias  with  such  restricted 
amounts  as  occasioned  only  a  slight  fall  in  the  pulse  rate. 

Amongst  inflammatory  conditions,  pneumonia  was  regarded  as 
peculiarly  under  the  control  of  veratrine,  the  pulse  slowing  and  the 
temperature  falling  1  or  2  degrees  (Ouhnont).  Such  medication  was 
occasionally  pressed  until  the  patient  would  tolerate  the  pain  of  injection 
and  general  discomfort  no  longer.  In  acute  articular  rheumatism  the 
remedy  was  employed  successfully,  Bouchut  regarding  veratrine  as  a 
genuine  specific,  especially  in  the  treatment  of  children.  He  succeeded, 
by  regulating  the  dose,  in  producing  a  sedative  vascular  effect  without 
causing  the  usual  disturbance  of  the  alimentary  canal. 

External. — In  neuralgias  (facial,  intercostal,  and  lumbar),  inunction  of 
veratrine  ointment  may  yield  very  satisfactory  temporary  and  even  per- 
manent benefit.  Long-standing  and  obstinate  cases  may  submit  themselves 
to  this  treatment,  but  recurrence  of  pain,  especially  when  structural 
changes  are  in  progress,  is  to  be  anticipated.  Pain  of  obviously  rheumatic 
origin  is  occasionally  found  to  submit  to  the  same  method  of  treatment. 
Provided  that  the  skin  be  sound,  stronger  preparations  than  that  of  the 
B.P.,  say  up  to  TOO  to  lO'O  of  veratrine  with  oleic  acid  or  oleic  acid  and 
lard,  should  be  employed  before  the  treatment  is  abandoned.  If  the 
patient  is  directed  to  expose  the  part  to  warmth,  after  inunction,  the 
action  will  be  accelerated  and  intensified,  but  no  lasting  irritation  has 
been  seen  by  the  author  to  follow  the  protracted  use  of  such  application. 
The  depression  of  function  of  sensory  nerve-endings  is  less  in  degree  and 
shorter  in  duration  than  when  aconitine  ointments,  having  only  a  quarter 
of  the  alkaloidal  strength,  are  employed. 

Internal.  —  It   is   but   rarely  that   the   internal   use   of   veratrine  is 
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advisable.  As  an  emetic  and  purgative  its  place  is  now  taken  by  a  number 
of  safer  and  more  manageable  remedies,  whilst  its  antiphlogistic  effect  is 
seldom  appealed  to,  inasmuch  as  doses  which  slow  the  heart  and  reduce 
vascular  tension  (O'OOS  to  0'02  grm.)  are  distinctly  irritant  in  most  cases  to 
the  alimentary  canal,  and  may  cause  collapse.  Opium  partially  counteracts 
this  undesirable  effect.  The  use  of  veratrine  should  in  any  case  be  strictly 
confined  to  stheuic  cases.  As  an  antipyretic  simply,  it  is  not  to  be  thought 
of.  As  a  muscular  stimulant,  veratrine  in  very  small  doses  might  strengthen 
and  slow  the  ventricular  systole  in  feeble  conditions  of  the  heart-muscle,  . 
and  control  palpitation  (Fothergill)  unaccompanied  by  valvular  lesion,  but 
it  is  not  to  be  recommended.  Larger  doses  are  depressant,  and  on  this 
account  Bitot  advocates  the  use  of  the  alkaloid  in  functional  hyper- 
trophies. Intramuscular  injections  of  veratrine  in  localised  paralysis  is 
occasionally  beneficial.  Blodau  even  advises  it  in  cramp  of  large  muscle 
groups.  Muscular  tremor,  in  cases  attributable  to  sclerosis  and  alcoholism, 
is  benefited,  according  to  Feris,  by  the  continued  administration  of  0'0005 
grm.  doses.  Such  an  amount  might  increase  excitability,  but  would 
scarcely  affect  the  contraction. 

In  the  treatment  of  severe  and  obstinate  neuralgias,  which  have  re- 
sisted other  treatment,  veratrine  has  occasionally  proved  of  great  value. 
Doses  of  0'002  and  upwards,  by  the  mouth,  or  of  O001  hypodermically, 
may  be  given,  the  repetition  of  dosage  depending  on  the  effect  produced 
and  the  receptivity  of  the  patient.  Koike  gave  as  much  as  0'004  grm. 
hourly,  whilst  carefully  watching  for  the  occurrence  of  gastric  symptoms. 
As  contrasted  with  veratrine,  aconitine  is  the  more  reliable  alkaloid  for 
internal  administration  in  severe  forms  of  neuralgia. 

The  Unguentum  Veratrinse  (B.P.)  contains  2  per  cent,  and  that  of  the 
U.S.P.  4  per  cent,  of  the  mixed  alkaloids,  but  the  proportion  may  in  some 
cases  be  increased  with  benefit  up  to  10  per  cent.  The  U.S.P.  also  has  an 
official  2  per  cent.  Oleatum  Veratrinse.  By  the  mouth,  according  to  the 
purpose  in  view,  0-0005  grm.  to  0'005  may  be  given,  and  cautiously 
increased  perhaps  to  O'Ol  grm.,  but  the  maximum  dose  is  undetermined. 
The  larger  dose  will  cause  physiological  symptoms,  and  should  be  combined 
with  opium.  Veratrine  should  be  given  in  coated  pills,  in  capsules,  or 
well  diluted  with  powdered  gum,  or,  if  in  mixture,  with  almond-oil  or 
mucilage,  in  order  to  reduce  its  local  irritant  action.  It  may  be  dissolved 
in  water  with  the  aid  of  hydrochloric  acid. 

Hypodermically,  commence  with  0-0005  and  proceed  cautiously  to 
0-005  grm.  The  maximal  dose  is  not  determined,  and  this  mode  of 
administration  is  not  recommended,  in  view  of  the  severe  local  irritation 
it  occasions. 
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MUSCAKLNE. 

THIS  substance  is  not  official  in  either  the  British  or  the  United  States 
Pharmacopoeia. 

The  tiy  agaric  (Amanita  muscaria)  has  been  long  recognised  as  an 
active  member  of  the  poisonous  group  of  fungi.  Orfila  cites  authors  who 
recorded  cases  of  chance  poisoning  by  it,  a  century  before  his  book  was 
written.  The  wide  distribution  of  this  agaric  throughout  Europe  and 
Asia,  as  well  as  the  lack  of  discrimination  which  has  permitted  its  sub- 
stitution for  edible  fungi,  are  answerable  for  many  cases  of  poisoning 
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(Orfila,  Roques).  The  pileus  of  bright  scarlet  with  its  yellowish  warts, 
bulbous  stem,  aud  disagreeable  odour,  separates  the  poisonous  agaric  so 
obviously  from  the  only  edible  mushroom  (Agaricus  campestris),  much  used 
in  this  country,  that  it  is  not  in  Britain,  but  especially  in  Italy  and  France, 
where  harmless  mushrooms  (amongst  them  the  Agaricus  aurantiacus),  having 
some  resemblance  to  the  fly  agaric,  are  in  high  esteem,  that  misadventures 
have  occurred.  It  appears,  however,  that  in  Siberia  and  Kamtschatka 
(Krascheminckrow)  this  agaric  is  sought  and  prized  on  account  of  its 
intoxicating  properties,  and  it  is  further  sold  to  the  Korekis  and  other 
peoples  who  cannot  otherwise  obtain  it.  The  fungus  is  preserved  by  ex- 
posure to  warmth,  or  its  collection  is  postponed  until  it  has  dried  up  in  the 
ground.  It  is  swallowed  as  a  bolus,  or  a  drink  is  manufactured  from 
it  into  which  epilobium  or  whortleberry  juice  (Crooke)  may  be  introduced. 
Small  amounts  raise  the  spirits  and  "  increase  the  courage  "  as  after  alcohol, 
whilst  full  indulgence  is  followed  by  giddiness  with  exaltation  and  joyous 
delirium,  succeeded  by  a  deep  sleep  or  narcosis.  The  effects  produced  in 
those  habituated  are  not  unlike  those  following  hashish,  especially  in  the 
loss  of  all  just  appreciation  of  size  and  proportion  of  surrounding  objects, 
a  teaspoonful  of  water  appearing  like  a  lake,  a  small  hole  as  a  great  pit ; 
occasionally  melancholy  madness  or  homicidal  mania  follows  indulgence  in 
the  fly  agaric  (Krascheminckrow). 

Whilst  Eoques  maintains  that  the  fresh  fungus  is  equally  poisonous 
wherever  found,  it  is  interesting  to  note  that  the  symptoms  of  acute 
poisoning  in  which  vertigo,  weakness,  sweating,  colic  and  vomiting, 
associated  with  great  depression  and  occasional  delirium  are  conspicuous, 
differ  not  a  little  from  the  purposeful  intoxication  of  the  natives  of 
Kamtschatka.  How  far  habituation  on  the  part  of  the  individual,  or 
variation  in  the  manner  of  preparation  of  the  fungus,  may  modify  the 
toxic  effect,  is  not  certain,  but  probably  both  factors  are  operative. 

Active  principles  of  the  fly  agaric. — Although  a  principle,  amanitine, 
having  alleged  narcotic  properties,  appears  (Schmiedeberg  and  Harnack)  to 
be  present  in  the  fly  agaric,  as  well  as  in  the  Amanita  bulbosa,  in  which  it 
was  first  recognised  in  1866  by  Letellier  and  Speneux,  it  is  to  the  basic 
body  muscarine,  separated  and  named  by  Schmiedeberg  and  Koppe  in  1869, 
that  the  main  action  of  the  former  fungus  is  due.  The  formula  N(CH3)3, 
C2H5O2.OH  has  been  attached  to  muscarine,  which  shows  it  to  be  closely 
related  to  cholin  N(CH3)3C2H5O.OH,  of  which  it  is  the  oxidation  product. 
This  relationship  has  been  further  supported  by  the  production  of  a  body 
synthetically  (by  oxidising  cholin  chloride  by  means  of  nitric  acid),  which 
is  regarded  by  Schmiedeberg  as  identical  with  the  muscarine  of  the  fly 
agaric.  Though  this  substance  produces  a  very  similar  action,  it  has  a 
lower  degree  of  activity  than  the  natural  alkaloid. 

Another  principle,  which  is  atropine-like  in  action,  and  in  so  far  opposed 
to  muscarine,  appears  to  be  present  occasionally  in  the  fly  agaric 
(Schmiedeberg),  as  well  as  a  small  proportion  of  cholin. 

Muscarine  is  a  highly  alkaline  syrupy  body ;  not  crystalline  in  the 
air,  usually  slightly  yellowish  in  colour,  and  having  a  faint  odour.  It  is 
soluble  in  water  and  alcohol,  slightly  so  in  chloroform,  insoluble  in  ether 
(Husemann).  It  forms  salts  of  which  the  nitrate  has  been  chiefly  used 
in  treatment. 

Pharmacology.  —  Absorption  and  elimination.  —  When  the  fly 
agaric  is  swallowed  either  in  the  fresh  or  dried  condition,  absorption  takes 
place,  and  remote  effects  supervene,  according  to  the  amount  taken  and 
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to  the  condition  of  the  stomach  at  the  time  of  ingestion.  Intoxication  may 
follow  within  an  hour  of  swallowing,  though  a  greater  delay  is  possible. 
Muscarine  is  speedily  absorbed  when  given  hypodermically,  and  it  acts 
more  rapidly  than  the  fungus  itself,  when  administered  by  the  stomach. 

Elimination  of  muscarine,  and  probably  of  other  principles  which  may 
accompany  it,  by  the  kidneys  is  slowly  accomplished.  When  taken  by 
the  natives  of  Kamtschatka,  the  day  after  intoxication,  and  even  the  day 
but  one  after,  the  urine  passed  is  still  capable,  when  swallowed  by  another 
individual  to  the  extent  of  a  cupful,  of  producing  the  characteristic 
drunkenness.  In  this  way,  especially  when  the  supply  of  dried  agaric  is 
low,  a  cheap  intoxication  is  frequently  procured.  This  proceeding  clearly 
shows  that  when  debauch  is  the  object,  deterrents  lose  all  value.  It  is 
recorded  that  flesh  prepared  from  reindeer  which  have  shortly  before  eaten 
the  fly  agaric,  will  cause  poisoning  in  those  partaking  of  it  (Losel). 

Invertebrates. — On  drying,  the  fly  agaric  ceases  to  be  fatal  to  flies,  but 
its  characteristic  action,  due  to  muscarine  and  amanitine,  is  retained. 
Cardiac  arrest  is  the  main  effect  of  muscarine  on  invertebrates,  as  it  is 
on  vertebrate  animals.  The  snail's  heart  stops  in  diastole  (Vulpian),  and 
the  heart  of  the  octopus  shows  gradual  decline  in  muscular  excitability, 
a  diastolic  arrest  ensuing  (Ransome).  The  heart  of  the  leech,  worm,  and 
larvw  of  ephemera  are  said  to  be  unaffected  by  muscarine  (Kobert). 

Frogs. — The  main  effects  of  muscarine  upon  the  frog  are  referable 
to  the  cardiac  changes  produced,  and  these  vary  according  to  the  manner 
and  extent  of  administration.  Direct  contact  of  the  poison  with  the 
heart,  the  brain  having  been  destroyed  and  the  thorax  opened,  may  be 
followed  by  changes  in  rhythm  as  well  as  in  the  strength  of  systole ; 
ultimately,  the  dose  sufficing,  the  character  of  the  beat  becomes  increasingly 
diastolic,  arrest  in  dilatation  ensuing.  Much  difference  of  opinion  exists  as 
to  the  conditions  prior  to  arrest.  A  weakening  of  the  systole,  with  or 
without  a  reduction  in  rate,  is  described  by  Harnack  and  confirmed  by 
Klug ;  small  doses  have  been  seen  to  accelerate  before  slowing  the  heart. 
Gaskell  slowed  the  heart  by  applying  muscarine  exclusively  to  the  sinus, 
a  more  extensive  application  resulting  in  a  weakened  systole,  and  inter- 
ruption of  the  ventricular  sequence  on  auricular  action,  the  rate  being 
otherwise  unaltered.  If  contact  is  limited  to  a  small  area  of  the  ventricle, 
this  portion  beats  more  feebly  than  surrounding  parts,  and  then  bulges  in 
local  diastole  (Langley).  On  the  other  hand,  contact  of  a  very  small 
amount  of  muscarine  has  been  made  without  impairing  the  force  of 
contraction  (I)urdufi),  whilst  the  ability  for  work  may  be  even  increased 
(Williams  and  Kobert). 

Arrest  of  the  auricle  prior  to  that  of  the  ventricle  (Jordan,  Sokoloff), 
and  a  diminution  in  the  elasticity  of  the  heart  wall  (Gaskell,  Cushny),  have 
been  recognised  as  characteristic  effects  of  muscarine.  That  the  irritability 
of  the  apex  is  not  reduced,  is  inferred  from  the  experiments  of  Bowditch 
and  Harnack  with  the  frog's  heart.  It  is  to  be  borne  in  mind  that  the 
strong  alkalinity  possessed  by  many  specimens  of  muscarine  may  itself 
produce  depression.  The  ultimate  muscarine  standstill  in  diastole  may 
be  interrupted — the  dose  not  having  been  too  large — by  electrical  stimula- 
tion, which  causes  an  immediate  systole,  both  auricles  and  ventricles 
contracting  (Bdhni),  though  no  spontaneous  pulsation  follows.  A  restora- 
tion of  the  spontaneous  activity  of  the  heart  is,  however,  produced  by 
atropine  (Schmiedeberg),  which  in  this  and  other  respects  proves  an 
effective  antidote  to  the  poisonous  fly  agaric.  The  restoration  of  the 
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muscariiiised  heart  to  activity  by  repeating  the  same  application  (Luch- 
singer  and  Peters),  is  probably  due,  as  suggested  by  Schmiedeberg,  to  the 
presence  of  an  atropine-like  base  in  the  preparation  used.  The  vagus 
in  the  main  retains  its  activity  whether  inhibitory  or  accelerating;  an 
occasional  beat  of  the  quiescent  heart  may  even  follow  its  stimulation 
(Alison,  Jordan).  It  is  believed  by  many  that  the  vagus  connections 
within  the  heart,  far  from  being  depressed  in  function,  are  powerfully 
stimulated  by  muscarine.  The  diastole  arrest  is  one  of  the  few  points 
relative  to  the  action  of  muscariue  on  the  heart  upon  which  observers 
are  in  accord,  but  the  interpretations  of  this  arrest  are  far  from  uniform, 
based  as  they  are  upon  different  conceptions  of  the  nature  of  cardiac 
activity  and  inhibition. 

The  contention  for  a  primary  effect  upon  muscular  elements  is  supported 
by  Luchsinger,  Gaskell,  and  Ransome,  who  deny  that  the  arrest  produced 
is  identical  with  a  vagus  inhibition.  Experimental  proof  is  offered  that 
not  only  in  tortoises  are  the  electrical  phenomena  of  these  occurrences 
different  (Gaskell),  but  that  in  certain  invertebrates  (Helix),  atropine, 
which  does  not  here  paralyse  the  cardiac  vagus,  is  still  capable  of  starting 
the  muscarinised  heart,  whilst  the  heart  of  the  octopus  can  still  be  arrested 
by  muscarine  after  curare  has  paralysed  the  inhibitory  apparatus  (Ransome). 
Schmiedeberg  and  his  followers,  on  the  other  hand,  believe  that  muscarine 
causes  stimulation  within  the  heart  of  nervous  elements,  which  are 
inhibitory  or  vagus-like  in  action.  Towards  these  elements  atropine  is 
paralysant ;  hence  the  antagonism.  Researches  upon  the  embryonic  heart 
have  added  weight  to  this  view.  In  certain  mammals,  in  the  embryonic 
state,  before  the  vagus  has  acquired  its  full  power  over  the  heart,  the  dose 
of  muscarine  necessary  to  arrest  the  organ  is  greatly  in  excess  of  that 
needed  after  the  inhibitory  function  of  the  vagus  has  been  developed. 
This  action,  as  Robert  points  out,  differs  from  that  of  a  true  muscle  poison 
such  as  digitalin,  which  acts  powerfully  on  young  foetal  hearts.  Pickering, 
observing  the  heart  of  the  embryonic  chick,  has  come  in  the  main  to  a 
similar  result. 

Muscarine  in  large  doses  appears  to  affect  every  functional  attribute  of 
the  heart ;  the  muscular  tissue  becomes  more  extensible,  whilst  its  conduct- 
ibility  and  contractility  fail. 

Mammals. — The  action  of  muscarine  on  cats  (Schmiedeberg)  provokes 
the  occurrence  of  retching,  salivation,  vomiting  and  purging,  dyspnoea, 
muscular  weakness  with  twitching,  uncertainty  of  movement,  passing  on 
to  paralysis.  Myosis  is  present.  The  heart,  though  beating  weakly  and 
slowly,  outlasts  the  respiration. 

In  man,  ingestion  of  the  fly  agaric  in  the  fresh  state  occasions  1  turning 
in  the  throat  with  great  thirst ;  colicky  pains  and  pr.iecordial  distress  are 
associated  with  excessive  lachrymation,  salivation,  and  perspiration.  The 
pulse  is  feeble  and  slowed,  the  muscular  strength  greatly  reduced,  the 
vision  dim,  the  pupil  being  contracted.  The  mind  may  be  moderately 
clear,  or  hallucinations  (Mauthner)  and  delirium  may  exceptionally  appear. 
Clonic  and  tonic  spasms  are  equally  rare,  but  stupor  or  narcosis  is  common. 
Vicat  records  a  case  in  which  a  condition  simulating  apoplexy  lasted  for 
several  hours,  and  terminated  favourably,  after  general  convulsions  and 
maniacal  excitement  had  supervened.  Atropine  is  antagonistic  to  every 
effect  produced  by  muscarine. 

Glands. — Sweating  is  a  muscarine  effect  observed  experimentally  in 
animals  (Koppe),  and  it  has  been  witnessed  in  a  limb  after  section  of  the 
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secretory  nerves  (Ott).  Farther,  a  local  injection  of  muscarine  will  cause 
sweating  in  the  foot  of  a  cat  poisoned  by  atropine,  whilst  secretion  is 
suppressed  in  all  other  parts  of  the  body  (Luchsinger  and  Trliuipy).  The 
poison  is  therefore  a  stimulant  to  secretory  nerve  fibres  at  the  periphery. 
A  similar  increase  of  secretion  occurs  also  in  the  salivary  glands.  Even 
after  atropine  has  suspended  secretion,  muscarine  may  restore  it ;  in  this 
case,  however,  the  proportion  of  muscarine  required  is  very  large.  Prevost 
injected  by  the  submaxillary  artery  no  less  than  O'l  to  0'2  grins,  of  a  weak 
preparation  of  the  latter  in  order  to  antagonise  the  effect  of  O'OOl  to  0'005 
grins,  of  atropine. 

Muscarine  increases  the  secretion  of  other  glands,  including  the 
lachrymal,  the  pancreatic,  and  the  intestinal.  The  biliary  secretion  is 
augmented,  but  the  urine  is  diminished  (Prevost). 

Gastro-intestinal  tract — A  slight  degree  of  inflammation  of  the  mucous 
membrane  of  the  stomach  has  been  recognised  after  poisoning  by  the 
fly  agaric,  but  such  observations  are  few,  and  are  opposed  to  others  in 
which  appearances  were  not  indicative  of  irritant  action.  The  move- 
ments of  the  hollow  viscera  are,  however,  rendered  highly  active,  and 
to  their  violent  contraction  the  pain  experienced  is  mainly  referable. 
Schiitz  attributes  the  general  contraction  of  the  stomach  to  a  stimula- 
tion of  motor  nerve-endings,  whilst  the  stormy  or  pseudo-tetanic 
contractions  of  the  intestines  following  injection  of  small  amounts  of 
inuscarine  into  the  mesenteric  artery,  as  well  as  other  modes  of  adminis- 
tration (Pohl,  Prevost),  have  been  referred  to  a  stimulation  of  the 
intestinal  ganglia  (v.  Bezold  and  Blaebauin).  The  flow  of  lymph  is 
temporarily  increased  by  muscarine  (Merunowicz),  probably  from  the  same 
cause. 

Circulatory  system. — There  is  a  general  correspondence  between  the 
action  of  muscarine  on  the  heart  of  frogs  and  mammals,  for  in  the  latter 
the  force  of  systole  is  reduced,  slowing  occurs  (excepting  occasionally  after 
small  doses)  and  some  degree  of  arhythmia  (Weinzweig)  may  appear. 
Slowing  is  also  the  most  usual  variation  in  the  human  pulse.  In  dogs  the 
degree  of  slowing  may  vary  from  a  few  beats  per  minute,  up  to  that 
attained  in  an  experiment  during  which  11  mgrms.  of  muscarine  slowed 
the  heart  from  110  to  10  beats,  the  organ  being  subsequently  recovered 
by  2  mgrms.  of  atropine  (Binz).  Cardiac  failure  may  become  the  prime 
cause  of  death  if  muscarine  is  thrown  rapidly  into  a  vein  near  the 
heart.  The  vagus  endings  in  the  heart  are  not  paralysed  nor  is  the 
accelerator  nerve  affected.  The  earlier  the  stage  of  development  of  the 
fretal  mammal,  the  more  resistant  does  the  heart  prove  towards  muscarine 
(Kobert).  This  observation  has  been  advanced  as  opposed  to  the  view 
that  muscarine  is  mainly  a  muscle  poison,  for  bodies  of  this  group 
act  strongly  on  the  young  foetal  heart.  Vascular  contraction  is  early 
stimulated  by  muscarine,  but  this  is  succeeded  by  relaxation,  due  in  the 
first  instance  to  a  suspension  of  the  action  of  centres,  and  thereafter  to  a 
local  relaxation  of  the  circular  fibres  in  the  vessel  walls  (Hogyes).  Such 
a  condition,  associated  with  the  reduced  activity  of  the  heart,  insures  a 
great  reduction  in  the  general  blood  pressure. 

Respiration. — Acceleration  of  movement  is  succeeded  by  slow  gasping 
respiration,  aggravated  from  time  to  time  by  distinct  dyspntoal  attacks, 
which  appear  to  be  due  to  vasomotor  spasm,  as  indicated  by  pallor 
of  the  pulmonary  vessels  and  a  dilated  state  of  the  right  side  of  the  heart 
(Brunton).  The  respiratory  centre  is  at  first  stimulated,  but  subsequently 
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depressed  ill  function  (Bogosslowski),  and  it  is  to  the  resulting  respiratory 
failure  that  death  after  niuscarine  is  due.  (Edema  of  the  lungs  is  frequent 
in  muscarinised  dogs,  and  is  regarded  by  Grossmaun  as  secondary  to  a 
spasmodic  state  of  the  left  ventricle. 

Temperature. — A  slight  and  inconstant  rise  of  body  temperature  may 
follow  very  small  doses  of  niuscarine,  whilst  medicinal  amounts,  probably 
through  circulatory  and  respiratory  changes,  cause  a  fall  of  1°  to  2  C. 
(Schmiedeberg  and  Koppe). 

Nervous  system. — The  absence  of  cases  of  simple  muscarine  poisoning  in 
man  leaves  it  doubtful  whether,  if  such  a  contingency  arose,  the  delirious  in- 
toxication produced  by  the  flyagaric  would  be  occasioned  by  the  pure  alkaloid. 
That  the  vascular  changes  which  follow  muscarine  poisoning  would  favour 
amemia  of  the  central  nervous  system  with  its  consequences,  is,  however, 
highly  probable  (Bogosslowski).  A  stimulation  of  medullary  centres  followed 
by  a  pronounced  depression  is  no  doubt  present,  and  both  vascular  and 
visceral  motor  nerves  appear  to  be  influenced  by  the  poison.  Peripheral 
nerve  cells  are  believed  by  Langley  and  Dickinson  to  be  by  no  means 
sensitive  towards  muscariiie,  and  the  same  may  be  said  for  motor  and 
sensory  nerves  at  the  periphery,  but  whether  muscular  tissue  is  rendered 
more  excitable,  as  suggested  by  Hogyes,  is  not  fully  determined. 

Vision. — The  instillation  of  muscarine  into  the  eye,  which  causes  no 
great  irritation  of  the  conjunctiva  (Rommel),  is  most  usually  followed  in 
man  and  in  cats  by  contraction  of  the  pupil  (Krenchel).  The  action  is 
not  powerful,  inasmuch  as  0'005  grm.  may  be  required  in  order  to 
produce  any  effect.  Administered  internally,  spasm  of  accommodation  is 
the  primary  effect  of  muscarine,  and  succeeding  this  myosis,  which  may 
last  for  many  hours.  Though  Ringer  and  Morshead  saw  pupillary  con- 
traction in  all  their  patients  who  received  hypodermically  ^  gr.  of  Merck's 
preparation  of  muscarine,  most  observers  are  agreed  that  the  former  effect 
is  the  more  constant,  and  that  it  may  persist  after  small  doses  of  atropine 
have  counteracted  the  myosis.  Krenchel  believes  that  the  position  of 
muscarine  and  physostigmine  with  regard  to  the  pupil  and  accommodation 
is  exactly  reversed.  During  the  muscarine  myosis,  which  has  been 
referred  to  excitement  of  the  sphincter  apparatus,  sympathetic  stimulation 
causes  dilatation.  A  dilatation  of  the  cat's  pupil  may  immediately 
precede  death. 

Synergist. — Pilocarpine  is  the  nearest  ally  of  muscarine  with  which 
we  are  acquainted. 

Antagonists. — Whilst  atropine  is  antidotal  to  five  times  its  dose  of  a 
good  specimen  of  muscarine,  the  reversed  antagonism  is  by  no  means  so 
complete,  though  it  is  maintained  by  Prevost  that  it  exists.  Atropine  is 
best  administered  hypodermically  in  doses  of  O'OOOS  to  O'OOl  grm.,  repeated 
if  necessary.  Digitalin  is  also  regarded  by  Bbhni  as  antagonistic  to  the 
fly  agaric  poison.  Tannic  acid  may  be  given  by  the  mouth  as  a  chemical 
antidote. 

Therapeutics. — No  great  advantage  has  followed  the  attempt  to 
adapt  the  action  of  muscarine  to  therapeutical  requirements. 

External. — Its  alleged  value  in  erysipelas  is  unfounded.  As  a 
relatively  non-irritant  body  of  the  myotic  group,  it  might  find  some 
position  in  ophthalmic  therapeutics,  were  it  not  uncertain  in  action  and 
devoid  of  the  advantages  possessed  by  physostigmine. 

Internal. — As  muscarine  increases  peristalsis  and  favours  secretion, 
it  has  been  suggested  by  Bartholow  as  of  possible  service  in  constipation 
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proceeding  from  reduced  activity  in  the  muscular  fibres  of  the  intestine, 
but  it  has  not  been  sufficiently  tested  in  practice  in  order  to  determine 
its  value  in  this  capacity. 

As  an  antihydrotic,  muscarine  has  been  used  by  a  few  physicians  with 
the  object  of  subduing  the  excessive  sweating  arising  in  hectic  states. 
In  1767,  Haen  recommended  the  use  of  larch  agaric  (A.  albus)  in  hectic 
as  well  as  in  local  sweatings.  Andral,  Trousseau,  and  Probstiug  all  saw 
advantage  from  this  treatment,  whilst  Seifert  recorded  excellent  results 
in  four-fifths  of  his  cases  from  administration  of  agaricin  in  doses  of 
0'02  to  0'004  grrn.  given  immediately  before  the  anticipated  sweating. 
Amongst  physicians  at  home,  Wolfenden  and  Young  have  had  parallel 
successes.  The  action  of  muscariue  is  stated  to  be  more  prolonged  than 
that  of  agaricine.  Murrell,  giving  5  minim  doses  of  a  1  per  cent,  solution 
of  muscarine  extract,  hypodermically.  saw  antihydrotic  action  developing 
mainly  on  the  second  or  third  night  thereafter.  The  dose  was  increased 
to  20  minims  every  third  hour  without  the  production  of  unwished  for 
symptoms.  Further  observation  on  the  action  of  muscarine  of  ascertained 
purity  in  this  condition  is  desirable. 

The  arrest  of  pulmonary  haemorrhage  by  contracting  the  pulmonary 
vessels  has  been  indicated  by  Bartholow  as  a  possible  sphere  of  action  for 
muscarine,  but  he  considers  its  use  as  contra-indicated  by  the  presence  of 
much  secretion.  His  advice,  to  the  effect  that  digitalis  should  be  associated 
with  the  alkaloid,  indicates  but  a  very  modest  anticipation  of  its  utility. 

Muscarine  has  been  spoken  of  as  of  possible  service  in  jaundice  arising 
from  duodenal  catarrh,  for  the  relief  of  portal  congestion,  and  as  a  remedy 
in  diabetes,  but  there  is  a  want  of  satisfactory  clinical  proof  of  the  value 
of  these  suggestions. 

Preparations  and  dose. — Muscarine  from  various  sources  shows  great 
divergence  in  strength,  and  it  is  further  not  a  body  which  is  easily  ob- 
tained, many  chemists  who  place  it  upon  their  lists  being  unable  to  supply 
it.  The  purest  sample,  that  coming  from  Schmiedeberg's  laboratories,  is 
lethal  to  cats  in  doses  of  0'003  to  0'005  grm.  (Lewin),  and  such  a  dose  will 
cause  distinctly  toxic  symptoms  in  man,  so  that  for  therapeutical  purposes 
U'OOl  grm.  would  be  a  sufficient  allowance  of  the  alkaloid  were  it  obtain- 
able. The  specimen  used  by  Prevost  had  only  one-tenth  part  of  the 
strength  of  that  just  spoken  of,  and  it  is  probable  that  this  may  have 
contained  a  second  principle  antagonistic  to  muscarine  in  action.  Murrell 
used  5  minims  of  a  1  per  cent,  solution  of  extract  of  muscarine,  whilst 
of  synthetical  muscarine  (Merck's  preparation)  a  dose  of  J  gr.  (0'023  grm.) 
was  required  to  produce  physiological  symptoms.  This  preparation  is 
obviously  below  that  of  Schmiedeberg  in  activity. 

In  view  of  the  difficulty  of  obtaining  a  muscarine  of  a  uniform  activity, 
great  caution  is  to  be  exercised  if  the  uncombined  alkaloid  is  employed. 
A  nitrate  of  muscarine  is  obtainable  of  which  the  dose  is  given  at  |  to 
|  gr.  (0'023  to  0*034  grm.).  Owing  to  the  slow  elimination  it  undergoes,  it 
must  only  be  repeated  after  a  lapse  of  several  hours,  and  under  cautious 
observation. 
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TOBACCO. 

(U.S.P.) 

TOBACCO  is  not  official  in  the  British  Pharmacopoeia.  It  is  in  .  that  of 
the  United  States,  being  there  called  Tabacum,  and  defined  as  the  com- 
mercial dried  leaves  of  Nicotiana  tabacum.  There  are  no  preparations  of 
it.  Its  most  important  constituent  is  nicotine. 

NICOTINE. 

Characters.  —  The  separation  of  a  toxic  principle  from  the  tobacco 
leaf  may  have  been  accomplished  by  the  Florentines  at  the  end  of  the 
seventeenth  century,  for  Baillard  speaks  of  a  "  quintessence  du  Tabac  " 
derived  from  Florence,  of  which  a  single  drop  caused  death  within  an  hour 
when  placed  beneath  the  skin.  In  1809,  Vauquelin  indicated  the  presence 
of  a  basic  body  in  tobacco,  and  twenty  years  later,  a  full  account  of  the 
alkaloid  nicotine  was  given  by  Posselt  and  Eeimann.  Nicotine  is  a  non- 
oxygenated  alkaloid,  having  the  formula  C10HUN2.  According  to  Pinner, 
it  probably  has  the  constitution  of  a  /3-pyridyl-N-methyl-a-tetrahydropyrrol, 
that  is  to  say,  a  pyridine  complex  is  combined  with  a  tetrahydropyrrol 
complex,  so  that  a  /3-carbon  atom  of  the  former  is  attached  to  an  a-carbon 
atom  of  the  latter,  whilst  the  iminic  hydrogen  of  the  tetrahydropyrrol 
group  is  replaced  by  methyl. 

N  N 


CH  CH     CH  CH   N.CH3          NH 


CH  CH      C— CH      CH2  CH9     CH9 

\/        \  \ '  I  I 

CH  CH       CH2— CH2  CH2— CH2 

(Pyridine.)  (Nicotine.)  (Tetrahydropyrrol.) 

The  alkaloid,  which  is,  when  freshly  prepared,  a  colourless  oily  liquid, 
becomes  darker,  thicker,  and  less  active  upon  keeping  (Schroff),  owing  to 
aerial  oxidation,  but  it  undergoes  no  change  if  preserved  in  hermetically 
sealed  tubes.  It  is  soluble  in  water,  alcohol,  and  ether.  The  odour  is 
oppressive  and  characteristic ;  the  taste,  burning,  unpleasant,  and  persistent. 
As  a  basic  substance,  nicotine  forms  salts  with  acids ;  many  of  the  simpler 
salts  crystallise  with  difficulty  and  are  highly  deliquescent  (Huseuiann). 
The  oxalate  of  nicotine  (Parenty  and  Grasset),  and  the  hydrochlorate 
(Cushny)  are  much  less  active  physiologically  than  the  uncombined 
alkaloid,  which  on  oxidation  yields  nicotinic  acid  (|8-pyridine  carboxylic 
acid).  Tobacco  camphor  (nicotianin),  and  salts,  mainly  of  potassium,  are 
also  present  in  tobacco  leaf. 

Nicotine  in  tobacco  leaves. — Dried  leaves  yield  very  different  amounts  of 
nicotine ;  a  contrast  analysis  (Schloesing)  gave  for  Virginian  tobacco  6'87 
per  cent.,  Kentucky  6'09,  Maryland  2'29,  Havana  less  than  2 ;  but  the 
proportion  may  vary  somewhat,  according  to  the  crop  and  the  manner  of 
manufacture. 

Nicotine  in  tobacco  smoke. — Not  merely  is  nicotine  in  its  isolated  state 
an  interesting  toxic  agent,  but  it  has  a  wider  importance,  for  it  is  extracted 
by  moisture  from  the  tobacco  leaf,  and  is  a  constituent  of  tobacco  smoke. 
Different  views  have  been  entertained  regarding  the  constitution  of  the 


190  TO  £  A  CCO. 

smoke.  Pyridine  or  picolin  bases,  hydrocyanic  acid  and  collidine,  are 
amongst  the  bodies  recorded  as  present  in  tobacco  smoke ;  whilst  a  base 
resembling  nicotine,  but  equally  distinct  from  it  and  from  pyridine 
(Abeles  and  Paschkis),  and  a  series  of  higher  homologues  of  nicotine 
(Gautier),  are  also  described.  It  is  now,  however,  generally  conceded 
that,  though  other  bases  are  present,  nicotine  is  the  main  and  most  active 
constituent  of  tobacco  smoke  (Heubel,  Vogel,  Kissling,  Vas). 

Pharmacology. — Absorption  and  elimination. — Development  of 
symptoms  dependent  upon  absorption  rapidly  follows  the  access  of  nicotine, 
whatever  the  channel.  In  rapidity  of  action  it  has  even  been  likened  to 
hydrocyanic  acid.  Small  birds,  near  the  beaks  of  which  nicotine  has  been 
brought,  are  stated  to  have  fallen  dead  without  more  direct  contact. 
Application  of  wet  tobacco  leaves  to  the  skin  of  man  has  caused  rapid 
poisoning,  as  in  the  case  of  smugglers  who  wrapped  their  bodies  in  dry 
leaves,  but,  as  perspiration  ensued,  were  soon  overcome  by  the  absorbed 
nicotine  (Hildebrand,  Namias).  The  same  result  has  followed  local  use 
of  tobacco  infusions  for  therapeutical  purposes.  Three  minutes  sufficed 
for  a  large  amount  of  nicotine,  taken  by  the  stomach,  to  kill  a  man  (Taylor). 
The  alkaloid  is  said  to  act  as  quickly  and  powerfully  by  the  mouth  as 
hypodermically  (Janssen),  and  the  prompt  absorption  by  the  large  intestine, 
as  evidenced  by  poisoning  after  eneinata,  supports  Savory's  contention  that 
this  method  of  administration  is  peculiarly  dangerous.  After  absorption, 
nicotine  is  recognisable  in  the  blood  and  internal  organs,  especially  the 
liver ;  it  is  eliminated  by  the  lungs,  as  well  as  by  the  kidneys. 

Tolerance. — The  symptoms  produced  by  sublethal  doses  of  nicotine  are 
modified  in  character  when  the  dose  is  given  to  frogs  (Anrep,  Kosenthal), 
whilst  rabbits  may  show  an  acquired  tolerance  by  ultimately  surviving 
a  dose  which  ab  initio  would  have  proved  fatal.  The  experience  of  the 
tobacco-smoker  is  in  the  same  direction,  for  the  early  effects  witnessed  in 
the  tyro  fail  altogether  in  the  habituated,  who  may  nevertheless  suffer 
from  the  chronic  form  of  poisoning. 

Invertebrata. — Though  nicotine  delays  decomposition  of  organic  matter, 
and  is  somewhat  toxic  towards  infusoria  (Eobin),  it  is  a  more  energetic 
poison  towards  creatures  in  which  the  scale  of  development  of  the  nervous 
system  is  more  advanced.  Medusa  is  paralysed  as  regards  co-ordinating 
impulses,  whilst  crinoids  and  sepiola  show  evidence  of  a  stimulant  effect 
prior  to  paralysis  (Greenwood).  In  crustaceans,  nicotine  causes  muscular 
rigidity  and  heart  acceleration  (Yung). 

Lower  vertebrata. — Birds,  as  already  indicated,  are  very  sensitive  to 
this  volatile  poison.  Pigeons  succumb  in  half  a  minute  after  administration 
of  a  drop  of  nicotine.  Fish  are  by  no  means  so  sensitive  to  the  poison, 
though  they  perish  after  a  dose  proportionately  larger.  Frogs  may  remain 
quiescent  after  a  small  dose  of  nicotine,  the  first  characteristic  symptom 
observed  being  a  peculiar  rigid  or  cataleptic  condition  in  the  fore-limbs, 
which  are  stretched  along  the  side  of  the  trunk,  or  extended  so  as  to  raise 
the  body  as  if  in  preparation  for  a  spring;  this  condition  is  greatly 
reduced  by  etherisation.  The  hind-legs  are  occasionally  flexed  at  right 
angles  to  the  body,  but  it  is  seldom  that  they  show  rigidity.  Eeflex  from 
the  conjunctiva  is  early  abolished,  the  lymph  hearts  become  quiescent 
before  respiration  ceases  (Langley  and  Dickinson).  Waves  of  contraction 
with  some  fibrillation  are  occasionally  seen  in  the  muscles  of  the  back 
and  elsewhere.  If  section  of  the  cord  is  made  at  the  medulla  (Anrep), 
or  slight  etherisation  is  employed,  clonic  spasm  may  develop,  thereby 
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demonstrating  the  inhibitory  character  of  the  previous  quiescence.  In- 
hibition may  also  disappear  spontaneously,  giving  place  to  spasm,  or  it 
may  last  until  merged  in  the  paralytic  condition  which  ensues.  The  spasm 
probably  originates  not  merely  from  stimulation  of  the  cord,  but  also 
from  excitation  of  centres  in  brain  and  medulla.  Destruction  of  the  cord 
abolishes  the  larger  spasmodic  muscular  movements,  but  does  not  com- 
pletely check  fibrillation,  which  has  in  part  a  peripheral  origin.  If  in 
a  brainless  frog,  vascular  ligature  is  applied  to  one  leg,  that  leg  moves 
retiexly,  not  only  to  its  own  stimulation,  but  after  irritation  of  other  parts 
of  the  body,  including  the  cataleptic  limbs  to  which  the  poison  has  had 
free  access — depression  and  failure  of  peripheral  motor  apparatus  preced- 
ing suspension  of  the  reflex  function  of  the  cord  (Moore  and  Eow).  Whilst 
stimulation  succeeded  by  depression  in  function  of  brain,  medulla,  cord 
and  motor  nerves,  are  features  in  nicotine  poisoning,  sensory  nerve-endings 
are  much  less  affected.  Muscular  tissue  by  no  means  escapes  the  deleterious 
action  of  nicotine;  not  merely  is  contracture  increased  (Langley  and 
Dickinson),  but  active  contractility  and  the  power  of  withstanding 
fatiguing  influences  are  more  reduced  than  seems  to  have  been  generally 
recognised.  Not  unfrequently,  in  winter  specimens  of  Rana  temporaria, 
after  injection  of  nicotine  or  its  hydrochlorates,  the  writer  has  seen  all 
motor  symptoms,  including  fibrillation,  fail,  with  the  exception  of  some 
rigidity  of  the  fore-limbs.  The  latter  condition  occurs  markedly  in  males 
with  well-developed  thumbs ;  it  is  only  partially  removed  by  destruction 
of  the  cord,  and  is  therefore  in  degree  peripheral  in  causation. 

Spasm  observed  on  the  first  administration  of  nicotine  to  frogs  may 
fail  when  the  drug  is  subsequently  given  in  sublethal  doses,  but  paralysis 
becomes  more  prominent  and  the  heart  more  readily  depressed  in  function. 
It  would  be  unsafe  to  regard  such  an  alteration  of  symptoms  as  indicating 
the  acquirement  of  a  true  tolerance. 

The  frog's  heart  shows  considerable  resistance  to  nicotine  in  doses 
which  suffice  to  cause  a  general  toxic  effect.  The  central  nervous  system 
being  intact,  large  doses  injected  into  the  dorsal  sac  produce  a  pause  in 
diastole,  succeeded  by  a  slowed  rhythm.  Vagus  stimulation  soon  fails  to 
arrest  the  heart,  and  after  a  small  dose  may  even  cause  acceleration  (Tru- 
hart).  The  stimulated  venous  sinus  retains  its  function,  as  the  inhibitory 
mechanism  to  which  it  appeals  is  not  rendered  inactive  by  nicotine.  In 
this  respect  nicotine  agrees  with  pituri  (Langley  and  Dickinson),  but 
differs  from  atropine.  There  is  only  an  imperfect  antagonism  of  nicotine 
to  the  muscarinised  (arrested)  heart,  and  the  statement  that  no  antagonism 
exists  (Bohm)  is  a  little  beyond  the  mark.  Application  of  nicotine  after 
muscarine  restores  only  a  feeble  and  imperfect  systole  to  the  organ. 

Higher  vertebrata,  including  man. — The  excitement  usually  wit- 
nessed after  reception  of  nicotine  may  fail  entirely  if  hyperlethal  doses 
are  given,  as  in  the  case  of  dogs,  which  succumb  in  thirty  seconds  to 
1  c.c.  without  a  struggle  (Orfila).  The  only  symptoms  observed  in  a 
man  who  had  purposely  swallowed  a  large  quantity  of  nicotine,  were 
a  wild  glance  round,  unconsciousness,  and  a  deep  sigh  at  the  moment 
of  death,  which  supervened  three  minutes  after  poisoning  (Taylor) ;  whilst 
in  the  Bocarme  case  there  was  no  evidence  that  spasm  had  preceded 
death,  which  took  place  not  more  than  five  minutes  after  nicotine  had 
been  forced  into  the  mouth  of  the  victim  (Orfila).  When  a  smaller 
dose,  compatible  with  continuance  of  life  for  a  time,  has  been  taken, 
secretory  stimulation,  as  evidenced  by  lachrymation,  salivation,  and  sweat- 
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ing,  appears,  whilst  powerful  contraction  of  the  hollow  viscera  favours 
the  expulsion  of  their  contents.  Spasm,  which  is  largely  referable  to 
action  on  the  brain  and  medullary  centres  (Rosenthal,  Krocker),  frequently 
ensues.  It  is  at  first  clonic ;  later,  though  not  invariably,  becoming 
tonic  in  character.  To  this  a  general  rigidity  of  all  the  muscles,  or  of 
certain  groups  only  (Anrep),  with  more  or  less  fibrillation,  is  often 
superadded.  Inspiration  is  hastened  (this  may  be  obviated  by  vagotomy 
or  general  anaesthesia  in  animals),  subsequently  becoming  dyspnoeal  and 
spasmodic — a  condition  which  Orfila  attributed  to  violent  and  convulsive 
action  of  the  diaphragm.  The  arterial  tension  becomes  much  reduced, 
muscular  spasm  passes  into  relaxation,  whilst  marked  depression  in  func- 
tion of  cerebrum,  medulla,  and  especially  of  the  spinal  cord,  shows  itself  by 
narcosis,  suspension  of  movement,  and  threatened  failure  of  the  respiratory 
mechanism.  Even  when  this  failure  appears  complete,  artificial  respiration 
may  provoke  a  partial  and  temporary  return  of  activity  to  these  centres. 
Though  it  is  stated  by  Uspensky  that  the  spasm  which  usually  precedes 
death  is  not  averted  by  artificial  respiration,  there  is  little  room  for  doubt 
that  the  fatal  issue  is  of  respiratory  origin. 

Secretion. — Nicotine  at  first  stimulates  the  secretory  structures  of 
salivary  glands,  but  extensive  poisoning  paralyses  the  nerve  cells  on  the 
course  of  the  chorda,  so  that  secretion  is  diminished.  Electrical  stimula- 
tion of  the  nerve  may  then  fail  to  cause  secretion  (Heidenhain),  but  if 
applied  to  the  hilus  of  the  gland,  it  will  do  so,  as  the  secretory  nerve- 
endings  retain  their  activity  (Langley).  The  increased  secretion  of  the 
sweat  glands  is  also  attributable  to  stimulation,  and  here,  as  in  many 
other  respects,  nicotine  presents  a  considerable  analogy  in  its  action  to 
pilocarpine. 

Abdominal  viscera. — Contraction  of  the  muscular  coats  of  the  hollow 
viscera  is  mainly,  but  not  exclusively,  a  peripheral  effect  to  which 
stimulation  of  ganglia  within  the  walls  contributes.  Whilst  the  stomach 
is  thrown  into  contraction  (Schiitz),  powerful  and  spasmodic  movement 
of  the  intestine  (Basch  and  Oser,  Bernard,  Truhart,  Nasse),  coincident 
with  pallor  of  the  viscera  (Basch  and  Oser),  is  witnessed  in  nicotine 
poisoning.  Such  movements  pass  beyond  the  control  of  the  stimulated 
splanchnic  nerve.  Even  the  separated  intestine  perfused  by  nicotinised 
blood,  shows  contraction  of  the  circular  fibres,  associated  with  lengthening 
of  the  gut  and  a  diminished  outflow  from  the  mesenteric  veins  (Salvioli). 
The  alleged  contraction  of  the  bladder  is  denied  by  Nasse.  The  spleen, 
uterus,  and  kidneys  undergo  a  reduction  in  bulk,  as  a  result  of  vascular 
contraction.  No  marked  inflammation  is  observed  in  the  organs  of 
digestion  after  nicotine  poisoning. 

Whilst  the  mammalian  heart  is  slowed  by  small  doses  of  nicotine, 
acceleration  and  frequently  irregularity  succeed  large  doses,  these  condi- 
tions being  in  part  due  to  stimulation  and  subsequent  depression  of  the 
vagi  centrally,  as  well  as  within  the  heart — a  time  arriving  when  section 
and  stimulation  are  alike  inoperative.  Ultimately,  there  is  a  marked 
depression  of  the  automatic  elements  upon  which  the  heart-beat  depends. 
Changes  which  occur  in  the  blood  pressure  are  not  entirely  referable  to 
the  condition  of  the  heart ;  the  pressure  indeed  declines  at  first,  and  then 
shows  an  elevation  or  series  of  elevations  which  are  not  referable  to  any 
increase  in  cardiac  efficiency,  nor  yet — excepting  as  a  transitory  cause — 
to  a  stimulation  of  the  medullary  vasomotor  mechanism  (Surminsky). 
The  cause  is  vascular  and  peripheral  (Basch  and  Oser,  Langley  and 
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Dickinson),  and  may  .persist  when  the  medullary  centre  has  ceased  to  act ; 
but  whether  it  is  attributable  to  excitation  of  the  cells  of  peripheral 
ganglia  (Langley  and  Dickinson),  or  to  a  more  direct  action  on  the 
vascular  walls,  is  not  finally  determined.  The  vessels  of  the  dog's  skin 
dilated  by  curare  are  brought  to  contract  by  nicotine  (Langley  and 
Dickinson).  Piperidine,  a  near  ally  of  nicotine,  which,  it  has  been 
suggested,  may  act  by  yielding  a  reduced  pyridine  group  common  to  both 
bodies,  causes  a  similar  —  though  more  moderate  —  rise  in  pressure 
(Tunnicliffe) ;  and  coniine,  which  is  a-propyl  piperidine,  has  perhaps  for  the 
same  reason  a  like  action  (Moore  and  Kow). 

Respiration. — The  early  action  of  a  large  dose  of  nicotine  is  to 
accelerate  respiration  and  deepen  the  individual  movements ;  subsequently 
to  slow,  and  finally  to  cause  arrest  of  breathing  by  paralysing  the 
respiratory  centre.  In  the  earlier  stage  both  centre  and  pulmonary  vagus 
are  stimulated.  Whether  the  local  sedative  effect  of  inhaled  tobacco 
smoke  is  attributable  to  nicotine,  is  doubtful ;  it  is  suggested  by  Brunton 
that  collidine  is  probably  the  active  agency.  The  observation  of  Roy  and 
Graham  Brown,  that  nicotine  occasions  distinct  dilatation  of  the  bronchi, 
may  to  some  extent  account  for  the  value  of  tobacco  smoke  in  asthma, 
but  to  this  the  presence  of  collidine  and  pyridine  would  be  contributory. 
The  spasm  of  nicotine  poisoning  is  mainly  respiratory  in  origin,  but  in 
many  cases  it  is  found  that  artificial  insufflation  of  the  lungs  has  but 
small  value  in  warding  off  the  fatal  issue. 

Nervous  and  motor  systems. — Evidence  of  central  excitement  succeeding 
nicotine  is  shown,  not  merely  by  the  acceleration  of  respiration  and  the 
slowing  of  the  heart,  but  also  by  the  unrest,  the  spasmodic  movement,  and 
probably,  in  degree,  by  the  rigidity  of  the  limbs.  Such  evidence  may 
be  of  short  duration ;  if  the  dose  is  large,  the  condition  becoming  one  of 
narcosis  with  abolition  of  all  volition  and  purposeful  movement  (Harnack 
and  Meyer).  A  man  having  fallen  asleep  suddenly  whilst  smoking, 
the  cigar  which  he  held  between  his  teeth  was  swallowed.  He  was  brought 
in  a  profoundly  unconscious  state  to  Oppolzer's  clinic.  His  body  was 
rigid,  the  mouth  could  not  be  forced  open,  fibrillation  was  observed  in 
the  muscles.  The  man  recovered  after  free  vomiting,  but  he  had  not  the 
faintest  recollection  of  the  events  succeeding  the  accidental  poisoning. 
The  peripheral  effect  as  well  as  the  central  depression  of  the  cord  function 
are  both  contributory  to  the  utter  collapse  which  nicotine  eventually  pro- 
duces. Some  indication  of  sensory  impairment  after  the  primary  stimu- 
lation, is  recorded  on  application  of  infusions  of  tobacco  to  wounds  and 
mucous  surfaces,  but  this  does  not  form  an  important  feature  in  the  general 
action  of  the  alkaloid. 

Pupil. — A  myotic  effect  after  instillation  of  nicotine  is  most  fre- 
quently observed  (Hirschmann,  Eogow),  this  being  apparently  due  to 
a  stimulation  of  the  oculo-motor  in  the  sphincter.  The  conditions  of 
experimentation,  such  as  the  degree  of  general  anaesthesia,  the  prevalence 
of  dyspnoea  (Langley  and  Dickinson),  or  differences  in  the  irritant 
properties  which  samples  of  nicotine  may  possess,  will  contribute  to  the 
variability  of  the  result. 

After  internal  administration  of  nicotine,  dilatation  was  witnessed  by 
Orfila,  Cl.  Bernard,  as  well  as  by  Wertheim,  who  saw  this  condition  in  man 
associated  with  sluggish  reaction  to  light.  The  pupil  of  cats  and  dogs 
dilates,  whilst  that  of  the  rabbit  contracts  (Langley  and  Dickinson),  the 
degree  of  such  effects  and  their  duration  being  limited  when  the  dose  of 
13 
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nicotine  is  moderate.  But  there  is  by  no  means  a  general  agreement  as 
to  the  occurrence  of  dilatation.  Van  Praag  saw  contraction  of  the  pupil 
following  nicotine,  whilst  Hirschberg,  in  a  very  extensive  series  of 
observations  made  on  small  mammals  and  birds,  never  saw  dilatation, 
but  invariably  contraction,  which  he  attributed  to  a  peripheral  paralysis 
of  dilator  nerves.  The  pupillo -dilator  nerve  cells  in  the  superior  cervical 
ganglion  appear,  from  the  researches  of  Langley  and  Anderson,  to  be  less 
rapidly  paralysed  by  nicotine  than  the  pupillo-constrictor  cells.  The  facts 
hitherto  established  regarding  the  effects  of  nicotine  on  the  pupil,  do  not 
otter  a  sufficient  basis  for  a  satisfactory  explanation  of  its  manner  of 
action. 

Synergists. — The  main  alkaloids  of  pituri  and  lobelia  are  most  closely 
related  to  nicotine.  Coniine  has  also  several  points  of  resemblance. 

Antagonists. — Nicotine  poisoning  may  be  treated  by  strychnine  and 
perhaps  morphine  hypoderinically  administered,  and  alcohol  or  ammonia  by 
the  mouth,  though  none  of  these  bodies  are  more  than  partial  antagonists. 
Artificial  respiration  should  be  employed.  Tannic  acid  and  iodine  water, 
as  chemical  antidotes,  would  be  of  use  only  if  administered  promptly. 

Chronic  poisoning  by  tobacco. — Before  proceeding  to  consider  the 
therapeutical  value  of  tobacco,  its  much  more  important  position  as  a 
toxic  agent  may  be  considered.  Besides  the  congestion  of  the  air  passages, 
with  the  associated  unclear  and  raucous  voice,  the  smoker  to  excess  ex- 
periences gastric  disorders,  a  feeble  and  intermittent  action  of  the  heart, 
termed  "  narcotism  of  the  heart"  by  Decaisne,  and  the  breathing,  some- 
times sighing,  may  show  a  peculiar  rhythmical  fluctuation,  which,  it  is 
alleged  by  Morrow,  is  observable  also  in  dogs  under  the  influence  of 
nicotine.  Memory  is  much  impaired ;  muscular  movements  are  tremulous 
and  uncertain.  The  most  characteristic  individual  symptom,  which  may 
arise  in  a  few  months  or  not  for  some  years  after  over-use  has  commenced, 
is  tobacco  amblyopia,  in  which  visual  indistinctness  and  a  change  in  colour 
perception  are  noticeable  features.  Though  both  pallor  and  congestion  of 
the  optic  disc,  together  with  a  blurring  of  its  outline,  have  been  described, 
no  such  indications  may  be  present ;  in  fact,  the  absence  of  all  unusual 
appearances,  coupled  with  the  presence  of  a  central  scotoma,  are  highly 
characteristic  of  tobacco  amblyopia.  This  scotoma  progresses  from  the 
blind  spot  to  the  point  of  fixation,  which,  however,  it  may  not  reach.  The 
clear  perception  for  red  is  primarily  interfered  with,  whilst  white  remains 
fairly  appreciable.  The  eyes  are  equally  affected.  The  tendency  to 
amblyopia  is  increased  by  mental  anxiety  or  a  bad  dietary.  The  con- 
dition has  been  observed  in  women,  and  it  has  been  suggested  that  if 
smoking  as  a  habit  grows  amongst  the  sex,  amblyopia  may  become  frequent, 
as,  amongst  the  poorer  classes,  women  have  not  only  worse  food  but  more 
worry  and  anxiety  than  men. 

The  relationship  of  alcohol  to  tobacco  as  a  cause  of  amblyopia  is  dis- 
puted. Many  German  authors  (including  Uhthoff)  maintain  that  alcohol 
is  the  more  potent  cause  of  the  two,  whilst  British  authors  hold  the  opposite ; 
Hutchinson  even  suggesting  that  alcohol  may  have  some  counteracting 
effect  when  excessive  smoking  is  practised.  Much  may  depend  upon  the 
relative  extent  to  which  alcohol  and  tobacco  are  used,  as  well  as  upon  their 
individual  qualities.  Amblyopia  and  the  other  ophthalmic  effects  of 
tobacco  disappear  if  smoking  is  relinquished  or  abated ;  but  if  the  habit 
is  persisted  in,  it  is  a  question  whether  genuine  atrophy  and  blindness 
may  not  ensue.  Though  an  answer  has  been  given  in  the  affirmative  to 


THERAPEUTICS.  195 

us   query   (Dickinson   and   others),  the   opposite   view  is   more  widely 
jntertained  (Nettleship). 

What  amount  of  tobacco  will  occasion  amblyopia  ? — Of  a  large  number 
patients  suffering  from  amblyopia,  Nelson  remarks  that  one  smoked  over 
lalf  an  ounce  of  tobacco  daily,  some  three  times  as  much.  In  a  case  of 
elliptical  scotonia,  without  other  special  symptoms, the  patient  for  six  months 
previously  had  smoked  five  to  seven  Austrian  Virginian  cigars  daily  with 
an  occasional  Havana.  Groenouw  quotes  the  daily  allowance  of  tobacco 
which  the  following  authorities  consider  safe,  he  himself  adhering  to  the 
lowest  figure  : — Sichel,  20  grins. ;  Hutchinson,  15  grins. ;  Hirschberg 
30  grms.  It  is  obvious  that  these  figures  have  only  an  approximate  value, 
as  the  variation  of  the  amount  of  nicotine  in  different  tobaccos  is  wide. 
For  such  tobaccos  as  are  apt  to  be  used  by  the  casual  British  smoker,  who 
mys  as  he  consumes,  Hutchinson's  allowance  of  15  grms.  is  no  doubt 
nple.  As  tobaccos  vary  in  strength,  so  do  consumers  vary  in  their 
jceptivity  towards  the  same  tobacco,  and  isolated  cases  are  encountered 
in  which  very  much  smaller  amounts  than  those  usually  regarded  as  safe 
we  had  deleterious  effects.  Even  if  the  amount  and  constitution  of 
the  tobacco  and  the  receptivity  of  individuals  were  uniform,  the  surround- 
igs  of  the  smoker  (in  close,  badly  ventilated  rooms,  or  in  the  open  air), 
id  the  manner  of  smoking  (admitting  the  fumes  merely  to  the  mouth  or 
dialing  into  the  lungs),  would  greatly  affect  the  action  of  the  tobacco 
msumed. 

A  brief  enumeration  of  some  other  occasional  effects  of  abuse  of  tobacco 
man,  or  prolonged  administration  of  nicotine  to  animals,  may  be  added. 
ratty  heart,  to  which  narrowing  of  the  coronary  vessels  may  have  con- 
ributed,  occurred  in  a  patient  who  had  practically  killed  himself  by 
excessive  smoking  (Favager),  whilst  in  a  similar  case  a  very  relaxed 
condition  of  the  heart  walls  was  observed  (Richter).  Angina-like  attacks  are 
by  no  means  uncommon ;  they  were  frequent  in  an  individual  who  smoked 
six  to  ten  heavy  cigars  daily.  Pain  is  also  a  prominent  symptom  of  the 
gastric  ulceration  attributed  to  excessive  use  of  tobacco  (Eichter).  Very 
occasionally,  smoking  appears  to  predispose  to  carciriomatous  affections  of 
lips,  tongue,  and  larynx.  Amemia  is  frequently  recorded  (Decaisne,  Vallen, 
Krocker) ;  but  whilst  extensive  abuse  is  necessary  to  produce  this  condition 
in  adults,  young  men  and  especially  children  are  injuriously  affected  by 
much  smaller  doses  of  nicotine.  In  rabbits  receiving  nicotine,  both  coloured 
corpuscles  and  haemoglobin  are  reduced ;  the  leucocytes,  however,  are  in- 
creased (Vas).  Degeneration  of  the  cells  of  the  anterior  cornua,  probably 
owing  to  nutritional  disturbances,  were  observed  by  Vas  in  rabbits  receiving 
nicotine,  whilst  sclerotic  degeneration  has  been  described  by  Pandi. 

A  peculiar  psychological  state,  in  which  hallucinations  of  sight  and 
hearing  develop,  the  patient  showing  alternately  exaltation  and  depression, 
is  described  by  Kjellberg,  who  states  that  chewing  is  specially  apt  to  lead 
to  this  serious  condition. 

Therapeutics. — External. — With  the  choice  of  remedies  now  avail- 
able, it  is  rarely  that  the  physician  reverts  to  the  former  employment  of 
tobacco,  whether  as  a  local  sedative,  an  antipruritic,  or  an  antiparasitic 
remedy.  Moistened  tobacco  leaves,  or  decoctions  of  tobacco,  have  been 
used  for  such  purposes,  and  works  on  toxicology  abound  with  the  fatal- 
ities which  have  resulted  (Gallavardin,  Wibmer,  Taylor).  Further,  the 
riskiness  of  the  proceeding  is  not  counterbalanced  by  any  great  certainty 
in  the  treatment.  Hertwig  and  Kuchenmeister  state  that  the  Acarus 
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scabici  will  live  for  hours  iu  infusions  of  tobacco.  In  non-parasitic  irritation 
of  the  skin,  and  for  itching  of  haemorrhoids,  as  well  as  in  the  treatment  of 
painful  states,  whether  purely  neuralgic  (Boerhaave),  or  associated  with 
gout  or  rheumatism,  fomentations,  fumigations,  and  ointments  (1  to  10  to 
1  to  20),  have  been  employed.  For  all  these  conditions  many  remedies  not 
only  safer  but  more  effective  are  available. 

Internal. — By  snuffing. — A  person  unaccustomed  to  the  use  of  snuff 
may  be  brought  to  sneeze  vigorously  by  this  agency.  Even  in  habitues 
an  errhine  effect  is  produced,  which  may  relieve  the  congestion  of  the 
mucous  membrane,  and  thereby  the  feeling  of  oppression  experienced 
in  the  frontal  region,  when  a  catarrh  is  developing.  The  blood  pressure, 
greatly  elevated  as  it  is  by  the  act  of  sneezing,  may  rouse  medullary  centres 
already  excited  by  the  sensory  stimulation,  to  greater  activity.  Perhaps 
there  is  a  danger  here  to  those  with  degenerated  cerebral  vessels,  and  it  is 
interesting  to  note  the  statement  that,  when  snuffing  first  came  into  fashion, 
apoplexies  increased  enormously,  and  such  an  ending  was  freely  predicted 
for  the  snuff-taker  (Fairholt).  Poisoning  from  excessive  use  of  tobacco  by 
this  channel  is  recorded,  and  it  is  probable  that  this  form  of  narcosis  was 
sometimes  mistaken  for  cerebral  haemorrhage. 

By  swallowing.  —  Gastro-intestinal  tract.  —  The  prompt  production  of 
movement  in  the  intestinal  wall,  and  the  increase  of  mucous  secretion 
following  small  amounts  of  nicotine,  account  for  the  benefit  derivable  from 
tobacco  smoking  in  chronic  constipation ;  such  a  favourable  effect  may  be 
occasioned  even  in  those  habituated,  especially  if  smoking  is  practised  after 
a  meal,  when  the  tendency  to  peristalsis  is  naturally  increased.  Tobacco, 
both  by  the  mouth  and  enemata,  was  formerly  much  used  in  the  treatment 
of  irreducible  or  strangulated  hernias  (Schaffer),  as  well  as  in  suspected 
volvulus  and  invagination  of  the  intestine.  In  such  conditions  the  active 
movement  of  the  wall  of  the  bowel,  coupled  with  the  relaxation  of  skeletal 
muscle,  may  contribute  to  the  end  in  view.  But  the  treatment  is  risky, 
and  not  to  be  advocated,  excepting  in  so  far  as  smoking  to  nauseation,  or 
the  chewing  of  a  few  grains  of  tobacco  may  be  tried.  It  is,  further,  un- 
certain. Tobacco  enemata  are  better  avoided ;  but  if  decided  upon,  5  to  10 
grs.  of  tobacco  to  8  oz.  of  water  constitute  a  sufficient  dose. 

Heart. — In  the  treatment  of  fever  (typhus)  the  use  of  tobacco  is 
urged  by  Wertheim.  The  febrile  heart  may  be  slowed  20  beats  per 
minute  by  moderate  doses,  which  have  but  little  effect  if  there  is  no 
acceleration.  Irregularity  of  the  heart  was  formerly  considered  an 
indication  for  tobacco. 

Respiration. — A  degree  of  disinfection  of  the  affected  lung  tissue, 
though  hinted  at  as  conceivable  in  early  stages  of  phthisis  (Jankau),  is 
not  to  be  anticipated  from  the  inhalation  of  tobacco  smoke ;  but  relief  of 
the  cough  and  facilitation  of  expectoration  may  be  serviceable  results  of 
a  moderate  use  of  the  drug.  Some  cases  of  chronic  laryngitis  may  be 
similarly  relieved  by  moderate  smoking.  Asthma  is  frequently  benefited 
by  smoking ;  the  effect  is  most  satisfactory  in  those  not  too  fully  habituated 
to  the  practice.  Whooping-cough  was  at  one  time  treated  by  tobacco, 
apparently  with  occasional  benefit.  It  is  probable  that  other  constitu- 
ents of  tobacco  smoke  besides  nicotine  are  of  importance  in  producing 
this  sedative  effect.  More  serious  spasmodic  conditions  have  been 
treated  by  tobacco  or  nicotine.  Formerly  tobacco  was  injected  in  the 
shape  of  infusion  or  smoke  into  the  rectum,  with  the  object  of  recover- 
ing cases  of  threatened  asphyxia.  Especially  in  France  this  treatment  of 
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individuals,  moribund  after  submersion  in  water,  was  highly  esteemed  by 
many,  but  strongly  condemned  by  Trousseau  and  others. 

Tetanus. — Of  nicotine  as  a  means  of  treating  this  condition,  Bartholow 
once  said,  "  We  have  no  more  effective  remedy,"  and  it  is  undeniable 
that  cases  of  recovery  stand  on  record.  Curling  had  nine  recoveries 
out  of  nineteen  cases  treated  with  tobacco  enemata,  whilst  Simon 
and  Haughton  both  countenanced  the  treatment,  the  latter  giving 
nicotine  by  the  mouth  successfully.  Erlenmeyer  gave  1  cgrm.  of  the 
alkaloid  hourly,  a  dose  five  or  ten  times  the  amount  admissible  in  less 
urgent  cases.  Junior  saw  the  spasm  disappear  in  a  man  suffering  from 
traumatic  tetanus,  on  local  application  of  tobacco  infusion.  There  are, 
however,  other  observations  which  show  that  failure  does  not  infrequently 
follow  the  tobacco  treatment  of  tetanus.  Tetaniform  states,  such  as  that 
accompanying  strychnine  poisoning,  have  been  treated  by  the  same  means, 
both  Chivers  and  Haughton  advocating  tobacco,  and  the  latter  claiming 
success  from  its  use.  O'Keilly,  using  an  infusion  containing  10  drachms  of 
tobacco  leaves,  states  that  he  thereby  saved  a  patient  who  had  received 
6  grains  of  strychnine.  Experimentally,  however,  it  has  been  shown  to 
have  little  or  no  value  as  a  physiological  antidote  to  strychnine  (Leblanc). 
The  cord  centres  in  connection  with  the  sexual  system  are  depressed  in 
function  by  full  doses  of  tobacco. 

Kidneys. — The  value  of  tobacco  in  the  treatment  of  dropsies  and 
exudations,  including  hydrothorax,  was  strongly  insisted  on  by  Fowler  more 
than  a  century  ago.  His  favourite  preparation  was  an  infusion  which, 
when  subsequently  diluted  with  spirit,  contained  tobacco,  1  to  25  ;  of  this 
he  gave  40  drops,  or  even  more,  twice  daily. 

Dosage. — Though  the  use  of  tobacco,  whether  internally  or  externally, 
excepting  by  inhalation  of  the  fumes,  is  not  recommended,  the  following 
figures  are  given  as  indicating  an  average  dosage : — 

Tobacco  by  the  mouth,  0'025  grm.,  cautiously  increased.  Wine  of 
tobacco  (1  to  20)  may  be  given  in  10-  to  20-minim  doses.  Nicotine, 
commencing  with  0'0015  grm.  by  the  mouth,  or  O'OOl  hypodermically. 
In  cases  of  serious  spasm,  much  larger  doses  are  apparently  tolerated. 
For  enemata,  an  infusion  made  with  not  more  than  10  grains  of  tobacco 
is  probably  safe,  but  is  not  advised.  An  infusion  of  30  grains  has  caused 
death. 

NICOTIANIN,  OK  TOBACCO  CAMPHOR. 

This  substance,  though  contributing  to  the  aroma  of  the  tobacco  leaf,  is 
not  itself  a  toxic  agent  at  all  comparable  to  nicotine.  Samples  have  been 
prepared  (Bosselt  and  Eeimann)  which  do  not  provoke  sneezing  on 
inhalation. 

METHYL  NICOTINE. 

This  derivative,  in  the  form  of  sulphate,  reduces  motor  power  in 
rabbits  without  causing  convulsions,  its  fatal  effect,  only  developed  by 
large  doses,  being  referable  to  failure  of  the  function  of  the  medulla  and 
cord,  as  motor  nerve  terminations  retain  their  activity  (Crum  Brown  and 
Fraser). 
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CUKAEE. 

(CURARA,   WOURALI,   WOORARA.) 

THIS  substance  is  not  official  in  either  the  British  or  the  United  States 
Pharmacopoeia. 

Historical. — In  order  to  elucidate  some  of  the  facts  connected  with 
the  action  of  curare,  a  very  brief  history  of  its  origination  is  essential. 
Though  Sir  Walter  Kaleigh  was  conversant  with  the  poison,  which  in  1595 
he  brought  to  Europe,  under  the  name  of  ourari,  but  little  is  to  be  read  of  it 
until  the  middle  of  the  eighteenth  century,  when  it  began  to  attract  atten- 
tion. About  this  time  Condamine  made  reference  to  the  use  of  an  arrow 
poison  by  the  South  American  Indians,  and  his  observations  received 
corroboration  somewhat  later  by  missionaries  and  travellers,  who  had 
witnessed  the  rapid  death  of  animals  struck  by  curare-tipped  arrows. 
Experiments  even  at  this  early  date  were  not  wanting,  to  demonstrate  the 
absorption  and  toxicity  of  the  body.  Humboldt  was  the  first  to  make  it 
clear  that  there  were  probably  several  arrow  poisons  in  use  by  these 
Indians,  and  that  among  them  the  curare  which  he  saw  actually  prepared 
at  Esmeralda  on  the  Orinoco,  was  a  stronger  poison  than  that  used  by  the 
Ticuna  Indians  of  the  Amazon.  Orfila  recognised  that  these  bodies  were 
distinct  from  one  another,  and  also  from  the  wourali  of  Dutch  Guiana. 
The  preparation  of  the  poison  for  tipping  arrows  consisted  in  making  an 
infusion  or  percolate  of  the  bark  from  the  root  or  branches  of  the  Mavacure, 
and  subsecpuent  concentration  by  heating.  To  the  treacle-like  mass  so 
obtained,  was  added  a  sticky  juice  of  the  kiracaguero  tree,  in  order  to 
render  the  curare  adhesive  to  the  arrow  points.  No  snake's  venom  was 
employed  in  the  making  of  the  true  Orinoco  curare.  Curare  appears  to 
have  been  freely  employed  by  the  natives  as  a  tonic,  provided  the  lips  and 
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gums  were  sound,  and  even  the  flesh  of  animals  killed  by  the  poisoned 
arrows  was  accounted  perfectly  wholesome.  Whilst  the  main  ingredient  in 
this  curare  is  that  derived  from  the  Mavacure,  which  seems  to  be  certainly 
a  member  of  the  Strychnos  group,  the  Strychnos  which  is  used  by  the  Ticunas 
(Gouty  and  de  Lacerda)  in  preparing  their  poison  (also  described  as  curare), 
appears  to  be  the  S.  Castelnceana  (Weddel),  whilst  two  varieties  of  Strychnos 
bark  probably  enter  into  .the  poison  of  the  Japuras  (Jobert).  Menisper- 
maceous  plants  are  associated  with  the  former,  whilst  piperaceous  plants 
are  present,  according  to  Jobert,  in  the  latter  preparation.  Varbosa 
Rodriguez  in  a  recent  work  describes  four  varieties  of  curare. 

Enough  has  been  said  to  show  that  curares,  in  the  broad  meaning  of 
the  term,  may  have  various  sources,  botanically  and  geographically,  but 
that  the  product  of  a  Strychnos  bark  probably  enters  into  each  and  all  of 
them,  as  the  main  potent  constituent.  To  describe  the  various  curares,  as 
they  arrive  in  gourd  or  calabash  or  in  clay  pots,  would  lead  too  far  away 
from  the  subject  in  hand ;  suffice  it  that  great  variations  are  found  in  the 
appearance  as  well  as  in  the  activities  of  the  different  samples,  and  that  no 
absolute  certainty  in  dosage  can  be  obtained,  short  of  analysis  of,  or  of 
experiment  with,  each  sample. 

Characters. — The  average  curare  is  a  brittle,  dark  brown,  resinous 
body  in  appearance,  having  a  bitter  taste.  It  is  imperfectly  soluble  in  water, 
and  whilst  its  solutions  decompose  slowly,  it  is  stated  that  the  poison  dried 
on  the  points  of  arrows  retains  its  toxicity  for  at  least  a  century  (Laborde). 
The  Indians  using  curare  keep  it  carefully  protected  from  damp,  and  from 
time  to  time  subject  it  to  warmth. 

Composition. — The  active  principles  hitherto  recognised  as  present 
in  curare  are — 

1.  Curarine   (C^H^N). — The  representative   alkaloid   of   the   curares 
which  is  invariably  present — though  in  very  different  proportions l — was 
obtained  in  1830  as  a  syrupy  body  by  Boussingault  and  Koulin;  later, 
separated   from  an  alcoholic  extract  by  Pelletier  and   Petroz,  but  first 
prepared  in  crystalline   form   by  Preyer  in    1865.      It   is   described   as 
deliquescent — soluble   in  water   and  alcohol ;   yielding   the   same   colour 
reaction  as  strychnine  with  sulphuric  acid  and  bichromate  of  potassium, 
whilst  with  sulphuric  acid  alone  it  yields  a  red  coloration,  this  test  being 
negative  with  strychnine. 

2.  Curine  (C18HlftN'03). — A  crystalline  alkaloid,  recognised  by  Bb'hm. 
The  introduction  of  a  methyl  group  into  its  molecule  is  said  to  render  its 
action  identical  with  that  of  curarine. 

CURARE  AND  CURARINE. 

Pharmacology. — Absorption  and  elimination. — The  conclusion 
of  the  earlier  observers,  that  curare  is  not  active  when  applied  to  the 
unbroken  skin  of  mammals  and  frogs  (Herisant,  Bancroft,  Kolliker),  is  in 
the  main  accepted,  though  slow  poisoning  seems  possible  in  frogs  carefully 
dried  before  exposure  to  curare  solutions.  Fish  may  live  for  days  in  an 
aqueous  solution,  but  if  a  slight  scratch  is  made  between  the  scales  they 

1  One  part  of  this  alkaloid  has  been  variously  described  as  equal  to  ten  or  twenty  parts  of 
curare,  and  the  relationship  may  not  lie  even  within  these  limits,  as  Bernard  states  that  some 
samples  of  curare  were  found  to  be  physiologically  six  times  as  active  as  others.  Analytically, 
4  to  5  per  cent,  of  curarine  have  been  recovered  by  Bohm  from  a  Strychnos  bark  (S.  Toxifera 
of  Schomburgk),  possibly  used  in  making  a  curare  (Tillie). 
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soon  perish.  Curare  introduced  into  the  stomach  was  regarded  as  harmless 
(Schomburgk),  and  it  was  questioned  whether  it  was  absorbed.  Bernard 
and  Pelouze  concluded  that  as  curare  was  not  destroyed  by  mixing  with 
gastric  juice,  outside  the  body,  but  produced  death  thereafter  when  given 
hypodermically,  that  therefore  no  curare  was  absorbed  from  the  stomach ; 
but  subsequently  Bernard  witnessed  slow  poisoning  of  young  dogs  by  the 
stomach  and  rectum,  and  of  birds  from  the  crop,  and  of  birds  and  many 
animals  from  the  alveoli  of  the  lung.  Pelikan  saw  four  rabbits  out  of 
five,  which  had  received  curare  by  the  mouth,  die. 

It  was  first  shown  by  Hermann  that  if  in  young  rabbits — which  are  but 
little  affected  by  large  doses  of  curare  given  by  the  stomach — the  renal 
vessels  were  ligatured,  poisoning  promptly  occurred ;  rapid  elimination, 
rather  than  destruction  or  non-absorption  of  the  poison,  was  therefore 
regarded  as  the  cause  of  the  low  toxicity.  The  recent  observations  of  Jess 
with  Zunz,  that  curare  is  weakened  in  its  toxicity  when  digested  with  the 
gastric  juice,  and  further  that  the  toxicity  of  a  rabbit's  urine  is  not  com- 
mensurate with  the  amount  of  curare  introduced  into  the  stomach  of  the 
animal,  indicate  that  some  decomposition  of  the  poison  by  acid  secretion 
may  be  possible.  Absorption  from  wounds  and  mere  abrasions  occurs 
rapidly,  and  the  characteristic  effect  of  the  poison  is  soon  developed.  A 
rabbit  scratched  with  an  arrow  tip  (these  tips  generally  carry  a  very 
potent  curare)  was  helpless  in  four  and  a  half,  and  dead  in  nine  minutes 
(Hunter).  Asses  struck  by  curarised  arrows  died  in  ten  to  twelve  minutes  ; 
a  bullock  receiving  three  arrows,  in  twenty-five  minutes  (Waterton). 
Curare  is  rapidly  eliminated,  without  material  alteration,  by  the  kidneys ; 
a  portion  of  it  is  passed  with  the  dejecta,  if  administration  has  been  made 
by  the  mouth. 

Invertebrata. — Towards  the  motor  system  of  crustaceans,  Yung  found 
that  curare  acted  in  the  main  as  on  vertebrates,  but  that  the  effect  was 
slower  and  less  energetic.  Luchsinger  and  Biedermann  have,  however, 
concluded  that  the  main  effect  in  crayfish  is  on  the  central  nervous 
system,  and  Piotrowski  questions  the  paralysis  of  motor  nerve-endings  in 
these  animals. 

Fish. — The  motor  nerve-ends  are  paralysed  before  the  centres  for 
voluntary  movement ;  even  the  specially  modified  nerves  of  the  electrical 
organs  of  the  torpedo  are  paralysed,  but  long  after  the  motor  nerves  have 
lost  their  action. 

Progs.  —  Muscles.  —  The  main  effect  of  curare  administered  hypo- 
dermically is,  the  circulation  being  practically  unaffected,  to  abolish  motion 
in  skeletal  muscle,  so  that  neither  the  exercise  of  volition,  the  rhythmical 
action  of  centres  (as  the  respiratory),  nor  peripheral  irritation,  is  translated 
into  movement.  The  action  is  developed  sooner  in  some  parts  (hind-legs) 
than  in  others  (trunk  and  arms).  Kolliker,  whose  work  on  curare  is 
classical,  referred  the  action  to  a  paralysis  of  motor  nerve-endings,  and  he 
recognised  that  cord  and  sensory  nerve  trunks  were  still  active  when 
movement  was  entirely  suspended.  Probably,  however,  as  first  suggested 
l>y  (Juttmann,  the  action  of  curare  is  not  upon  the  ultimate  nerve-ends 
in  muscles,  but  rather  at  or  near  the  cement  substance  at  the  nodes  of 
Kanvier  (Pollizer).  Electrical  stimulation  of  the  motor  nerve  trunk  is 
quite  inoperative  in  presence  of  a  fully  developed  curarisation,  nor  does 
any  thermic  change  result  in  the  related  muscle  (Stewart).  Short  of 
completely  suspending  the  contraction  of  motor  nerve  impulses  to  muscle, 
curare  causes  a  fatigue-like  phenomenon,  a  series  of  progressively  failing 
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contractions  (Bb'hm)  being  elicited  on  stimulation.  Kest  favours  a  degree 
of  recovery.  Direct  stimulation  is  succeeded  by  a  good  contraction  or 
series  of  contractions  without  abnormality,  unless  very  large  doses  have 
been  employed,  when  contractility  is  reduced  (Overend). 

The  tonus  of  curarised  muscle  in  connection  with  the  spinal  cord,  is 
alleged  by  Rossbach  and  Anrep  to  be  decreased,  so  that  the  muscle 
elongates,  but  no  such  effect  follows  if  the  connection  with  the  cord  is 
previously  severed. 

Nervous  system. — Whilst  no  excitation  follows  the  administration  of 
curare,  the  frog  remaining  still,  even  before  movement  has  become  im- 
possible, a  convulsant  (tetanic)  effect  has  been  seen  to  follow  the  circulation 
of  large  amounts  of  curarine  through  the  central  nervous  system,  after 
destruction  of  the  anterior  brain,  and  exclusion  of  the  legs  by  vascular 
ligature  (Tillie).  The  author  has  witnessed  this  effect  of  curarine ;  but 
two  specimens  out  of  three  of  curare  did  not  cause  any  excitement  of 
spasmodic  or  inhibitory  centres,  when  used  in  the  same  manner.  The 
third  specimen  gave  a  feeble  though  positive  result.  At  most,  curarine 
is  but  a  feeble  convulsant,  and  this  element  of  its  action  is  masked  in 
frogs,  possibly  by  inhibition  (Tillie),  but  mainly  by  peripheral  paralysis. 
The  lethargic  state  of  the  newly  curarised  frog  has  suggested  a  direct  action 
upon  the  brain,  whilst  ultimate  failure  of  reflex  in  a  limb,  after  vascular 
ligature,  has  been  referred  to  interference  with  circulation  in  the  cord, 
but  these  theories  are  hitherto  insufficiently  supported  by  proof.  Most 
observers  have  regarded  sensory  nerves  as  unaffected  by  curare,  but  Binz 
and  Brunton  affirm  a  certain  degree  of  depression  in  their  function. 

Mammals. — Death  is  produced  by  curare  or  curarine,  owing  to  failure 
of  the  respiratory  function.  Even  the.  earlier  observers,  Waterton  (who 
recovered  a  curarised  ass)  and  Brodie,  were  aware  that  artificial  respiration 
would  maintain  life,  until  such  time  as  the  normal  function  was  re- 
established. Whilst  spasm  is  a  rare  occurrence,  it  has  been  seen  in  dogs 
after  injection  of  small  doses  of  curare  (from  S.  triplinervia),  excitement 
with  jumping  and  scratching  movements  being  succeeded  by  tonic  con- 
vulsions unchecked  by  artificial  respiration.  These  movements,  which  were 
referred  to  a  central  motor  stimulation,  are  apparently  quite  distinct  from 
muscular  tremor,  which  is  frequently  witnessed  in  curarised  animals  (Schiff, 
Vulpian,  Bert). 

Motor  and  nervous  system. — Complete  peripheral  paralysis  of  motor 
nerves  is  not  so  readily  produced  in  warm-blooded  as  in  cold-blooded 
animals,  unless  artificial  respiration  has  been  used,  inasmuch  as  physio- 
logical impulses  fail  to  pass  to  the  respiratory  muscles  some  time  before  the 
nerves  of  supply  fail  to  rouse  the  muscle  on  electrical  stimulation.  In 
man,  the  action  of  curare  has  seldom  been  carried  beyond  causing  inability 
to  stand  without  support,  the  legs  being  always  more  affected  than  the 
arms.  Mental  dulness  or  stupidity,  with  oppression  in  the  head,  have 
occasionally  followed  free  administration  of  curare. 

Circulation. — No  marked  reduction  of  blood  pressure  follows  the  action 
of  curarine,  or  of  an  average  specimen  of  curare  containing  but  little 
curine,  when  these  are  given  in  sufficient  quantity  to  paralyse  motor  nerve 
terminations  (Zunz) ;  nor  does  the  cardiac  vagus  cease  to  react  to  stimula- 
tion. The  vasomotor  centre  seems  in  fact  to  be  abnormally  sensitive  to 
sensory  influences,  so  that  in  rabbits  which  have  received  very  small  doses 
of  curarine,  the  slightest  cutaneous  stimulation  by  contact  may  cause  a 
marked  elevation  of  pressure  (Tillie).  It  is  stated,  however,  by  Couty  and 
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ierda,  that  a  curare  containing  products  of  the  Strychnos  gardncrii, 
whilst  leaving  motor  nerves  and  vagus  unaffected,  causes  a  prompt  fall  of 
blood  pressure  from  vasomotor  paralysis.  Very  large  doses  of  a  good 
specimen  of  curare  or  of  curarine  suspend  the  action  of  the  cardiac  vagus 
and  of  vaso-constrictor  nerves — great  vascular  dilatation  with  correspond- 
ing fall  of  blood  pressure  resulting,  to  which  slight  impairment  in  the 
ventricular  systole  may  be  contributory. 

Secretion. — Hypersecretion,  especially  of  the  salivary  glands,  has  been 
described  as  paralytic  (Kblliker,  Schiff),  rather  than  arising  from  stimulation 
of  secretory  elements,  but  Hermann  states  that  the  secretory  nerves  are 
not  paralysed.  The  appearance  of  polyuria  is  in  part  due  to  the  relaxation 
of  the  sphincter  vesicse. 

Iris. — No  characteristic  change  of  the  pupil  occurs  after  curare  poison- 
ing. The  oculomotor  nerve  appears  to  be  active  when  the  nerves  of 
voluntary  muscles  have  lost  their  function.  Langley  finds  the  pupillo- 
dilator  nerve  cells  in  the  superior  cervical  ganglion,  more  paralysed  than 
the  nerve  fibres  passing  thence  to  the  iris. 

Metabolism. — Since  the  time  of  Bernard,  the  occurrence  of  sugar  in 
the  urine  has  been  repeatedly  observed,  both  in  animals  (Salkowski, 
Windgradoff,  Tillie),  and  in  man  (Benedikt,  Voison  and  Lionville),  after 
reception  of  curare.  Glycosuria  has  been  attributed  to  diminished 
transformation  of  sugar  in  the  tissues  (Seegen),  to  alteration  of  the 
glycogenic  function  of  the  liver  (Demant),  and  other  causes.  That  oxida- 
tion is  reduced,  during  the  enforced  muscular  quiescence  of  curarised 
animals,  is  made  clear  by  Zunz  as  well  as  by  Bidder,  who  found  elimination 
of  carbonic  acid  also  diminished.  Such  results  are  opposed  to  the  view  that 
tissue  change  is  practically  unaltered  during  curarisation  (Pniiger),  and  to 
the  observation  of  Collosanti,  that  blood  perfused  through  curarised  muscle 
receives  oxygen,  and  delivers  carbonic  acid  gas  as  freely  as  if  the  muscle 
were  unpoisoned.  A  deficient  artificial  ventilation  of  the  lungs  during 
curarisation,  or  the  mechanical  hindrance  to  the  circulation  occasioned  by 
a  too  powerful  insufflation,  or  operative  proceedings  in  presence  of 
retained  sensation,  have  been  suggested  as  probable  causes  of  glycosuria 
during  experiment ;  and,  whilst  guarding  against  such  sources  of  error,  Zunz 
has  succeeded  in  giving  curare  freely  without  the  production  of  glycosuria. 
In  many  clinical  cases,  also,  the  symptom  did  not  arise.  Whilst  admitting 
that  such  indirect  causes  are  frequently  present,  we  are  not  in  a  position 
to  deny  that  curare  may  sometimes  contribute  directly  to  the  occurrence 
of  sugar  in  the  urine. 

Temperature. — The  fall  of  body  temperature  after  curare  is  referable 
to  vascular  dilatation  at  the  periphery,  and  reduced  oxidation,  especially 
in  the  muscular  tissues,  to  which  an  adventitious  cause  may  be  superadded 
in  the  pumping  of  cold  air  into  the  trachea  of  a  curarised  animal.  Even 
the  rise  which  is  usual  in  tetanus  has  been  described  as  absent,  so  long  as 
curare  was  given  (Busch).  Opposed  to  the  usual  observation  is  the  rise  of 
body  temperature  witnessed  by  Voison  and  Lionville  in  epileptics  under 
treatment  by  curare. 

Synergists.  —  Coniine,  gelseminine,  and  aconine  are  amongst  the 
substances  most  nearly  related,  though  none  of  these  are  proved  to  be 
identical  with  curarine  in  action.  Methyl  curine,  methyl  strychnine,  and 
many  alkaloids  into  which  a  methyl  group  has  been  introduced,  may 
present  a  curare-like  action. 

Antagonists. — There  is  no  known  medicinal  antidote  to  curare,  but 
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artificial  respiration  will  maintain  life  until  elimination  occurs.  Salt, 
sugar,  and  nicotine  are  all  worthless  as  antidotes,  whilst  the  opposition 
which  curare  offers  towards  strychnine  action  (Vella  and  others)  is  not 
mutual,  the  latter  not  being  antidotal  towards  the  former.  Neither  do 
these  bodies  combine  with  one  another  chemically,  to  form  an  inert 
compound  (Piria).  Bromine  and  chlorine  are  said  to  destroy  the  activity 
of  curare,  when  mixed  with  it  outside  the  body  (Reynoso). 

Therapeutics. — Some  of  the  curare-yielding  barks  (S.  triplinervia) 
have  been  used  by  the  natives  of  the  Amazon  valley  as  febrifuges;  and 
the  Indians  of  the  Orinoco,  observed  by  Humboldt,  did  not  hesitate  to 
take  fragments  of  the  solid  poison — as  a  stomachic. 

At  one  time  the  therapeutical  use  of  curare  was  limited  by  scarcity  of 
the  substance,  as  well  as  by  the  wide  variation  in  activity  of  the  samples 
obtainable.  The  latter  difficulty  is  still  valid,  so  that  standardisation  by 
assay,  or  preliminary  experiment  upon  animals,  with  each  sample  is 
necessary,  before  a  curare  is  used  for  human  treatment.  Any  curare 
which  in  moderate  dose  produces  decided  depression  of  the  heart's  action, 
should  be  rejected.  As  an  alternative,  the  active  principle,  curarine, 
which,  however,  varies  in  potency,  as  it  proceeds  from  different 
laboratories,  may  be  cautiously  used.  The  cost  of  curare  is  great,  that  of 
curarine  almost  prohibitive.  Only  freshly  prepared  solution  should  be 
used  for  hypodermic  injection,  which  is  the  only  reliable  method  of 
administration. 

The  main  indication  for  the  employment  of  curare  has  been  uniformly 
recognised  as  motor  spasm ;  chorea,  epilepsy,  tetanus,  and  rabies  being  the 
disorders  in  which  it  has  been  used.  Whilst  the  successes  attained  have 
been  but  meagre,  there  are  reasons  for  thinking  that  by  the  employment 
of  insufficient  doses,  the  full  benefit  which  might  accrue  from  a  free  use  of 
the  drug  has  not  always  been  obtained.  Further,  it  must  be  admitted  that 
no  remedy  could  be  put  to  a  more  severe  trial  than  by  opposing  its  action 
to  such  disorders  as  developed  tetanus  and  rabies.  Muscular  immobilisa- 
tion by  curare  would  necessitate  artificial  respiration,  and  such  free  dosage 
may  be  justified  in  the  worst  forms  of  spasm,  even  in  view  of  Vulpian's 
opinion  to  the  contrary.  But  it  seems  clear  that*  even  a  more  moderate 
dosage,  causing  such  a  reduced  function  of  motor  nerves  as  is  indicated  by 
ptosis,  tremor,  and  inability  to  stand  without  aid,  is  followed  by  reduced 
severity  and  duration  of  spasmodic  conditions.  Such  a  favourable  degree 
of  action  has  occasionally  been  produced  in  man  (Wiesner  and  Hake,  Voison 
and  Lionville),  but  never  complete  immobilisation. 

Hydrophobia. — Whilst  a  few  observers  have  failed  to  influence  the 
developed  spasms  of  rabies  by  curare,  a  comparatively  larger  number  have 
seen  some  mitigation  in  the  spasm,  and  a  probable  delay  in  the  fatal  issue 
(Wiesner  and  Hake).  Penzoldt  administered  curare  so  freely  to  a  young  boy, 
that  the  doses  in  two  and  a  half  hours  totalled  a  single  lethal  dose.  This 
calculation  was  made  by  testing  the  sample  upon  dogs,  and  reckoning  the 
receptivity  of  boy  and  dog,  per  unit  of  weight,  as  equal.  This  vigorous 
treatment  caused  mitigation  of  the  urgent  symptoms,  but  the  hydrophobic 
spasm  was  not  prevented,  and  the  power  of  movement  was  by  no  means 
abolished,  for  the  patient  shortly  before  death  sprang  out  of  bed  in  his 
delirium.  This  may  be  regarded  as  a  typical  case  of  the  palliative  action  of 
curare.  There  are  a  few  records  of  actual  cures  of  alleged  cases  of  rabies. 
The  treatment  in  the  case  very  briefly  recorded  by  Watson,  also  recognised 
as  one  of  genuine  rabies  by  Flint,  consisted  in  repeated  injections  of 
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curare,  the  largest  individual  dose  being  O'Oll  grin. ;  whilst  in  Offenberg's 
case,  that  of  a  woman  bitten  by  a  rabid  dog  eleven  weeks  previously,  0'19 
gnu.,  in  all  distributed  amongst  seven  injections,  abolished  hydro  phobic 
spasm  within  h' ve  hours.  In  this  case  some  impairment  of  mobility  from 
muscular  paralysis  followed,  but  only  once  did  spasm  again  threaten,  when 
prompt  relief  was  afforded  by  a  0'03  grin,  curare  injection.  Though  it  is 
probable  that  rabies  is  fatal  in  other  ways  than  by  the  exhaustion  in- 
cident to  the  spasm  it  provokes,  the  treatment  of  the  main  symptom  is 
imperative,  and  may  be  as  suitably  carried  out  by  curare  as  by  any  other 
remedy  with  which  we  are  acquainted,  excepting,  perhaps,  the  general 
anaesthetics. 

Tetanus. — Quite  at  the  beginning  of  the  nineteenth  century,  the  possible 
value  of  curare  in  the  treatment  of  tetanus  seems  to  have  suggested  itself, 
but  the  result  of  such  trials  as  those  made  by  Sewell  upon  horses  did  not 
seem  to  point  to  the  probability  of  success  in  the  human  subject  (Brodie). 
No  relief  was  witnessed  by  Gintrac  using  Miahlis'  curare.  Whilst 
Grousillier  also  met  with  failure,  considerable  mitigation  of  spasm  was 
observed  by  Gontermaun  in  a  fatal  case  succeeding  head  injury,  and 
Hoffmann  saw  a  similar  result  follow  repeated  doses  of  0'017  grin,  of 
curare.  Busch,  using  O'OOG  to  0'02  grm.  of  curare,  or  0'0012  to  0'002  of  an 
impure  curarine  in  traumatic  tetanus,  met  with  moderate  success  when  the 
treatment  was  early  applied,  six  recoveries  occurring  out  of  eleven  cases,  but 
morphine  was  also  employed.  Vella  witnessed  relaxation  of  spasm  with 
intervals  of  calm  in  two  cases  of  tetanus,  treated  locally  by  curare ;  whilst  in 
a  third  case,  that  of  a  sergeant  wounded  at  Magenta,  he  claimed  that  large 
doses  had  achieved  a  cure.  After  each  dose  muscular  relaxation  de- 
veloped, and  the  patient  could  perform  such  acts  as  drinking  and  micturat- 
ing,  which  had  before  provoked  severe  spasm.  Macardle  reports  a  cure 
after  the  large  dose  of  0'046  grm.  every  fifth  hour.  Out  of  twenty-two  cases 
of  tetanus  treated  with  curare,  Deniine  had  eight  recoveries ;  Hoche  using 
the  curarine  of  Bohm,  in  doses  of  0'25  to  07  mgrm.,  saw  spasm  relax  in 
the  leg  and  abdominal  muscles,  whilst  the  hands  remained  clenched;  and 
Hoffmann  gave  the  alkaloid  progressively  in  1,  then  3,  and  finally  9  mgrms. 
with  success. 

Toxic  tetanus. — The  strychnine  spasm  may  be  reduced  in  activity  or 
even  temporarily  abolished  by  curare,  a  fact  demonstrated  experimentally 
by  Vella,  but  the  spasm  returns  as  the  action  of  the  drug  subsides. 
Antagonists  which  depress  the  reflex  centres  in  the  spinal  cord,  and  which 
have  a  more  persistent  action,  are  of  higher  value  than  curare  in  strychnine 
poisoning. 

Epilepsy. — Curare  has  been  extensively  used,  especially  in  France, 
where  interest  was  stimulated  in  the  drug  by  Bernard's  researches.  The 
earlier  observers  were  apparently  more  successful  with  the  remedy  than 
their  successors.  Thus,  of  the  latter,  Bourneville  and  Briton,  out  of  twenty 
cases  treated  with  curare,  saw  only  one  in  which  decided  improvement 
could  be  claimed,  whilst  Edlefseii  had  three  cures  and  three  cases  of 
marked  improvement  out  of  thirteen  epileptics.  More  satisfactory  results 
were  obtained  by  Benedikt  and  Thiercelin,  the  former  recording  six  cases 
of  cure,  and  eulogising  curare  as  a  specific  for  both  spasmodic  and 
mental  conditions ;  the  latter  giving  doses  amounting  to  0-03  to  0'05  grm. 
daily  (the  larger  being  a  lethal  dose,  if  given  at  once  to  a  dog  of  3  kilos), 
and  thereby  reducing  the  attacks  to  one  quarter  of  the  former  number  (to 
which  they  reverted  if  the  use  of  curare  was  suspended).  Voison  and 
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Liouville  obtained  moderate  success  in  a  number  of  epileptics  to  whom 
curare  was  given  in  sufficient  dose,  0*01  to  (Ho  grni.,  to  cause  slight  motor 
paralysis,  evidenced  by  drooping  of  the  upper  eyelid  and  strabismus. 

Chorea. — The  results  obtained  by  Beigel  and  others  were  not  en- 
couraging, though  daily  doses,  increased  from  0'0015  to  0*013  grni.,  benefited 
a  patient  of  Drummond's,  who  had  resisted  arsenic  and  the  bromides. 

Dose. — The  hypodermic  dose  of  an  average  curare  is  probably  from  0'004 
to  O'OIO  g  m.,  and  in  cases  of  urgent  spasm,  as  the  action  soon  passes  off, 
the  dose  may  be  repeated  after  thirty  or  forty  minutes.  Curarine  has  been 
variously  estimated  as  from  ten  to  twenty  times  as  active  as  curare ;  and 
though  the  proportions  vary,  probably  0'0004  grni.  would  be  a  safe  dose  to 
commence  with.  Curarines  obtained  from  different  laboratories  vary  in 
potency.  When  a  crystalline  curarine,  uniform  in  strength,  is  obtainable, 
it  is  probable  that  this  alkaloid,  which  has  no  serious  action  towards  man, 
excepting  that  which  can  be  relieved  by  artificial  respiration,  will  pass 
into  more  extensive  use  in  combating  serious  spasmodic  conditions. 

CUKINE. 

The  second  alkaloid  of  curare  (Bohm)  differs  from  curarine  in  acting  as 
a  heart  poison,  whilst  leaving  the  function  of  motor  nerves  and  cardiac 
vagus  unaffected.  Whether  more  than  a  trace  of  it  usually  occurs  in  the 
samples  of  curare  which  find  their  way  into  the  market,  is  doubtful.  Tillie 
found  that  0*2  grm.  of  curine,  administered  in  the  course  of  an  hour,  did  not 
greatly  affect  the  heart  of  a  rabbit,  and  therefore  it  is  unlikely  that  it  can 
act  dangerously  as  an  element  in  curare,  unless  large  doses  of  the  latter 
have  caused  vascular  paralysis,  which  would  make  any  superadded  depres- 
sion of  the  heart's  function  a  serious  matter. 

Some  of  the  cases  of  sudden  death  from  cardiac  failure  occurring  in 
curarised  animals  (Traube,  Vulpian)  may  possibly,  as  suggested  by  Tillie, 
have  followed  the  employment  of  a  curare  containing  an  excess  of  curine ; 
but  sensory  stimulation,  as  by  operation  in  presence  of  retained  activity  of 
the  cardiac  vagus,  is  the  more  probable  explanation  of  these  occurrences. 
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CONIUM. 

HEMLOCK. 
(B.P.  AND  U.S. P.) 

THE  British  Pharmacopoeia  includes  the  dried  full-grown  unripe  fruits,  and 
the  fresh  leaves  and  young  branches  of  Conium  maculatum  collected  when 
the  fruit  begins  to  form,  as  a  dual  source  for  the  preparations  of  hemlock ; 
but  the  United  States  Pharmacopoeia  recognises  only  the  fruit.  The 
mericarp  with  its  five  primary  ridges,  and  its  absence  on  section  of  vitta-, 
or  oil  channels,  is  further  separated  from  other  umbelliferous  fruits  by  the 
strong  odour,  described  as  mousey,  which  develops  when  it  is  triturated 
with  solution  of  caustic  potash.  The  same  odour  is  recognised  when 
the  leaves  are  similarly  treated.  When  preparations  of  hemlock  are  used 
medicinally,  it  is  obvious  that  the  proportion  of  coniine,  and  to  some  extent 
of  the  other  alkaloids  present,  will  be  the  criterion  of  activity. 

Composition. — The  plant  varies  in  its  alkaloidal  contents  according 
to  its  geographical  origin,  to  its  age,  and  the  year  or  season  of  the  year 
during  which  it  is  collected  ;  and  moreover,  one  portion  of  the  plant  is  richer 
in  alkaloidal  contents  than  another.  Thus  the  hemlock  of  Southern  Europe 
has  been  found  more  active  than  that  of  the  north  ;  the  ancients  ascribed 
more  potency  to  the  Athenian  than  to  the  Roman  variety.  Schroff  found 
that  the  fruits  of  second  year's  plants  were  more  active  than  those  of  the 
first  year,  and  further,  that  the  fully  grown  but  unripe  fruit  contained  more 
coniine  than  either  the  undeveloped  or  unripe  fruit.  Nine  pounds  of  ripe 
fruit  were  found  by  Geiger  to  yield  as  much  coniine  (namely,  1  oz.)  as  six 
pounds  of  unripe  fruit.  To  such  information  much  has  been  added  of 
recent  years,  but  mention  must  be  restricted  here  to  the  exhaustive  work 
of  Wright  and  Farr.  These  observers  found  that,  as  derived  from  different 
parts  of  the  plant  examined  at  various  periods  of  growth — 

The  roots  yielded   .     0'022  to  0'05  per  cent,  of  mixed  alkaloids. 
The  leaves     .         .     0-031  „  0'187  „  „ 

And  the  green  fruit    0'725  „  0'975  „  ,, 

whilst  in  fruit  collected  in  three  different  years  there  was  a  variation  of  from 
0'725  to  1'088,  or  0'253  per  cent.  They  estimated  that  a  good  sample  of  fruit 
collected  at  the  right  time  and  carefully  dried,  no  loss  of  alkaloid  resulting 
from  a  temperature  of  100°  F.,  should  yield  2  per  cent,  of  mixed  alkaloids, 
among  which  coniine  is  present  to  the  extent  of  95  per  cent.,  the  other 
alkaloids — conhydrine  being  the  chief  of  them — amounting  to  only  5  per  cejit. 
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To  tlie  uncertainty  in  strength  of  hemlock  preparations,  due  to  such 
natural  variations  in  the  yield  of  alkaloids,  has  been  superadded  unsuitable 
methods  of  preparation.  The  use  of  dried  leaves  in  time  past  has 
originated  feeble  or  valueless  preparations,  inasmuch  as  drying  occasions  a 
loss  of  coniine.  Schoonbroodt  obtained  three  and  a  half  times  as  much 
coniine  from  the  fresh  leaves  as  he  did  from  the  dry.  The  succus,  which 
was  regarded  by  most  physicians  as  one  of  the  best  preparations  of 
hemlock,  inasmuch  as  it  was  prepared  from  the  fresh  leaves,  nevertheless 
varied  so  much  in  activity  that  the  dose  proposed  for  it  (|  to  1  fluid  drm.) 
by  the  B.P.  of  1867,  was  frequently  increased  to  four  or  even  eight  times 
the  permitted  maximum,  before  a  distinct  action  could  be  obtained  from  it. 
This  uncertainty  has  contributed  to  the  comparative  disuse  into  which 
hemlock  has  fallen.  The  standardised  succus  and  tincture  prepared  from 
the  fruits  of  the  hemlock  by  Wright  and  Farr,  have  been  found  by 
Findlay  to  be  active  in  proportion  to  their  alkaloidal  contents. 

ALKALOIDS  OF  CONIUM. 

Coniine  is  the  main  alkaloid.  It  was  first  separated  in  pure  form  by 
Geiger  in  1831,  though  it  had  been  obtained  by  Giseke  in  an  impure 
state  four  years  previously.  Much  more  recently  Wertheim  succeeded  in 
splitting  up  another  alkaloid  of  hemlock — conhydrine,  into  coniine  and 
water ;  whilst  Ladenburg  in  1886  prepared  the  alkaloid  synthetically  by 
reducing  a-allyl  pyridine  in  alcoholic  solution  by  means  of  sodium. 

Coniine,  to  which  Hofmann  has  given  the  formula  C8H17N,  is  a 
secondary  base  homologous  with  piperidine,  the  basic  principle  derived 
from  piperine  of  the  pepper  group,  and  may  be  itself  described  as  a-propyl 
piperidine.  When  methylated,  coniine  yields  N-methyl-coniine,  which  is 
also  a  natural  constituent  of  hemlock. 

CH2  CH2  CH2 


Grig   CH2  CH2   CH2  GH.)   GH9 

CH    GHo  GH    CH.CHo.CHij.CH3         GH2  GH.GHo.GHo.GHj5 


NH  NH  KCHg 

(Piperidine.)  (Coniine.)  (Methyl-coniine.) 

Like  nicotine,  couiine  contains  a  reduced  pyridine  group,  which  may 
account  for  the  similarity  which  exists  in  their  action  ;  the  different  side 
groups,  however,  causing  a  variation  in  their  individual  activity,  coniine 
being  the  weaker  of  the  two  (Tunnicliffe,  Moore,  and  Row). 

It  is  a  colourless  oily  liquid,  soluble  in  alcohol  and  ether,  but  only 

\   slightly  in  water,  having  a  penetrating  and  stupefying  odour  and  a  burning 

1  nicotine-like  taste.     Nitric  acid  converts  it  into  nitrosoconiine,  a  thick 

oily  body.     It  is  highly  basic,  forming  salts  which  are  much  less  active 

j  pharmacologically  than  itself.     It  precipitates  albumin,  for  which  it  has  a 

'  strong  affinity  (Husemann). 

Coniine  is  irritant,  and  is  less  suited  to  hypodermic  use  than  some 
of  its  salts.  Given  by  the  mouth,  0'037  grm.  has  caused  distinct 
physiological  symptoms  (Wertheim,  Schroff),  and  even  O015  may  be 
unpleasant  in  its  effects.  The  commencing  dose  is  about  O002  grin.  By 
inhalation  0-002  to  0'005  may  be  used.  It  is  essential  that  a  recent 
specimen  should  be  employed.  The  hydrobromide  is  more  stable  than  the 
M 
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imcombined  alkaloid ;  it  is  crystalline,  is  soluble  in  alcohol  or  water,  and 
is  suited  to  administration  by  the  mouth  (0'005  increased  to  0*04  grm.  or 
even  more),  and  to  hypodermic  use  in  doses  commencing  with  0'0015  grm 

Methyl-coniine  (C9H19N)  is  a  natural  constituent  of  hemlock,  and  is 
further  obtained  by  the  methylation  of  coniine.  Its  physical  properties 
are  very  similar  to  those  of  the  more  important  alkaloid,  but  it  does  not 
yield  nitrosoconiine  when  treated  with  nitric  acid.  It  is  frequently  present 
in  commercial  samples  of  coniine  (Planta  and  Kekule). 

Isoconiine  is  stereoisomeric  with  coniine,  but  is  an  uncertain  con- 
stituent of  hemlock  (Liebreich). 

Conhydrine,  C8H17NO,  an  alkaloid  crystalline  in  character  present  in 
hemlock.  It  may  serve  as  a  source  of  coniine.  This  body  separates  from 
coniine  when  the  mixture  is  cooled  to  zero.  Pseudo-conhydrine,  C8Hi:NO, 
is  isomeric  with  conhydrine. 

CONIUM  AND  CONIINE. 

Pharmacology. — Absorption  and  elimination. — The  active  prin- 
ciples of  hemlock  do  not  appear  to  be  absorbed  from  the  unbroken  skin 
with  the  facility  with  which  nicotine  is;  in  fact,  no  cases  of  poisoning 
from  such  applications  are  recorded  as  having  taken  place  in  man,  though 
the  treatment  of  sores  and  cancerous  surfaces  has  been  productive  of 
poisoning  in  a  few  cases.  Absorption  of  coniine  from  mucous  and  sub- 
cutaneous tissues  is  rapidly  accomplished,  the  toxicity  by  the  former 
channel  being  relatively  high,  whilst  from  the  rectal  mucous  surface  the 
effect  is  distinctly  less  rapid.  A  large  dose  of  the  alkaloid  thrown  into  the 
jugular  vein  of  a  small  mammal  may  produce  symptoms  in  fifteen  seconds, 
and  death  within  a  minute.  Birds  are  poisoned  almost  instantaneously 
when  their  beaks  are  dipped  into  the  alkaloid  itself,  but  the  effect  of  sub- 
cutaneous injection  is  much  less  rapid.  During  the  first  twelve  hours 
after  administration  much  of  the  coniine  is  eliminated  with  the  urine,  but 
traces  have  been  detected  for  two  and  a  half  days.  The  concentrated 
urine  of  coniinised  rabbits  is  typically  active  towards  frogs.  Liebreich 
states  that  the  alkaloid  is  to  be  found  in  the  sediment  which  separates  out 
of  an  abundant  urine  resulting  from  prolonged  administration  of  hemlock. 

Separation  of  the  volatile  principle  also  occurs  by  the  lungs,  whilst  a 
certain  proportion  is  supposed  to  be  decomposed  in  the  tissues.  A  slight 
degree  of  tolerance  seems  to  lie  established  on  readministration  of  coniine 
to  animals. 

Pish  and  frogs. — In  spite  of  alleged  exceptions,  it  may  be  accepted 
that  conium  is  an  universal  poison  to  all  classes  of  animals,  though 
its  toxicity  is  much  inferior  to  that  of  nicotine.  Dworzak  and  Heinrich 
express  this  relationship  as  1  to  16. 

A  fish  placed  in  500  c.c.  water  containing  01  coniine,  after  passing 
excitement  becomes  apathetic,  the  fin  and  gill  movements  are  slower,  and 
it  turns  on  its  side  and  dies  if  not  promptly  transferred  to  fresh  water. 
Even  if  it  is  so  transferred,  recovery  is  very  gradual. 

Frogs  are  quiescent  after  medium  doses,  voluntary  and  reflex  as  well  as 
respiratory  movements  gradually  failing,  whilst  the  heart  beats  on.  Spasm 
is  seldom  observed,  and  even  if  a  ligature  is  applied  to  the  vessels  of  one 
hind  limb  before  coniine  is  injected  into  the  dorsal  sac,  there  is  no  more 
movement  on  this  than  on  the  poisoned  side.  Eeflex  action  is  preserved 
in  the  protected  leg,  and  is  present  when  stimulation  of  the  sciatic  on 
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the  poisoned  side  has  ceased  to  cause  muscular  contraction,  but  it  may 
disappear  whilst  circulation  persists.  Sensory  stimulation  of  parts  of  the 
body  to  which  the  poison  has  had  access  will,  for  some  time  at  any  rate 
after  motor  paralysis  has  appeared,  cause  reflex  movement  in  the  protected 
limb.  So  far  coniine  acts  like  curare,  and  it  agrees  also  in  this  respect, 
that  skeletal  muscular  tissue  retains  its  function  (Fleiss),  that  the  heart 
continues  to  beat,  and  that  with  the  lapse  of  time  all  the  tissues  involved 
in  the  paralysis  may — the  dose  permitting — resume  their  proper  action. 
The  primary  and  main  paralysis  is  peripheral,  as  Kolliker  first  recognised, 
and  is  located  in  the  intramuscular  portion  of  motor  nerves. 

When  the  action  of  coniine  stops  short  of  entirely  suspending  reaction 
to  indirect  stimulation,  the  result  obtained  from  a  repetition  of  induction 
shocks  is  a  rapidly  declining  series  of  contractions, — the  muscle  at  last 
failing  to  move  the  recording  lever  altogether ;  but  after  an  interval  of  rest 
the  muscle  becomes  capable  of  responding  anew,  and  the  same  phenomenon 
of  rapid  fatigue  may  be  elicited.  Bohm  has  seen  a  similar  occurrence  in 
partial  curare  poisoning,  and  the  author  has  described  it  as  an  element  in 
the  action  of  certain  alkaloids  of  aconite. 

Mammals,  including  man. — Many  cases  are  recorded  of  poisoning 
by  hemlock  in  man,  either  as  a  result  of  mistaken  use  of  the  leaves  or 
roots,  or  of  chance  or  purposeful  swallowing  of  medicinal  preparations. 
Salivation,  a  tendency  to  vomit,  dimness  of  vision,  oppression  in  the  head, 
slowing  of  the  pulse  and  respiration,  giddiness  (Watson  and  others), 
uncertain  gait,  developing  into  complete  loss  of  control  over  the  limbs, 
the  legs  being  first  affected,  the  mind  as  a  rule  remaining  clear  and  general 
sensibility  unimpaired,  are  usual  symptoms.  To  these  are  occasionally 
superadded  a  feeling  of  weight  in  the  limbs,  partial  or  complete  stupor 
(Haaf),  delirium,  sometimes  amounting  to  frenzy  (Agasson,  Vicat),  con- 
viilsive  movements,  loss  of  sight,  of  hearing,  and  of  the  ability  to  swallow 
or  articulate  (Bennett).  Death  is  due  to  respiratory  failure. 

Motor  system. — In  mammals  generally  the  main  result  of  hemlock  or 
coniine  poisoning  is  motor  paralysis.  According  to  Irnsen,  convulsions 
occurred  in  52  per  cent,  of  his  experiments  on  animals,  and  Schroff  regarded 
this  condition  as  usual  when  rabbits  were  subjected  to  the  action  of  coniine ; 
but  in  experiments  performed  upon  human  subjects,  cramp  in  the  muscles 
of  the  calf  of  the  leg  or  ball  of  the  thumb  were  the  only  symptoms  of  this 
nature  resulting  from  the  necessarily  restricted  doses  employed.  Stiffness 
with  extension  of  the  fore-limbs  has  been  described  in  rabbits  (Crum  Brown 
and  Fraser),  as  well  as  a  hypersesthetic  condition,  as  early  results  of  coniine 
administration.  Paralytic  symptoms  in  animals  in  general  are  speedily 
developed  by  large  doses  of  coniine,  so  that  the  animal  lies  on  its  side 
unable  to  assume  the  ventral  position,  much  less  to  stand.  But  this 
condition  may  be  interrupted  shortly  before  death,  and  also  at  earlier 
stages  of  poisoning,  by  convulsive  movements.  Spasms  in  animals  are 
mainly  clonic  and  occasional  in  character ;  they  may  be  purely  dyspnreal, 
and  attended  with  passing  unconsciousness  and  dilatation  of  the  pupil ; 
usually  they  are  relieved  by  artificial  respiration  (Pre'vost),  though  Gutt- 
mann  and  others  have  seen  this  unavailing.  It  is  to  be  remembered  that 
artificial  respiration  may  not  immediately  relieve  dyspnoeal  spasms  if  the 
blood  has  become  very  venous. 

The  progression  of  the  coniinised  animal  is  ataxic  and  reeling,  the  hind 
legs  are  primarily  affected,  the  abdominal  wall  is  lax,  and  the  excitability 
of  motor  nerves  is  reduced  or  ultimately  abolished.  Kolliker  asserts  that 
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complete  paralysis  may  occur  in  forty-five  seconds  after  injecting  into  the 
jugular  vein,  but  in  slower  poisoning  motor  nerves  retain  their  excitability 
until  some  time  after  artificial  respiration  has  become  necessary  in  order  to 
maintain  life  (Pelissard,  Jolyet  and  Cahours).  A  paralytic  condition,  as 
Bohni  remarks,  is  quite  compatible  with  good  reaction  of  motor  nerves  to 
stimulation. 

The  paralysant  action  of  coniine  has  been  referred  by  Christison  to  the 
spinal  cord,  by  Bochefontaine  to  nerve  centres,  by  Van  Praag  and  many 
others  to  the  medulla  oblongata,  by  Harley  to  a  depression  of  basal  ganglia, 
and  by  many  observers  to  an  effect  upon  the  anterior  columns  of  the 
spinal  cord ;  whilst,  on  the  other  hand,  it  has  been  regarded  as  exclusively 
peripheral  by  Kolliker,  Guttmann,  Prevost,  and  others.  The  latter  view 
has  been  so  far  adopted  by  recent  workers  (Cushny,  Moore  and  Row),  as 
to  lead  them  to  conclude  that  there  is  no  distinct  evidence  that  motor 
centres  are  actively  involved  in  coniine  poisoning,  but  to  this  guarded 
opinion  it  might  be  added  that  the  possibility  of  such  participation  has 
not  as  yet  been  sufficiently  disproved.  It  is  possible,  when  preparations 
of  the  whole  plant  are  employed,  that  the  presence  of  an  unusual  proportion 
of  methyl-coniiue,  which  paralyses  the  cord  (Crum  Brown  and  Fraser), 
might  contribute  to  a  central  action. 

The  convulsions  following  coniine  have  been  referred  to  a  direct  central 
stimulation  (Harnack,  with  Meyer  and  Guttmann),  the  allegation  that 
they  are  often  unrelieved  by  artificial  respiration  being  used  in  support  of 
this  theory.  Though  the  question  is  not  finally  settled,  the  view  mainly 
entertained  at  present  is  that  advanced  by  Kolliker,  Prevost,  and  others, 
who  recognise  the  spasmodic  state  as  secondary  to  respiratory  failure.  The 
absence  of  convulsions  in  frogs,  which  possess  a  supplementary  respiratory 
system  in  the  skin,  strengthens  this  contention. 

From  the  records  of  hemlock  poisoning  it  is  to  be  inferred  that  spasm 
is  less  frequently  observed  in  man  than  in  the  lower  animals.  This  is 
probably  due  to  the  respiratory  mechanism  being  more  directly  under  the 
control  of  the  will  in  the  former,  and  to  the  absence  of  cases  of  very  rapid 
poisoning,  which,  in  animals,  are  most  apt  to  be  attended  by  spasm. 

Sensation. — Preservation  of  consciousness  and  sensation  has  been 
commonly  observed  in  animals  poisoned  by  hemlock  and  coniine  (Van 
Praag,  Brown  and  Davidson,  and  others),  and  in  man  even  at  a 
time  when  muscular  paralysis  was  rapidly  developing  (Harley).  Experi- 
ments upon  the  lower  animals  have  led  Kolliker  and  Guttmann  to 
believe  that  sensory  nerves  are  unaffected.  On  the  other  hand,  a  distinct 
sensory  cerebro-spinal  depression  is  contended  for  by  Gubler;  whilst 
clinical  observations,  in  which  the  relief  of  pain  and  diminution  of  spasm 
have  followed  the  use  of  hemlock,  would  seem  to  indicate  a  sedative  effect 
exercised  during  excitement  of  sensory  nerves,  and  the  reflex  condition 
arising  therefrom ;  but  this  effect  is  at  most  an  uncertain  and  feeble  one. 

Vision. — Dimness  and  confusion  of  vision  in  hemlock  poisoning  arises, 
according  to  Hogyes,  from  impaired  activity  of  the  co-ordinating  centre, 
reducing  the  compensatory  movements  of  the  eye.  The  pupil  appears  to 
be  usually  dilated,  but  the  condition  is  inconstant. 

Alimentary  canal. — Within  the  alimentary  canal  hemlock  causes  some 
irritation,  to  which  vomiting  and  occasional  purgation  bear  evidence. 
Peristaltic  movement  of  the  intestine  is  not  checked  even  by  large  doses 
of  coniine.  Ecchymosis  of  the  mucous  lining  -has  been  recognised  in  the 
stomachs  of  men  who  had  died  after  partaking  of  the  leaves  of  hemlock 
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(Orfila,  Bennett) ;  but  in  Orfila's  experiments  upon  dogs,  with  the  excep- 
tion of  an  occasional  reddening  of  the  mucosa,  no  characteristic  change 
followed  on  the  introduction  into  the  stomach  of  large  quantities  of  the 
leaf  or  its  preparations.  Increased  fluidity  of  the  blood  observed  after 
death  is  secondary  to  the  respiratory  changes. 

Heart  and  circulation.  —  The  persistency  of  the  heart's  action,  even 
after  considerable  doses  of  coniine,  has  been  recognised  on  almost  all 
hands,  the  organ  continuing  active  as  long  after  respiratory  failure  as  an 
unpoisoned  heart.  Imsen  observed  the  ventricle  contracting  twenty-three 
minutes  after  respiratory  failure.  To  stimulation  of  the  vagus  roots,  and 
possibly  of  vagus  endings  within  the  heart  (Bohm),  has  been  attributed 
the  original  slowing  of  the  pulse  and  fall  of  blood  pressure,  whilst  the 
subsequent  acceleration  (Lautenbach)  succeeds  the  peripheral  suspension 
of  inhibition.  Jolyet  and  Prevost  regard  the  cardiac  vagus  endings  as 
deprived  of  their  inhibitory  function  before  the  motor  nerves  are  paralysed. 
The  vasomotor  centre  (probably  like  the  respiratory)  is  at  first  stimulated 
by  coniine,  but  this  is  not  the  main  cause  of  the  rise  of  blood  pressure 
witnessed  after  the  vagi  have  been  divided  or  put  out  of  play  by  atropine. 
The  vascular  stenosis  which  coniine  produces  is  mainly  peripheral  in 
origin  (Moore  and  Eow),  though  whether  this  condition  is  brought  about 
through  the  medium  of  ganglia  (Langley  and  Dickinson),  or  by  a  direct 
appeal  to  the  contractile  coats  of  the  small  vessels,  is  not  decided.  The 
repeated  injection  of  coniine  into  the  vessels  fails  at  last  to  develop  the 
rise  of  pressure,  as  the  walls  lose  the  power  of  contraction.  Perfusion 
of  the  systemic  vessels  of  a  cold-blooded  animal  is  also  followed  by 
vascular  stenosis  (Moore  and  Row). 

Respiration,  which  shows  soon  after  absorption  of  coniine  a  slight 
acceleration,  apparently  of  central  origin,  is  thereafter  slowed,  and  by 
large  doses  speedily  arrested.  It  is  impossible  as  yet  to  decide  in  how  far 
this  is  attributable  to  a  central  or  a  motor  nerve  failure  at  the  periphery ; 
probably  both  causes  are  contributory.  It  is  alleged  that  the  function  of 
the  phrenic  nerve  is  peculiarly  impaired  by  this  poison.  Coniine  reduces 
oxidation.  The  blood  is  frequently  very  fluid  after  death  from  poisoning, 
but  this  is  probably  secondary  to  the  failure  of  respiration. 

The  diuresis  caused  by  hemlock  is  unimportant;  the  frequent 
micturition  recorded  (Orfila,  Wibmer)  is  mainly  due  to  a  reduction  in  tone 
of  the  sphincter  vesicre. 

A  destructive  action  on  the  coloured  corpuscles,  ascribed  to  coniine 
by  Damourette  and  Pelvet,  is  probably  not  produced  by  the  alkaloid  within 
the  body. 

Synergists. — Nicotine,  piperidine,  and  bodies  of  the  curare  group  are 
related  in  their  action  to  coniine. 

Antagonists. — Such  spasm-producing  bodies  as  strychnine  and  brucine 
are  only  partially  antidotal.  Stimulants  and  tannic  acid  may  be  given 
by  the  mouth.  In  the  treatment  of  poisoning,  chief  reliance  is  to  be 
placed  upon  artificial  respiration. 

Therapeutics.  —  External.  —  Storck's  alleged  cures  of  cancer  by 
hemlock,  which  were  made  known  in  1763,  attracted  much  attention,  and 
whilst  Recamier  and  Bayle  confirmed  his  observations,  others,  especially 
Andre  and  Alibert,  speedily  recognised  that  the  treatment  was  valueless. 
Nevertheless  local  applications  by  poultice  or  unguent  have  been  much 
used  in  the  treatment  of  tumours  locally ;  and  even  Trousseau,  who  adversely 
criticised  Storck's  "  cures,"  saw  tumours  diagnosed  as  cancerous,  disappear 
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under  hemlock ;  but  it  is  noteworthy  that  massage  and  the  iodides  were 
also  used  in  these  cases.  Strumous  swellings  and  ulcerations  were  largely 
treated  by  hemlock,  as  well  as  strumous  ophthalmia  with  photophobia 
(Froniniiller),  in  which  both  the  succus  and  liniments  of  hemlock  or  collyria 
of  coniine,  1  to  120  almond-oil  (Mauthner),  have  been  successfully  used. 

Internal. — Both  hemlock  and  coniine  have  been  used  in  cancerous 
disorders,  but  whilst  pain  is  occasionally  relieved  in  carcinomas  of  the 
alimentary  canal  (Walshe,  Harley),  there  is  uot  the  faintest  prospect  of 
cure.  Glandular  swellings  and  other  strumous  conditions  have  been  said 
to  be  relieved ;  doses  of  O'Ol  grin,  of  coniine  being,  it  is  claimed,  especially 
useful  in  blepharitis.  Strumous  affections  are  now  but  rarely  treated  by 
hemlock,  for  the  benefit,  if  any,  is  very  slight. 

Pain. — In  painful  rheumatic  conditions,  sciaticas,  and  other  neuralgias 
(Chaussier),  hemlock  is  an  uncertain  palliative,  and  even  when  employed 
hypoderniically  coniine  was  found  by  Busch  and  Gubler  to  be  much 
inferior  to  opium.  Visceral  pain  is  occasionally  well  met  by  hemlock, — 
gastralgia  is  of  this  nature  (Eeil,  Walshe),  and  the  relief  of  ovarian  pain  by 
pessaries  containing  hemlock  is  insisted  on  by  Meadows. 

Spasmodic  states. — In  cases  of  irritable  cough  occurring  in  phthisical 
patients,  inhalation  of  steam  medicated  with  Succus  Conii  or  coniine  may 
afford  relief,  but  the  value  of  hemlock  is  greater  when  the  cough  is  of  a 
distinctly  spasmodic  character  and  the  secretion  is  not  very  abundant. 
Thus  whooping-cough  has  been  extensively  treated  by  it,  and  in  a  fair 
proportion  of  mild  cases  expectoration  is  promoted  and  the  spasm  abated 
in  intensity  by  its  use,  though  the  disorder  is  by  no  means  arrested  in  its 
progress.  A  sedative  effect  upon  medullary  and  spinal  centres,  and  a 
depression  of  the  excited  function  of  nerve  terminations,  appear  to  follow 
its  employment  in  medium  doses.  It  is  an  uncertain  remedy,  though 
occasionally  valuable  in  asthmatical  conditions.  As  a  means  of  reducing 
reflex  spasm  in  traumatic  tetanus  and  the  toxic  spasm  of  strychnine  and  its 
allies,  hemlock  is  inferior  to  many  other  remedies.  Even  as  an  antidote  to 
brucine  its  employment  is  only  partially  successful  (Schultz  and  Peiper). 
In  chorea  (Harley)  and  in  the  spasmodic  disorders  of  dentition,  including 
laryngismus  stridulus  (Schlessinger),  hemlock  may  be  of  distinct  service, 
whilst  sexual  excitement  of  reflex  origin  is  occasionally  subdued  by  it. 
Other  remedies  are  now  usually  preferred  for  the  treatment  of  epilepsy, 
though  Trowbridge  and  Mayberry  have  had  considerable  success  with  the 
hydrobromate  of  coniine  given  hypodermically  in  this  disorder.  Local 
muscular  cramps  (Harley,  Hammond),  paralysis  agitans,  and  mercurial 
tremor  (M'Whinnie)  are  said  to  be  controlled  by  hemlock. 

Cerebral  excitement. — For  the  relief  of  cerebral  disorders,  especially  of  a 
maniacal  character,  attended  by  motor  excitement,  hemlock  or  coniine 
given  in  large  doses  is  stated  by  Burman  to  be  very  useful,  and  Crichton 
Browne  also  saw  benefit  from  the  same  treatment,  which  procured  rest  and 
prevented  the  occurrence  of  exhaustion. 

Intermitting  and  typhoid  fever  (Wertheim),  as  well  as  inflammatory 
conditions  of  the  viscera  and  of  serous  membranes,  were  at  one  time 
treated  by  hemlock,  which  slows  the  pulse  and  somewhat  moderates  pain, 
but  beyond  slight  palliation  no  lasting  benefit  is  likely  to  follow.  For  the 
suppression  of  the  lacteal  secretion  in  cases  of  threatened  mammary 
abscess,  hemlock  has  been  employed  by  Alstadter  and  others. 

Harley  insists  upon  the  importance  of  giving  hemlock  in  doses 
sufficient  to  cause  physiological  results,  and  no  doubt  this  practice  may  be 
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lecessary  if  it  is  decided  to  use  the  drug  in  urgent  cases  of  spasmodic  or 
laniacal   excitement,   but   benefit   from   medium    divided  doses   is   also 
)gnisable  when  the  conditions  are  less  urgent.     The  action  of  hemlock 
transitory  in  character,  and  a  certain  degree  of  tolerance  is  established 
)wards  it,  which  may  call  for  an  increase  in  the  dosage. 

The  preparations  in  the  British  Pharmacopoeia  are  a  succus  (dose,  1  to 
2  fl.  drms.)  and  an  ointment  prepared  from  the  leaves,  and  a  tincture  (dose, 
\  to  1  fl.  drm.)  prepared  from  the  fruit.  The  United  States  Pharmacopoeia 
has  an  extract  and  a  fluid  extract. 

OTHER  ALKALOIDS  OF  CONIUM. 

Methyl-coniine,  which  exists  in  small  and  variable  proportions  in  hem- 
lock, whilst  falling  short  of  coniine  in  its  toxicity,  produces  spasm  and 
paralysis  in  rabbits,  and  frogs  become  rapidly  immobilised  after  its  injection. 
Lccording  to  Crum  Brown  and  Fraser  (who  made  use  of  the  hydrochlorate), 
le  order  of  action  varies,  so  that  whilst  both  motor  nerve  activity  and  reflex 
motion  of  the  cord  are  ultimately  abolished,  the  motor  nerves  are  primarily 
effected  by  large,  the  reflex  function  by  small  doses  of  the  alkaloidal  salt. 
Conhydrine  is  similar  to  coniine  in  its  action,  but  relatively  weaker. 
Pseudo-conhydrine  is  qualitatively  like  both  these  alkaloids,  but  is 
3ss  powerful  than  conhydrine. 

Findlay  estimates  the  toxic  dose  of  the  two  last-named  alkaloids  in  the 
jrm  of  hydrochlorates  towards  guinea-pigs  as  follows : — 

Coniine  hydrochlorate,  0'0353  to  0'038  grm.  per  kilo  body  weight. 
Conhydrine  hydrochlorate,  0'257  ,,  „ 

Pseudo-conhydrine  hydrochlorate,  above  0'3         „  „ 

id  for  all  the  mixed  alkaloids  as  hydrochlorates,  in  their  usual  proportion, 
0-0359  to  0-044  grm. 
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NITEITES  AND  OEGANIC  NITRATES. 

AMYL  NITRITE,  SODIUM  NITRITE,  ETHYL  NITRITE,  SPIRIT  OF  NITROUS 
ETHER,  NITROGLYCERIN,  EiiYTHROL-NiTRATE.1 

AMYL  NITRIS. 

(B.P.    AND   U.S.P.) 

AMYL  NITRITE  is  a  volatile  liquid  with  a  peculiar  penetrating  odour,  almost 

insoluble  in  water.     It  consists  chiefly  of  a-amyl  nitrite  and  /3-amyl  nitrite 

with  some  isobutyl  nitrite,  but  its  composition  is  not  definite,  and  it  may 

1  A  notice  of  some  preparations  not  commonly  used  will  be  found  at  the  end  of  this  article. 
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contain  propyl  and  ethyl  nitrite,  besides  aldehyde  and  other  impurities. 
It  decomposes  gradually  in  contact  with  water,  nitrous  acid  being  formed. 

SODII  NITRIS. 

(B.P.    AND   U.S. P.) 

Nitrite  of  sodium  is  very  soluble  in  water,  but  only  slightly  soluble  in 
alcohol.  It  is  readily  decomposed  by  weak  acids.  It  deliquesces  when 
exposed  to  the  air,  and  is  slowly  oxidised  to  sodium  nitrate. 

ETHYL  NITRITE. 

(B.P.) 

This  is  only  official  as  Liquor  Ethyl  Nitritis  (B.P.),  which  consists  of  95 
per  cent,  absolute  alcohol,  containing  when  freshly  made  3  per  cent,  by 
weight  of  ethyl  nitrite  (C.,H5N02) ;  and  5  per  cent,  of  glycerin  to  prevent 
its  decomposition.  In  the  presence  of  water  or  watery  vapour,  ethyl 
nitrite  decomposes,  nitrous  acid  being  formed ;  the  solution  must  therefore 
be  kept  in  well-stoppered  bottles,  to  prevent  the  absorption  of  aqueous 
vapour  from  the  air.  With  moderate  care,  the  official  solution  of  ethyl 
nitrite  will  contain  2|  per  cent,  of  ethyl  nitrite  even  when  it  has  been 
long  kept ;  when  mixed  with  water,  some  of  the  ethyl  nitrite  escapes,  and 
decomposition  rapidly  occurs. 

SPIRITUS  ^ETHERIS  NITROSI. 
(B.P.  AND  U.S. P.) 

Spirit  of  nitrous  ether  is  a  solution  of  nitrite  of  ethyl,  in  strong  alcohol, 
but  it  contains  also  acetate  of  ethyl,  aldehyde,  paraldehyde,  and  traces  of  many 
other  organic  substances.  When  freshly  made,  spirit  of  nitrous  ether  con- 
tains three  volumes  of  ethyl  nitrite,  but  it  decomposes  more  rapidly  than  the 
liquor,  and  often  contains  considerably  less  than  2|  per  cent,  of  ethyl  nitrite. 

LIQUOR  TRINITRINI — SPIRITUS  GLONOINL 

(B.P.)  (U.S.  P.) 

Nitroglycerin,  trinitrin,  or  glonoin  (C3H53N03),  is  a  trinitrate  of 
glyceryl.  It  has  a  sweet,  somewhat  pungent  taste,  and  is  soluble  in  about 
800  parts  of  water,  and  in  10  of  alcohol  (90  per  cent.).  In  the  presence  of 
alkalies  or  their  carbonates,  or  of  sodium  phosphate,  nitroglycerin 
decomposes,  two-thirds  of  the  nitric  acid  being  reduced  to  nitrous  acid, 
which  combines  with  the  alkali.  The  preparations  of  both  Pharmacopeias, 
although  having  different  names,  are  each  alcoholic  solutions,  containing 
1  gr.  of  trinitrin  in  110  minims.  When  mixed  with  an  equal  quantity 
of  water,  trinitrin  separates,  and  is  deposited,  unless  the  water  is  in  great 
excess.  Solutions  of  trinitrin  in  water  or  alcohol  keep  well.  There  is  a 
Tabella  Trinitrini  (B.P.) ;  each  contains  -f^v  gr.  of  trinitrin. 

TETRANITRATE  OF  ERYTHROL  (not  official),  recently  introduced  by  Brad- 
bury, is  a  crystalline,  colourless,  and  tasteless  substance,  insoluble  in  water 
but  soluble  in  alcohol.  It  can  be  obtained  in  the  form  of  tablets  con- 
taining ^  gr.  of  the  nitrate. 

Pharmacology. — General. — The  action  of  the  nitrites  and  organic 
nitrates  is  so  similar  that  they  may  be  considered  together.  Ten  to 
twenty  seconds  after  commencing  the  inhalation  of  four  or  five  drops 
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of  aiuyl  nitrite,  there  is  a  peculiar  sense  of  fulness  in  the  head.  This 
is  followed  by  flushing  of  the  face,  and  often  there  is  a  slight  choking 
sensation  with  a  tendency  to  cough,  and  suffusion  of  the  eyes.  The 
pulse  is  increased  in  frequency  even  before  the  flushing  appears,  and 
its  rate  may  be  doubled ;  it  is  much  lowered  in  tension,  and  strikes 
the  finger  more  sharply.  The  flushing  may  be  accompanied  by  throb- 
bing in  the  head,  slight  giddiness,  and  mental  confusion,  beating  of  the 
carotids,  and  prominence  of  the  temporal  arteries.  If  much  of  the  nitrite 
be  inhaled,  the  respiration  may  become  laboured,  and  there  may  be 
weakness  and  irregularity  of  the  heart's  action,  muscular  relaxation,  and 
partial  loss  of  consciousness.  In  the  lower  animals,  after  continued  ex- 
posure to  the  vapour  of  amyl  nitrite,  the  pulse  and  respiration  become 
eventually  reduced  in  frequency,  the  blood  becomes  dark-coloured  from 
the  formation  of  methsemoglobin,  the  temperature  falls,  convulsive  attacks 
sometimes  occur,  and  death  takes  place  from  failure  of  the  respiration. 
Indistinctness  of  vision,  and  a  yellow  spot  with  a  violet  outline  on  the 
surface  gazed  upon,  have  been  noticed  in  some  cases.  The  phenomena 
produced  by  inhalation  of  a  few  minims  of  amyl  nitrite  usually  disappear 
almost  entirely  in  two  or  three  minutes  after  it  has  ceased,  though  at 
times  some  trace  of  them  may  be  noted  for  a  quarter  to  half  an  hour. 
Occasionally  a  slight  perspiration  bedews  the  head  and  face  when  the  flush 
has  subsided,  and  in  some  a  headache  lasting  for  some  hours  may  be  caused. 

The  effects  of  nitrite  of  amyl  absorbed  through  the  stomach  differ 
somewhat  from  those  observed  after  inhalation.  Ringer,  on  giving 
nitrite  of  amyl  in  alcoholic  solution  to  nervous  patients,  noted  that,  in 
some,  powerful  effects  were  produced  by  1  minim,  or  even  less.  But 
these  effects  were  probably  due  to  the  inhalation  of  the  vapour  as  it  is 
being  swallowed.  As  a  rule,  3  to  5  minims,  given  in  a  capsule,  produces 
a  fall  of  tension  which  sets  in  two  or  three  minutes  after  the  bursting 
of  the  capsule,  and  may  last  for  two  hours,  but,  save  for  slight  eructations, 
there  may  be  no  subjective  phenomena.  On  several  occasions  a  teaspoonful 
of  nitrite  of  amyl  has  been  taken  by  mistake.  Stomach  irritation  and 
vomiting,  and  partial  or  complete  unconsciousness,  with  a  weak  irregular 
pulse,  cyanosis,  shallow  slow  respiration,  and  low  temperature  have  followed, 
but  recovery  has  always  occurred.  In  one  case  everything  looked  green 
before  the  patient  became  unconscious. 

Subcutaneous  injection  of  amyl  nitrite  causes  pain  at  the  seat  of 
puncture.  Given  in  this  way  the  effects  do  not  come  on  so  quickly  as 
after  inhalation.  A  case  has  been  recorded  by  Strahan  in  which  the 
hypodermic  injection  of  1  minim  of  amyl  nitrite,  dissolved  in  9  of 
rectified  spirit,  was  followed  in  a  minute  and  a  half  by  an  attack  of 
epileptic  convulsions,  but  this  effect  seems  exceptional,  since  the  drug 
has  often  been  given  in  this  way  without  such  result  following. 

Locally  applied  nitrite  of  amyl  tends  to  suspend  and  eventually  annul 
the  function  of  all  tissues,  but  it  does  not  destroy  the  tissue  itself,  and 
tissues  recover  their  functions  if  the  nitrite  of  amyl  be  not  kept  too  long 
in  contact  with  them. 

If  2  grs.  of  nitrite  of  sodium  or  1  drm.  of  the  solution  of  nitrite  of 
ethyl  be  taken,  no  apparent  effect  is  produced  at  once,  but  in  a  few  minutes, 
usually  one  to  three,  the  pulse  tension  falls,  the  beat  becomes  a  little  more 
rapid,  and  usually  it  is  increased  in  distinctness  and  feels  soft  and  full. 
Save  for  slight  nitrous  eructations,  most  marked  in  the  case  of  ethyl 
nitrite,  no  subjective  phenomena  may  be  noted,  but  those  very  susceptible 


PHARMA  COL  OGY.  219 

to  nitrites  may  feel  a  sensation  of  fulness  in  the  head — more  rarely 
throbbing.  As  a  rule,  no  flushing  is  noticed,  even  on  the  face.  A  gentle 
perspiration  may  occur  under  favouring  conditions.  The  effects  usually 
last  from  one  and  a  half  to  three  hours.  When  5  to  10  grs.  of  sodium 
nitrite  are  taken,  the  lowering  of  tension  is  very  marked,  and  flushing, 
throbbing,  and  fulness  of  the  head,  faintness  and  sickness  may  occur. 
Sometimes  there  is  profuse  perspiration,  and  marked  cyanosis  may  be 
caused  by  these  doses;  a  condition  of  semi-consciousness  and  collapse 
may  follow  in  those  very  susceptible  to  the  drug.  The  fulness  and  throb- 
bing of  the  head  often  lasts  for  two  hours  or  more.  Single  doses  of  from 
1  to  2  drms.  of  the  solution  of  ethyl  nitrite,  or  doses  of  1  drm.  given 
three  or  four  times  at  intervals  of  ten  minutes,  do  not  often  cause  subjective 
sensations,  though  at  times  sickness  and  headache  may  be  produced.  Very 
large  doses  have  been  known  to  cause  faintness,  and  cyanosis  might  no 
doubt  be  produced  by  nitrite  of  ethyl  as  well  as  by  nitrite  of  sodium. 

Spirit  of  nitrous  ether  is  rarely  taken  in  quantities  large  enough  to 
produce  effects  on  the  circulation  perceptible  to  the  patient.  A  good 
spirit  in  doses  of  1  drm.,  taken  directly  it  is  mixed  with  water,  lowers  the 
tension  of  the  pulse  and  slightly  quickens  its  beat,  acting  slightly  like 
other  nitrites  on  the  skin;  and  larger  doses,  e.g.  2  to  4  drms.,  may 
cause  gastric  irritation  occasionally,  but  other  subjective  phenomena  are 
not  often  experienced.  Very  large  doses  of  spirit  of  nitre  have  been 
followed  by  poisonous  results — headache,  unconsciousness,  and  in  one  case 
death.  Locally  applied,  both  sodium  nitrite  and  nitroglycerin  tend,  like 
amyl  nitrite,  to  destroy  the  functional  activity  of  the  tissues. 

Trinitrin  in  doses  of  from  about  yV  gr.  produces  effects  similar  to 
those  observed  after  2  grs.  of  sodium  nitrite  or  1  drm.  of  the  solution  of 
ethyl  nitrite,  but  its  effects  come  on  rather  more  quickly.  Its  influence 
may  cease  to  be  perceptible  in  less  than  half  an  hour,  or  may  be  noted 
for  two  or  three  hours.  Throbbing  sensation  and  headache  are  not  un- 
common after  even  small  doses  of  nitroglycerin.  Large  doses,  TV  gr.  to 
yg-  gr.,  of  nitroglycerin  usually  cause  great  fall  in  tension,  severe  headache, 
giddiness,  and  sickness.  The  pulse  and  respiration  become  quickened,  but 
eventually  slow;  a  condition  of  drowsiness  and  lethargy  is  experienced 
by  some,  and  faintness  is  not  unfrequently  complained  of.  Cyanosis  seems 
less  readily  produced  by  large  doses  of  trinitrin  than  by  sodium  nitrite. 
Several  deaths  have  been  recorded  after  nitroglycerin  taken  accidentally 
or  for  suicidal  purposes.  In  such  cases,  vomiting  and  purging  have  occurred, 
and  death  seems  to  have  resulted  from  respiratory  failure.  There  is  a 
great  difference  in  the  susceptibility  to  the  effects  of  trinitrin.  This  was 
well  illustrated  when  its  powerful  influence  was  first  pointed  out.  Field 
of  Brighton  describes  most  powerful  effects  from  taking  -^  gr.  of  nitro- 
glycerin, whilst  Fuller  and  Harley  were  so  little  influenced  by  |  gr. 
that  they  were  inclined  to  attribute  what  they  did  feel  to  the  influence 
of  imagination. 

Pathological  conditions  modify  considerably  the  action  of  the  nitrites. 
In  anaemic  people  with  low  tension,  and  especially  in  women,  their  influence 
is  most  marked.  The  inhalation  of  a  single  drop  of  nitrite  of  amyl  may 
be  followed  by  intense  throbbing  of  the  head,  and  at  times  by  syncopal 
conditions,  followed  by  long-lasting  headache.  When  the  tension  is  high, 
the  nitrites  and  nitroglycerin  often  produce  comparatively  little  effect. 
The  subjects  of  gout  and  chronic  Bright's  disease  often  bear  them  well. 
In  patients  with  dilated  heart  and  dyspnoea,  larger  doses  are  sometimes 
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required  to  influence  the  circulation  than  in  the  healthy.  Sufferers  from 
angina  pectoris,  too,  can  at  times  take  very  large  doses  of  the  nitrite  or 
nitroglycerin  without  feeling  any  discomfort,  but  this  may  be  because  they 
become  "  accustomed  "  to  the  medicine.  In  some  the  nitrites,  and  especi- 
ally nitroglycerin,  produce  less  effect  after  they  have  been  taken  for  some 
time  than  at  first. 

A  remarkable  feature  with  regard  to  the  pharmacological  action  of  the 
nitrites  and  nitroglycerin  is  their  power  of  influencing  the  system  in 
extremely  small  doses,  compared  with  the  rarity  with  which  they  produce 
serious  ill-effects  when  large  amounts  are  taken.  Less  than  half  a  drop 
of  nitrite  of  amyl  has  been  known  to  produce  very  pronounced  effects 
in  a  susceptible  subject,  and  TV  gr.  of  nitrite  of  sodium  and  TirVo  gr-  °f 
nitroglycerin  may  lead  to  lowering  of  the  pulse  tension,  which  can  be 
recognised  in  the  sphygmographic  tracing.  Yet  several  cases  are  recorded 
in  which  recovery  has  occurred  after  taking  from  a  teaspoonful  to  a 
dessertspoonful  of  nitrite  of  amyl,  and  as  much  as  6  grs.  of  nitro- 
glycerin for  a  dose  has  been  given  regularly,  not  only  without  any  serious 
consequences,  but  with  apparent  advantage. 

Absorption  course  and  excretion. — The  nitrites  can  be  readily 
absorbed  from  all  surfaces  except  the  skin ;  the  vapour  of  amyl  nitrite  is 
quickly  taken  up  by  the  pulmonary  mucous  membrane,  and  passes  directly 
into  the  circulation.  When  the  nitrites  of  amyl,  ethyl,  or  sodium  come 
into  contact  with  the  acid  contents  of  the  stomach  after  ingestion,  they 
are  more  or  less  decomposed,  nitrous  acid  being  set  free.  The  nitrous  acid 
thus  produced,  together  with  any  undecomposed  nitrite,  is  absorbed,  the 
nitrous  acid  forming  sodium  nitrite  with  the  alkali  of  the  blood. 

Nitroglycerin  is  also  easily  absorbed  from  the  stomach ;  tetranitrate 
of  erythrol  with  greater  difficulty.  Many  years  ago,  Hay  gave  reasons  for 
believing  that  nitroglycerin  is  decomposed  in  the  blood,  nitrite  of  sodium 
being  formed,  and  this  view  is  generally  accepted.  The  changes  which  take 
place  when  the  nitrites  enter  the  blood  and  tissues  are  not  quite  understood. 

Gamgee  pointed  out  in  1867  that  in  animals  poisoned  by  nitrites 
the  blood  assumes  a  chocolate-brown  colour,  and  that  a  similar  change 
occurs  when  nitrites  are  added  to  blood  outside  the  body.  He  considered 
that  the  coloration  was  due  to  compounds  formed  by  nitrites  with  oxy- 
haemoglobin.  It  was  subsequently  pointed  out  that  the  spectrum  of  the 
blood  acted  on  by  nitrites  coincided  with  that  of  methremoglobin,  and  the 
changes  produced  by  the  nitrites  have  been  attributed  entirely  to  the 
production  of  methsemoglobin.  Eecent  observations  by  Haldane,  Magkill, 
and  Mavrogodato  show  that  nitrites  convert  haemoglobin  not  simply  into 
methsemoglobin,  but  into  what  appears  to  be  a  mixture  of  methsemoglobin 
and  nitric  oxide  haemoglobin.  In  the  methsemoglobin  and  nitric  oxide 
haemoglobin  produced,  the  oxygen  is  more  firmly  combined  than  in 
oxyhsemoglobin,  and  hence  the  chocolate-coloured  blood  produced  by  nitrites 
is  unfitted  to  supply  the  oxygen  requisite  for  nutritional  changes.  When 
only  a  small  amount  of  change  takes  place,  the  nutritive  powers  are  not 
seriously  affected,  and  the  metruemoglobin  produced  disappears,  being 
probably  reconverted  into  oxyhaemoglobin  by  the  living  tissue. 

The  nitrites  are  in  part  decomposed  in  the  blood,  but  some  portion 
may  be  excreted  unchanged.  Traces  may  be  detected  in  the  urine  after 
large  medicinal  doses,  and  nitrites  have  been  found  in  the  stomach  after 
injection  into  the  circulation.  A  portion  of  the  nitrous  acid  is  oxidised 
and  excreted  as  sodium  nitrate.  Binz  thinks  that  nitric  oxide  is  formed 


CIRCULATORY  ORGANS,  221 

from  the  nitrous  acid,  and  Loew  that  it  enters  into  chemical  combination 
with  the  amide  molecule  of  protoplasm.  The  nitroglycerin  not  decom- 
posed is  excreted  in  the  urine.  There  is  some  doubt  as  to  the  exact 
part  which  the  nitrites  and  nitroglycerin  play  in  the  effects  which  follow 
their  injection.  It  has  been  recently  shown  that  in  the  lower  animals 
the  fatal  effects  of  nitrite  of  amyl  are  due  to  the  change  of  oxyruemo- 
globin  into  metluenioglobm.  Haldane,  Magkill,  and  Mavrogodato  found 
that  mice  to  which  doses  of  nitrite  of  sodium  have  been  administered, 
sufficient  under  ordinary  conditions  to  cause  death,  will  continue  to  live 
in  an  atmosphere  of  oxygen  under  pressure,  the  tissues  in  this  condition 
being  supplied,  from  the  excess  dissolved  in  the  blood,  with  sufficient 
oxygen  to  maintain  life.  How  far  the  production  of  methsemoglobin  leads 
to  other  pharmacological  effects  which  nitrites  produce  is  not  known ;  but 
it  cannot  be  doubted  that,  apart  from  the  influence  of  metbiemoglobin, 
the  nitrites  themselves  exercise  a  powerful  influence  on  all  the  tissues 
and  organs.  It  is  probable,  too,  that  when  amyl  nitrite  is  inhaled,  the 
amyl  element  plays  a  part  in  the  effects  produced,  and  nitroglycerin 
has  probably  some  action  independently  of  the  nitrite  into  which  it  is 
decomposed. 

Circulatory  organs. — Amongst  the  general  effects  produced  by  nitrites 
and  organic  nitrates,  those  connected  with  the  circulatory  organs  are  the 
most  important.  The  tension  of  the  arterial  system  is  lowered,  the  vessels 
in  many  parts  of  the  body  are  dilated,  the  pulse  is  quickened  and  the 
force  of  its  beat  is  altered.  The  lowering  of  tension  is  caused  by  the 
relaxation  of  the  vessel  walls,  and  this  is  chiefly  due  to  a  paralysing  in- 
fluence exerted  by  nitrites  on  the  muscle  fibres  in  the  vessel  walls,  or 
their  contained  ganglia;  but  a  depressing  effect  exercised  on  the  vaso- 
inotor  centre  may  contribute  to  this  dilatation. 

Brunton  showed  that  dilatation  of  the  vessels  occurs  under  the  influence 
of  nitrite  of  amyl  after  section  of  the  upper  part  of  the  cord.  Hence  he 
concluded  that  the  nitrites  cause  dilatation  by  acting  on  the  walls  of 
the  vessels  themselves.  It  has  been  pointed  out,  however,  that  the 
subordinate  vasomotor  centres  which  have  been  shown  to  be  present 
in  the  cord  itself  might  influence  the  vessels.  Brunton's  views  were 
controverted  by  Filehne,  on  the  ground  that  in  the  rabbit,  section  of  the 
sympathetic  on  one  side  interferes  with  the  dilatation  of  the  vessels  of  the 
ear  on  that  side  by  amyl  nitrite ;  and  by  Bernheim,  because  the  vessels  of 
the  ear  of  a  rabbit  can  be  made  to  contract  by  stimulation  of  the  cervical 
sympathetic  when  the  animal  is  under  the  influence  of  amyl  nitrite.  But 
Schuller  has  shown  that  even  after  destruction  of  the  cervical  sympathetic 
of  a  rabbit,  nitrite  of  amyl  increases  the  dilatation  which  this  operation 
causes,  and  Bernheim's  experiment  only  shows  that  this  drug  does  not 
entirely  paralyse  the  muscular  tissue  in  the  vessel  walls.  But  much 
evidence  has  in  recent  years  been  brought  forward,  showing  that  nitrites 
certainly  act  on  the  muscles  in  the  vessel  walls  or  their  contained  ganglia. 
If  fluids  containing  nitrites  be  allowed  to  flow  through  the  body  of  a  cold- 
blooded decapitated  animal,  or  through  the  organs  removed  from  the  body 
of  a  warm-blooded  animal,  immediately  after  death,  the  vessels  dilate  and 
allow  their  contents  to  pass  more  quickly  through  them  than  before  the 
nitrite  was  introduced  into  the  circulatory  fluid.  They  contract  again 
when  the  nitrite  is  withdrawn. 

Meyer  and  Friedreich  have  shown  that  amyl  nitrite  immediately  dilates 
the  vessels  when  it  is  inhaled  after  all  the  arteries  passing  from  the  arch 
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of  the  aorta  to  the  brain  have  been  ligatured ;  and  more  recently  Cash  has 
found — (1)  that  if  the  head  of  an  animal  is  entirely  cut  off  from  the 
circulation,  inhalation  of  amyl  nitrite  causes  a  rapid  fall  of  pressure,  and 
(2)  that  if  clamps  were  placed  on  the  arteries  passing  to  the  head,  and 
amyl  nitrite  was  introduced  into  the  fluid  circulating  through  the  brain, 
no  fall  of  pressure  takes  place,  but  directly  the  clamps  are  removed  and 
the  nitrite  of  amyl  allowed  to  pass  into  the  general  circulation,  character- 
istic nitrite  effect  is  produced. 

The  duration  of  the  tension  reducing  influence  of  the  nitrites  and 
nitroglycerin  varies  considerably.  After  inhalation  of  nitrite  of  amyl, 
marked  fall  of  tension  is  indicated  by  the  sphygmograph  in  ten  to  fifteen 
seconds ;  after  inhalation  of  three  or  four  drops  of  amyl  nitrite,  the  fall 
becomes  very  considerable  in  thirty  or  forty  seconds,  but  within  two  or 
three  minutes  after  the  inhalation  ceases  the  pulse  has  almost  or  entirely 
regained  its  normal  tension.  When  an  average  medicinal  dose  of  the 
solution  of  ethyl  nitrite  (1  drm.)  is  given,  the  lowering  of  tension  cannot 
be  detected  for  about  three  minutes,  and  is  most  marked  in  from  five  to 
ten  minutes,  but  its  influence  on  the  pulse  lasts  one  or  two  hours.  A  minim 
of  the  solution  of  nitroglycerin  affects  the  pulse  a  little  more  quickly  than 
the  ethyl  nitrite,  and  the  tension  is  lowered  for  about  one  to  three  hours. 
The  effect  of  2  grs.  of  sodium  nitrite,  so  far  as  duration  is  concerned,  is 
much  the  same  as  that  of  a  minim  of  trinitrin  solution,  but  it  seems  to 
be  a  little  longer  in  beginning  to  affect  the  pulse — three  to  four  minutes 
often  elapsing  before  its  influence  can  be  detected — and  its  effects  last  some- 
what longer  than  those  of  ethyl  nitrite  or  nitroglycerin.  Atkinson  is  of 
opinion  that  the  effects  of  nitroglycerin  last  longer  than  nitrite  of  sodium. 
After  the  administration  of  1  gr.  of  erythrol  tetranitrate,  no  marked 
effect  is  noticed  until  nearly  fifty  minutes  have  passed,  but  the  tension 
lowering  influence  of  the  drug  is  usually  present  for  five  hours  or  more. 
The  amount  and  duration  of  the  effects  of  the  nitrites  and  organic  nitrates 
varies  greatly  in  different  individuals  and  under  different  circumstances. 
They  are  most  marked  and  last  the  longest  in  those  who  have  a  naturally 
low  arterial  tension,  least  marked  and  of  shortest  duration  in  those  whose 
vascular  tension  is  high ;  the  dilatation  of  the  vessels  is  best  seen  in  the 
face,  head,  and  upper  part  of  the  chest,  in  that  part  in  which  the  circula- 
tion is  often  influenced  by  mental  emotion — the  blushing  area.  But  it  is 
sometimes  noticed  that  in  other  parts  of  the  body  the  vessels  of  the 
internal  organs  are  likewise  dilated,  those  in  the  exposed  brain  of  the 
animal  becoming  distinctly  more  visible.  According  to  Aid  ridge,  after 
the  inhalation  of  amyl  nitrite,  enlargement  of  the  retinal  vessels  takes 
place,  the  arteries  being  doubled  in  size  and  the  veins  but  little  changed ; 
this  has  been  denied  by  Pick.  The  quickening  of  the  pulse  which 
accompanies  lowered  arterial  tension  may  be  in  part  due  to  the  direct 
action  of  the  drug  on  the  heart,  but  it  is  probably  caused  chiefly  by  its 
influence  on  the  vagus  centre. 

If  the  isolated  heart  of  the  frog  be  fed  with  fluid  containing  a 
nitrite,  the  contractions  are  quickened,  and  this  quickening  ceases  when 
the  nitrite  is  withdrawn.  As  little  as  I  in  10,000  will  probably  produce 
this  quickening.  Filehne  showed  that  if  the  vagus  of  a  rabbit  be  divided, 
and  the  peripheral  end  stimulated  until  the  pulse  rate  be  made  normal, 
amyl  nitrite  does  not  affect  the  rapidity  of  the  cardiac  action.  He 
concluded  from  this  experiment  that  the  vagus  centre  is  depressed. 
Experiments  by  Meyer  and  Friedreich  confirm  this  view,  and  they  find 


CIRCULATORY  ORGANS.  223 

that  as  long  as  amyl  nitrite  is  prevented  from  reaching  the  brain,  it  does 
not  cause  increased  rapidity  of  the  pulse.  In  the  rabbit,  as  the  vagus 
exercises  less  influence  on  the  pulse  rate  than  in  the  dog  or  in  man,  the 
effect  of  amyl  nitrite  in  accelerating  the  heart-beat  is  not  high. 

After  the  inhalation  of  amyl  nitrite,  increased  rapidity  of  the  pulse  is 
often  very  marked,  but  the  other  nitrites  and  trinitrin  do  not  greatly 
accelerate  the  pulse,  though  they  usually  cause  some  quickening.  The 
beat  of  the  isolated  heart  after  being  first  quickened  by  nitrite  becomes 
slower,  and  occasionally,  especially  when  there  is  a  tendency  to  syncope, 
a  decrease  in  the  frequency  of  the  pulse  is  observed,  especially  after  the 
less  rapidly  acting  nitrites,  and  this  decreased  frequency  is  not  uncommonly 
seen  after  poisonous  doses  of  all  the  nitrites.  Why  nitrites  sometimes 
cause  and  sometimes  relieve  irregularity,  is  not  known.  The  strength  of 
the  pulse  is  modified  by  the  nitrites  and  organic  nitrates.  Large  doses 
depress  the  power  of  the  heart,  and  the  pulse  tracing  may  give  evidence 
of  a  weakened  systole,  when  the  heart's  action  is  quickened  as  well  as 
when  it  is  rendered  irregular  and  slow.  The  tendency  to  syncope  which 
has  been  mentioned  is  due  to  this,  but,  on  the  other  hand,  the  pulse  often 
feels  fuller  and  more  distinct  when  small  doses  are  given ;  the  percussion 
wave  of  the  tracing  may  be  rendered  higher,  and  with  regard  to  amyl 
nitrite  we  have  a  considerable  amount  of  clinical  evidence  that  it  gives 
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relief  in  collapse,  syncopal  conditions,  and  heart  failure.  The  increased 
size  of  the  percussion  wave  and  the  greater  distinctness  of  the  individual 
pulsations  do  not  prove  increased  force  of  the  heart-beat,  since  both  may 
be  accounted  for  by  the  lessened  amount  of  blood  remaining  in  the  radial 
artery  during  cardiac  diastole,  owing  to  the  increased  ease  with  which 
blood  can  pass  through  the  arterioles  after  the  exhibition  of  the  nitrites. 
The  experimental  work  recorded,  whilst  indicating  that  nitrites  depress 
the  heart's  power,  has  given  but  little  evidence  that  it  can  increase  it, 
but  some  recent  observations  by  Winkler  show  that  in  small  doses  amyl 
nitrite  is  capable  of  increasing  the  work  done  by  the  the  heart,  though 
in  larger  doses  it  has  an  opposite  effect  and  depresses  the  heart's  power. 

That  the  nitrites  are  capable  of  directly  depressing  the  action  of  the 
heart  muscle,  can  be  shown  by  adding  a  minute  amount  of  sodium  nitrite 
to  the  fluid  circulating  through  an  excised  frog's  heart.  One  in  5000  will 
suffice  to  decrease  the  force  of  the  contractions,  and  with  1  in  1000 
the  heart  ceases  to  beat.  No  proof  has  yet  been  afforded  that  the  nitrite 
ever  increased  the  force  of  individual  contractions  in  the  excised  heart. 
Atkinson,  however,  finds  that  the  amount  of  work  done  by  the  excised 
heart  is  temporarily  increased  owing  to  its  more  rapid  action.  Brunton,  on 
tying  the  aorta  after  giving  amyl  nitrite,  found  the  pressure  maintained  for 
some  time  behind  the  ligature,  indicating  that  the  cardiac  power  was  not 
immediately  impaired  ;  and  one  observer,  Reichert,  has  observed  a  temporary 
rise  in  tension  after  the  introduction  of  nitrite  into  the  circulation. 

In  some  recent  experiments,  Winkler  has  brought  forward  evidence  that 
though  nitrite  of  amyl  quickly  decreases  the  blood  pressure,  it  is  capable  in 
small  doses  of  increasing  the  heart's  work.  He  has  compared  the  pressure 
in  the  left  auricle  with  that  of  the  carotid  in  animals  under  the  influence  of 
nitrite  of  amyl.  He  argues  that  if  the  relative  fall  of  pressure  in  the  left 
auricle  is  less  than  in  the  carotid,  it  is  an  indication  that  the  work  of  the 
ventricle  is  lessened,  for  the  increased  pressure  is  due  to  its  cavity  being 
imperfectly  emptied.  If,  on  the  other  hand,  the  pressure  in  the  left  auricle 
falls  as  compared  with  that  in  the  carotid,  there  is  evidence  of  the  ventri- 
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cular  power  being  increased,  and  the  pressure  in  the  auricle  is  thereby 
decreased.  He  finds  that,  though  there  is  evidence  that  the  inhalation  of 
large  doses  of  amyl  nitrite  weakens  the  heart's  work,  small  doses  increase 
this  work.  After  the  inhalation  of  even  medicinal  doses  of  nitrite  of  amyl, 
the  pulse  sometimes  becomes  distinctly  weakened ;  the  same  result  more 
rarely  follows  the  administration  of  the  other  nitrates. 

Respiratory  organs. — In  man,  amyl  nitrite  causes  some  oppression  of 
the  breathing,  which  is  rendered  more  rapid.  In  experiments  on  the  lower 
animals,  the  respiration  is  found  at  first  to  be  increased  in  frequency  and 
depth  by  toxic  doses  of  nitrite  of  sodium  and  trinitrin,  and  eventually  it 
is  rendered  shallow  and  slow,  but  medicinal  doses  have  no  special  influence 
on  the  respiration  when  given  to  healthy  men.  They  often,  however,  give 
relief  in  dyspnoeic  conditions,  which  are  apparently  caused  by  contraction 
of  the  bronchial  muscles.  It  appears  probable  that  they  relax  this  con- 
traction. The  nitrites  and  nitroglycerin  are  capable  of  dilating  the 
vessels  of  the  lungs  as  they  do  those  of  other  organs.  In  toxic  doses  the 
production  of  methsemoglobin  may  interfere  with  respiratory  changes  and 
embarrass  the  pulmonary  circulation.  Filehne  made  an  opening  into  the 
chest  wall  of  a  rabbit,  leaving  the  costal  pleura  intact,  and  observing  no 
congestion  of  the  lung  after  amyl  nitrite,  came  to  the  conclusion  that 
its  vessels  were  not  affected  by  the  drug ;  but  other  observers  have  found 
the  lungs  congested  and  dark-coloured.  The  vessels  of  an.  excised  lung 
certainly  dilate  when  a  fluid  containing  a  nitrite  is  perfused  through  them. 
Winkler,  after  large  doses  of  amyl  nitrite,  finds  that  the  lungs  are  con- 
gested, and  that  the  pressure  in  the  pulmonary  artery,  though  not  actually 
raised,  is  increased  relatively  to  the  pressure  in  the  carotid. 

Nervous  and  muscular  system. — The  influence  of  nitrites  and  organic 
nitrates  on  the  cerebrum  is  not  very  marked,  and  has  no  bearing  on  their 
therapeutic  use.  Convulsive  attacks  have  been  seen  occasionally  in  the 
lower  animals  after  their  administration,  and  quite  exceptionally  the 
administration  of  amyl  nitrite  and  nitroglycerin  has  been  followed  by 
slight  convulsive  attacks  in  man.  It  seems  probable  that  these  attacks  are 
asphyxial  in  character.  The  distension  and  throbbing  of  the  head  which 
the  nitrites  are  apt  to  cause,  seem  for  the  most  part  connected  with  the 
circulatory  changes,  but  they  may  be  in  part  due  to  alterations  in  the 
blood.  The  amyl  element  probably  contributes  to  the  prolonged  headache 
which  occurs  after  amyl  nitrite  is  inhaled,  and  the  unchanged  nitroglycerin 
may  add  its  effects  to  that  of  the  nitrite,  due  to  its  partial  decomposition, 
in  producing  the  discomforts  to  which  the  drug  gives  rise.  Toxic  doses 
cause  heaviness,  apathy,  and  partial  or  complete  loss  of  consciousness,  and 
Binz  regards  the  nitrites  as  possessing  soporific  influence ;  but  though  slight 
drowsiness  has  been  occasionally  recorded  after  large  doses  both  of  nitrites 
and  nitroglycerin,  they  can  hardly  be  looked  upon  as  sedative  agents. 
Crichton  Browne  has  pointed  out  that  in  animals  rendered  epileptic 
artificially,  amyl  nitrite  prevents  convulsions  from  such  an  irritation  of  the 
brain  as  would  usually  produce  them. 

It  has  been  shown  experimentally  in  animals,  that  nitrites  of  amyl  and 
sodium  and  nitroglycerin  in  large  doses  diminish  reflex  excitability  of 
the  cord,  and  probably  all  nitrites  and  organic  nitrates  have  the  same 
effect;  but;  after  nitroglycerin  tetanic  symptoms  have  been  recorded, 
though  only  in  the  case  of  toxic  doses.  Tetanic  spasms  are  most  readily 
produced  by  nitroglycerin  in  the  frog.  According  to  Atkinson,  they  occur 
after  the  removal  of  the  cerebral  and  optic  lobes  and  cerebellum,  and  are 
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due  to  the  influence  of  the  drug  on  the  cord  and  medulla.  He  suggests  it 
first  depresses  and  then  stimulates  the  cord.  Tetanic  symptoms  have  been 
rarely  noticed  in  mammals,  unless  the  drug  is  injected  into  a  vein. 

Strong  solutions  of  sodium  nitrite,  when  applied  to  a  raw  surface,  give 
pain,  as  any  other  saline  will  do.  They  will  interfere  with  the  conducting 
power  of  nerves  and  nitroglycerin,  and  nitrite  of  amyl  will  do  the  same, 
but  weak  solutions  seem  to  have  but  little  effect,  and  the  sensory  and 
motor  nerves  and  their  endings  are  not  manifestly  influenced  by  the 
internal  administration  of  nitrites  and  organic  nitrates.  It  can  be  experi- 
mentally shown,  however,  that  muscles,  both  striped  and  unstriped,  are 
powerfully  affected  by  even  very  minute  solutions  of  the  nitrites.  The 
gastrocnemius  will  live  in  a  075  per  cent,  solution  of  chloride  or 
nitrate  of  sodium  for  twenty-four  hours,  and  at  the  end  of  that  time  will 
contract  on  faradic  stimulation.  But  in  a  solution  containing  075  per 
cent,  of  sodium  nitrite,  it  dies  in  fifteen  minutes.  Even  a  weak  solution, 
such  as  I  in  1000,  of  sodium  nitrite,  diminishes  markedly  the  contraction 
of  the  muscle  to  stimulation,  and  causes  it  to  die  in  two  hours.  Unstriped 
muscle  is  as  powerfully  affected  as  striped  muscle,  and  there  is  evidence 
that  extremely  minute  quantities  of  the  nitrites  weaken  the  contractions 
of  muscular  tissue  surrounding  the  vessels,  the  bronchial  tubes,  and  the 
ureter.  This  influence  on  contractility,  however,  ceases  as  soon  as  the 
nitrite  is  removed.  If,  for  example,  the  nitrite  is  washed  out  of  the 
muscle,  the  contractions  of  which  it  has  much  weakened,  the  contractile 
power  is  quickly  restored,  and  vessels  which  have  been  dilated  by  circu- 
lating a  nitrite  containing  fluid  through  them,  contract  again  when  they 
are  supplied  with  a  fluid  free  from  nitrites.  Nitroglycerin  has  the  same 
effect  on  muscle  tissue  as  the  nitrites. 

The  lassitude  felt  after  large  doses  of  the  nitrites  is  probably  due  to 
the  depressing  influence  on  the  nervous  system  and  muscles. 

Digestive  organs. — Occasionally  nitrites  act  as  gastric  and  intestinal 
irritants.  Even  small  amounts  may  cause  sickness  and  diarrhoea ;  in  the 
dog  and  rabbit  a  purgative  effect  often  results  from  large  doses.  The 
organic  nitrates  are  not  known  to  produce  these  effects.  It  has  been  shown 
experimentally  in  the  frog  that  nitrite  of  sodium  paralyses  muscular  fibre 
in  the  stomach  and  intestines,  but  no  influence  has  been  observed  on  these 
organs  after  its  internal  administration. 

Urinary  organs. — Nitrites  and  nitroglycerin  are  capable  of  dilating 
the  vessels  of  the  kidney.  We  should  naturally  expect,  therefore,  that  an 
increase  in  the  urinary  flow  would  follow  their  administration.  Murrell 
has  noticed  a  temporary  increase  after  nitroglycerin.  Nitrous  ether,  too, 
has  long  had  the  reputation  of  promoting  diuresis.  It  has  not  been 
shown  that  in  health  the  nitrites  habitually  cause  any  considerable  increase 
in  the  secretion  of  urine,  though  in  a  few  cases  they  have  appeared  to  do 
this,  but  in  cardiac  dropsy  they  occasionally  cause  temporary  diuresis,  and 
in  chronic  Bright's  disease  a  considerable  increase  in  the  urinary  flow  some- 
times follows  the  administration  of  sodium  nitrite  and  nitroglycerin. 
No  proof  has  yet  been  given  that  the  spirit  of  nitrous  ether  in  the  doses 
in  which  it  is  usually  given  (15  to  30  minims  three  or  four  times  daily) 
is  of  any  service  as  a  diuretic,  but  the  larger  doses  in  which  it  is  used  as 
a  domestic  remedy  (3  to  6  drms.)  probably  cause  temporary  diuresis. 

Prolonged  inhalation  of  nitrite  of  amyl  has  been  found  to  cause 
glycosuria  in  the  lower  animals  and  in  man.  The  influence  of  the  drug 
on  the  hepatic  vessels  may  be  the  cause  of  this.  Nitrite  of  amyl  has  been 
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stated  to  increase  the  excretion  of  uric  acid,  but  more  recent  observations 
seem  to  show  that  it  has  no  effect  either  on  urea  or  uric  acid.  It  lias  been 
supposed  to  cause  uterine  relaxation. 

Temperature  and  sweat. — As  the  nitrites  dilate  the  cutaneous  vessels, 
they  tend  to  favour  the  production  of  perspiration  and  to  lower  the 
temperature  of  the  body  by  exposing  more  blood  to  the  cooling  influence 
of  the  air.  The  production  of  heat,  too,  is  checked  when  large  doses  are 
given,  because  of  the  decrease  of  oxidation  processes  which  follows  from 
the  blood  changes  to  which  the  nitrites  give  rise.  It  has  been  found 
that  the  quantity  of  C02  eliminated  is  decreased  under  the  influence 
of  ainyl  nitrite.  The  influence  on  the  cutaneous  circulation  is  very 
evanescent,  and  the  nitrites  do  not  act  powerfully  either  as  diaphoretics 
or  as  antipyretics. 

Therapeutics. — In  some  diseases  of  the  circulatory  system  the 
nitrites  and  organic  nitrates  are  of  great  service. 

Angina  pectoris. — The  well-known  discovery  by  Lauder  Brunton,  that 
amyl  nitrite  will  relieve  the  pain  of  angina  pectoris,  was  the  outcome  of 
his  observing  that  a  patient  suffering  from  this  ailment  had  a  heightened 
arterial  tension  during  the  paroxysms.  Gamgee  had  found  that  amyl 
nitrite  lowers  tension,  and  Brunton  ascertained  that  in  anginal  paroxysms 
the  immediate  lowering  of  tension  produced  by  amyl  nitrite  was  accom- 
panied by  the  cessation  of  pain.  It  has  since  been  discovered  that  all 
nitrites  and  many  organic  nitrates  have  the  same  effect.  It  has  not 
yet  been  demonstrated  that  a  rise  in  tension  takes  place  during  all 
anginal  attacks,  and  doubt  has  been  expressed  whether  the  relief 
given  by  nitrites  in  angina  pectoris  is  due  to  their  effect  in  relaxing 
arterial  tension.  It  has  been  suggested  that  the  relief  of  pain  which 
every  one  acknowledges  nitrites  usually  give,  may  depend  on  some 
anodyne  influence  exerted  on  the  cardiac  sensory  nerves,  but  no  proof 
has  been  afforded  that  the  nitrites  may  be  expected  to  prevent  pain 
by  influencing  the  nerve-endings  or  cerebrum,  or  by  interfering  with 
the  conduction  of  painful  impressions  by  the  nerves  or  by  the  cord,  and 
the  balance  of  evidence  is  in  favour  of  the  view  that  the  relief  afforded 
by  the  nitrites  and  organic  nitrates  in  angina  is  due  to  their  power  of 
lowering  tension.  This  view  is  strengthened  by  the  fact  that  these  drugs 
prevent  anginal  attacks  as  well  as  relieve  them.  Moreover,  there  is 
manifestly  a  connection  between  the  period  of  time  during  which  they 
exert  their  preventive  effects  and  the  duration  of  their  action  as  depressors 
of  arterial  tension. 

For  the  immediate  relief  of  anginal  pain  the  inhalation  of  amyl  nitrite 
is  usually  the  best  procedure.  Formerly  patients  suffering  from  angina 
were  ordered  to  carry  with  them  a  small  bottle  of  nitrite  of  amyl,  and 
inhale  a  little  when  suffering  from  or  threatened  with  pain.  But  the 
glass  capsules  covered  with  silk  and  wool,  and  containing  about  5  minims 
of  nitrite  of  amyl,  which  can  be  safely  broken  by  the  finger,  are  found 
more  convenient.  When  the  pain  is  not  very  severe,  or  there  are 
symptoms  of  its  development  some  time  before  the  attack  itself  comes  on, 
or  if  the  nitrite  of  amyl  fails  to  relieve,  a  nitroglycerin  tablet  may  be 
substituted.  It  is  better  than  nitrite  of  sodium,  since  it  influences  the 
circulation  a  little  more  quickly,  but  its  effects  do  not  appear  for  fifty  to 
a  hundred  and  fifty  seconds,  whilst  nitrite  of  amyl  gives  relief  in  ten  to 
thirty  seconds.  If,  as  sometimes  happens,  the  nitroglycerin  habitually 
gives  rise  to  headache,  2  grs.  of  sodium  nitrite  dissolved  in  a  tablespoonful 
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of  water,  or  a  teaspoonful  of  solution  of  ethyl  nitrite  in  half  an  ounce  of 
water,  may  be  taken  instead. 

Although  patients  may  have  anginal  paroxysms  for  many  years,  yet 
each  attack  is  a  source  of  anxiety,  and  on  this  account  as  well  as  for  the 
relief  of  pain,  it  is  desirable  not  only  to  relieve  them  but  to  prevent  their 
recurrence.  For  the  latter  purpose  a  tablet  of  trinitrin,  1  drm.  of  the 
solution  of  ethyl  nitrite,  or  2  grs.  of  sodiiim  nitrite,  may  be  administered  a 
few  minutes  before  any  exertion  is  made,  if  experience  shows  that  it  is  apt 
to  bring  on  an  anginal  attack.  In  this  way  immunity  from  attacks  is 
often  obtained  for  two  or  three  hours.  It  not  unfrequently  happens  that 
a  sufferer  from  angina  pectoris  finds  that  by  adopting  this  plan  he  may 
walk  three  or  four  miles,  whilst  nitrite  of  amyl  inhaled  has  no  such  pre- 
ventive action,  but  simply  enables  him  to  get  immediate  relief  from  the 
series  of  short  paroxysms  which  a  walk  of  this  length  always  engenders. 
Whitla  has  suggested  another  plan  of  prevention,  it  has  already  been 
pointed  out  •  that  extremely  small  amounts  of  nitroglycerin  are  effective 
in  lowering  tension.  By  breaking  up  an  official  tablet  in  eight  or  more 
portions,  and  taking  one  every  fifteen  or  twenty  minutes  during  the  day, 
he  finds  that  sufficient  effect  is  produced  to  ward  off  the  attacks. 

Nitrate  of  tetra-erythrol  should  be  used  solely  for  the  purpose  of 
warding  off  anginal  attacks,  for  its  influence  is  not  exerted  for  more  than 
half  an  hour,  but  it  is  capable  of  preventing  attacks  for  four  or  five  hours. 
Sometimes  the  nitrites  fail  to  give  relief  in  angina  pectoris. 

There  are  some  forms  of  cardiac  neuralgia  not  amenable  to  treatment 
by  substances  depressing  tension,  as  for  example  those  connected  with 
hysteria.  Sometimes  failure  may  be  due  to  a  weakening  effect  of  the  nitrites 
on  the  heart,  counterbalancing  the  relief  which  dilatation  of  the  vessels 
ought  to  give  it.  In  pathological  conditions,  very  small  quantities  may 
interfere  with  instead  of  aid  the  ventricular  contractions,  and  if  there 
is  serious  cardiac  degeneration,  the  nitrites,  which  have  long  staved  off  the 
pain,  may,  when  the  end  is  near  at  hand,  entirely  fail  to  do  so,  however 
large  the  dose.  But  not  infrequently  the  failure  of  nitrites  to  relieve 
pain  is  due  to  the  insufficient  amount  in  which  they  are  given.  A  large 
dose  will  often  succeed  when  a  small  one  has  ceased  to  be  effective,  and 
it  is  sometimes  necessary  to  increase  the  dose  very  greatly.  Murrell 
has  given  as  much  as  110  minims  eight  times  daily.  It  is  worthy  of  note 
that,  so  far  as  is  at  present  known,  no  injury  has  been  known  to  follow  the 
use  of  the  nitrites  in  angina  pectoris  even  when  taken  in  large  doses  for 
years,  and  in  some  instances  the  attacks  have  become  less  frequent  or 
even  entirely  subsided  under  the  administration.  Amyl  nitrite  sometimes 
fails  to  relieve  because  the  preparation  given  is  bad.  The  official  amyl 
nitrite  is,  as  has  been  pointed  out,  a  mixture  of  nitrites,  some  of  which, 
as  for  example  isobutyl  nitrite,  are  more  powerful  than  others,  and 
the  product  is  not  always  uniform ;  and  then  again,  some  decomposition 
takes  place  on  long  keeping.  Specimens  have  been  met  with  which  have 
almost  entirely  lost  their  pharmacological  power.  Some  cases  of  periodic 
cardiac  pain,  which  could  hardly  be  regarded  as  anginal  attacks,  are  much 
relieved  by  nitroglycerin  and  sodium  nitrite. 

Cardiac  dyspnoea. — Dyspnceic  attacks  connected  with  cardiac  failure 
from  valvular  disease  and  other  causes  are  often  relieved  by  the  nitrites  or 
nitroglycerin.  When  in  cases  of  valvular  disease  there  is  evidence  of 
oedema  of  the  lung,  or  when  the  presence  of  moist  sounds  betokens  the 
presence  of  much  mucus  in  the  bronchial  tubes,  they  are  rarely  beneficial ; 
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but  when  these  conditions  are  not  present  they  are  often  most  effective  in 
giving  relief,  and  nitrite  of  ethyl,  nitrite  of  sodium,  or  trinitrin  are 
always  worthy  of  a  trial  in  the  paroxysmal  dyspnoea  of  valvular  disease. 

The  nocturnal  attacks  of  dyspnusa  in  cardiac  disease,  which  specially 
occur  on  waking  and  which  often  cause  so  much  distress,  are  sometimes 
lessened  in  severity  by  the  administration  of  nitroglycerin  or  nitrite  of 
sodium,  and  the  presence  of  aortic  regurgitation  is  no  bar  to  their  use ; 
indeed,  Foster  has  found  it  of  great  service  in  some  cases  of  aortic 
insufficiency ;  weakness  of  the  pulse,  or  even  irregularity  of  the  heart,  need 
not  prevent  the  careful  administration  of  trinitrin.  A  commencement 
may  be  made  with  half  a  trinitrin  tablet  or  less,  and  should  the  nitro- 
glycerin even  in  small  doses  seem  to  cause  headache,  solution  of  nitrite 
of  ethyl  may  be  substituted,  or  Whitla's  plan  of  giving  one-tenth  of  a 
tablet  at  frequent  intervals  may  be  adopted. 

In  the  dilated  and  failing  heart,  which  in  gout,  Bright's  disease,  and 
some  other  ailments  seem  to  be  the  outcome  of  a  struggle  between  the 
heart  and  the  resistance  of  the  vessels,  the  nitrites  and  organic  nitrates 
are  often  given  with  great  advantage,  and  nitrate  of  tetra-erythrol,  acting 
as  it  does  for  many  hours,  will  probably  be  found  more  useful  than 
kindred  drugs. 

Stout  patients,  with  a  somewhat  large  and  weak-walled  heart,  occasion- 
ally suffer  from  what  seem  to  be  attacks  of  cardiac  failure.  Sometimes 
after  effort,  but  at  times  without  any  cause,  prolonged  attacks  of  difficulty 
of  breathing,  accompanied  by  a  feeble  pulse,  and  a  feeling  of  cardiac 
discomfort  occur,  and  give  rise  to  grave  anxiety.  Such  attacks  are  often 
relieved  by  a  tablet  of  trinitrin,  and  at  times  the  same  remedy  given  at 
the  right  time  may  prevent  their  occurrence ;  for  their  cure,  of  course, 
other  treatment  is  required.  In  all  the  various  forms  of  cardiac  dyspnoea, 
the  relief  which  the  nitrites  and  nitroglycerin  give  is  probably  due  to 
the  influence  they  have  in  temporarily  restoring  the  relationship  which 
ought  to  exist  between  the  heart's  force  and  the  resistance  of  the  vessels, 
but  their  good  effects  likewise  depend  on  the  decrease  of  back  pressure, 
and  it  may  be  by  a  favourable  influence  exerted  on  the  vessels  of  the 
lung  itself.  The  continuous  want  of  breath  often  noticed  in  cases  of 
cardiac  failure  is  less  amenable  to  relief  by  nitrites  than  when  the 
dyspnrea  is  the  more  paroxysmal  in  character. 

In  syncope  and  collapse,  amyl  nitrite  has  likewise  been  used  as  a  restor- 
ative, and  also  in  threatened  death  from  chloroform  it  has  been  strongly 
recommended.  Since  amyl  nitrite  is  capable  of  causing  syncope  by  its 
depressing  influence  on  the  heart,  it  seems  possible  that  some  evil  might 
arise  from  its  employment,  and  that  the  inhalation  of  a  large  quantity 
might  add  to  the  mischief  existing.  As  far  as  can  be  ascertained,  however, 
no  harm  has  been  done  by  the  use  of  ainyl  nitrite  in  syncope  and  col- 
lapse, and  many  cases  are  recorded  in  which  recovery  from  these  con- 
ditions has  been  attributed  to  amyl  nitrite  inhalations.  A  considerable 
number  of  cases  have  been  related  in  which  the  fatal  issue  from  the 
administration  of  chloroform  is  said  to  have  been  prevented  by  sprinkling 
nitrite  of  amyl  on  a  little  lint,  and  placing  it  over  the  patient's  face, 
whilst  artificial  respiration  has  been  carried  on.  It  is  possible  that  the 
small  amount  of  the  drug  which  can  be  inhaled  in  syncope  and  cardiac 
failure  is  a  service,  but  the  fact  that  a  large  quantity  is  capable  of 
weakening  the  heart  should  be  borne  in  mind;  deep  inhalations  of  amyl 
vapour  might  be  a  source  of  danger. 
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Nitroglycerin,  too,  has  been  given  in  syncope  and  collapse,  and  in 
)ne  case  of  collapse  during  the  passing  of  gall-stones,  it  is  recorded  that 
the  patient  was  pulseless  and  apparently  moribund,  10  drops  of 
jiquor  Trinitrini  were  injected  hypodermically,  recovery  seeming  to  follow 
a  consequence.  Keichert  especially  has  claimed  the  nitrites  as  valuable 
irdiac  stimulants,  and  has  marshalled  a  series  of  cases  of  heart  failure  in 

they  seemed  to  prove  useful. 

Pulmonary  dyspnoea.  —  In    1871,  Talfourd  Jones  recorded   beneficial 
Feet  from  the  inhalation  from  amyl  nitrite  during  an  asthmatic  paroxysm, 
id  since  then  it  has  been  used  occasionally,  and  the  longer  acting  nitrites 
ive   also   been   employed.      Fraser   has   pointed   out   that   it  not  only 
Sieves  asthmatic  paroxysms,  but  often  removes  the  adventitious  lung 
Hinds  present  in  bronchitis.     In  sixty-one  observations  made  on  twenty- 
ive  patients  suffering  from  this  ailment,  in  some  cases  accompanied  with 
fspnoeic  paroxysms,  the  nitrites  in  forty-eight  removed  every  vestige  of 
lonchus  or  sibilus  for  various  periods  of  time,  and  in  others  decreased 
lem.     In  typical  asthma,  complete  and  rapid  relief  is  not  infrequently 
orded;   nevertheless  in  some  cases  but  little  benefit  arises  from  the 
Iministration  of  either  the  nitrites  or  nitroglycerin.     In  the  dyspnoeic 
iroxysms  to  which  some  sufferers   from  chronic  bronchitis  are  liable, 
mch  benefit  is  often  derived.     For  the  relief  of  pulmonary  dyspnoea  the 
ifluence   of    amyl   nitrite   is   usually  too   fleeting.       Nitroglycerin   and 
litrite  of  sodium  are  more  effective ;    one  or  two  tablets  of  trinitrin  or 
grs.  of  sodium  nitrite  may  be  given,  and  the  dose  repeated  once  or 
rice  at  intervals  of  half  an  hour  if  the  patient  be  not  at  first  relieved, 
many  cases  the  nitrite  of  ethyl  is  the  most  convenient  drug;  a  tea- 
jonful  of  the  "  liquor  "  may  be  given  every  ten  minutes  for  four  or  five 
jses.     It  should  be  borne  in  mind  that  we  have  no  proof  that  nitrites 
md  nitroglycerin  cure  bronchitis,  they  for  the  most  part  only  relieve  one 
of  the  most  troublesome  symptoms.      These  drugs   are   most  successful 
where  there  is  least  evidence  of  pulmonary  oedema ;  when  moist  sounds 
indicate  the  accumulation  of  mucus  in  the  bronchial  tubes,  they  are  of  little 
service.     A  very  useful  combination  for  the  relief  of  sudden  attacks  of 
dyspnoea  is  a  mixture  of  1  drm.  of  the  solution  of  nitrite  of  ethyl  with 
|  drm.  of  ether  in  1  oz.  of  water.     A  considerable  number  of  the  powders, 
the  vapours  of  which  are  inhaled  for  the  relief  of   asthma,  owe  their 
efficacy  to  the  fact  that  nitrites  are  present  in  the  vapour  given  forth 
when  they  are  burnt. 

Urcemic  dyspnoea. — There  are  many  records  in  the  journals  of  the  good 
results  obtained  from  the  use  of  nitrites  in  urtemic  dyspnoea,  but  they 
often  fail  to  relieve  the  difficulty  of  breathing.  Probably  they  are  only  of 
service  in  certain  conditions  of  the  heart. 

Pneumonia. — Hayem  has  recently  strongly  recommended  amyl  nitrite 
in  pneumonia,  on  the  ground  that  by  dilating  the  vessels  it  facilitates  the 
return  of  the  blood  into  the  consolidated  tissues,  and  hastens  the  absorp- 
tion of  exudation.  He  recommends  the  inhalation  of  large  quantities, 
using  sometimes  as  much  as  100  drops  in  divided  doses,  and  finds  no 
reason  to  believe  that  any  harm  is  done,  but  after  100  drops  he  has  found 
methsemoglobin  in  the  blood. 

Cheyne-Stokes  respiration. — It  was  stated  by  Filehne  that  Cheyne- 
Stokes  respiration  may  be  removed  by  the  inhalation  of  amyl  nitrite. 
Gibson,  however,  finds  that  though  in  some  cases  it  appears  to  do  good,  it 
is  of  no  service  in  many  cases. 
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Whooping-cough. — The  inhalation  of  nitrite  of  amyl  has  been  thought 
by  some  to  shorten  the  paroxysms  of  whooping-cough. 

Epilepsy  and  convulsive  attacks. — Owing  to  the  influence  which  amyl 
nitrite  has  on  the  cerebral  vessels,  trial  was  early  made  of  it  for  the 
purpose  of  warding  off  the  attacks,  and  records  have  been  published  of  its 
beneficial  influence  in  preventing  threatened  attacks,  in  shortening  the 
convulsions,  and  in  restoring  patients  from  the  condition  known  as  status 
epilepticus.  Notwithstanding  this,  the  use  of  amyl  nitrite  in  epilepsy  has 
not  become  general ;  its  good  effects  seem  exceptional  rather  than  habitual. 
Nevertheless,  when  a  well-marked  aura  precedes  the  fit,  it  is  worth  while 
to  make  a  trial  of  nitrite  of  amyl  inhalation  as  a  preventive,  and  in  the 
status  epilepticus  too  it  should  be  tried.  Nitroglycerin  has  been  recom- 
mended in  epilepsy  by  Hammond,  and  Osier  has  found  it  in  some  cases 
beneficial  in  doses  of  five  to  eight  tablets  three  times  a  day,  but  the 
improvement  was  only  temporary.  Gowers  finds  it  sometimes  useful, 
especially  in  minor  attacks,  and  says  it  often  prevents  the  occurrence 
of  post-epileptic  hysteroid  convulsions.  Nitrite  of  sodium  was  recom- 
mended many  years  ago  by  Law  in  the  treatment  of  epilepsy;  he 
found  it  useful  in  the  petit  mal  of  children,  but  it  has  not  come  into 
general  use.  Where  epileptic  attacks  are  frequent,  it  may  be  worth  while 
to  give  nitroglycerin  or  nitrite  of  sodium  three  or  four  times  daily,  since 
by  this  means  it  has  been  found  possible  in  some  cases  to  diminish  the 
number  of  attacks,  but  when  the  attacks  only  occur  at  long  intervals  the 
nitrites  can  hardly  be  serviceable.  Puerperal  eclampsia  and  convulsions 
arising  from  other  causes  are  said  in  some  cases  to  have  been  treated  with 
advantage  by  inhalation  of  amyl  nitrite. 

Cephalalgia  and  neuralgia. — In  the  relief  of  headaches  of  various  kinds 
the  nitrites  and  nitroglycerin  have  been  occasionally  found  of  service. 
Amyl  nitrite  sometimes  has  seemed  to  cut  short  attacks  of  migraine,  but 
it  cannot  be  at  all  relied  upon,  for  it  may  cut  short  one  attack  and 
completely  fail  when  given  a  second  time.  Pick  attributes  its  good  effects 
in  headache  and  neuralgia  to  what  he  calls  its  "  surprise  "  effect.  Occasion- 
ally a  whiff  of  nitrite  of  ainyl  will  relieve  a  slight  headache,  but;  on  the 
other  hand,  on  nervous  people  with  a  low  pulse  tension,  it  not  unfrequently 
aggravates  a  headache.  Solution  of  trinitrine  is  a  more  effective  remedy 
for  the  relief  of  migraine  and  various  forms  of  headache,  but,  like  nitrite  of 
amyl,  it  may  accentuate  the  evils  it  is  intended  to  remove.  It  is  said  to 
be  of  special  use  when  there  is  evidence  of  contraction  of  the  vessels  on 
one  side.  It  has  been  found  of  use  in  the  headache  of  Bright's  disease. 
It  is  well  to  commence  with  -5-^  gr.  of  trinitrin,  and  to  increase  the  dose 
if  necessary.  Neuralgia  of  the  fifth  nerve  and  of  various  parts  of  the  body 
is  said  to  have  been  relieved  and  even  cured  by  the  use  of  amyl  nitrite 
or  nitroglycerin.  The  comparative  rarity  of  the  beneficial  influence  of 
these  drugs,  however,  makes  it  probable  that  when  they  produce  a  good 
effect  they  act  through  their  influence  on  the  circulation. 

Tinnitus  aurium. — Some  evidence  has  been  given  that  both  nitrite  of 
amyl  and  nitroglycerin  are  at  times  of  benefit  in  relieving  tinnitus 
aurium. 

Tetanus  and  strychnine  poisoning. — After  H.  C.  Wood  showed  that  nitrite 
of  amyl  depressed  the  reflex  function  of  the  cord,  trials  were  made  of  it  in 
tetanus,  and  cases  have  been  recorded  of  recovery  under  its  use.  It  has 
been  shown  by  Hare  to  antagonise  to  some  extent  the  lethal  influence  of 
strychnine,  but  it  is  not  likely  to  prove  of  practical  value. 
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Sea-sickness. — Nitrite  of  amyl  has  been  said  to  prevent  sea-sickness,  but 
though  some  have  borne  testimony  to  its  efficacy  its  value  is  not  generally 
accepted.  Nitroglycerin  has  been  likewise  used,  sometimes  with  consider- 
able advantage.  Whitla  remarks  that  if  it  fails  to  prevent  vomiting,  it 
often  effectively  removes  the  depression  and  apprehension  accompanying 
the  attack,  some  patients  under  its  use  feeling  almost  no  nausea,  though 
vomiting  may  be  frequent. 

Bright's  disease. — Allusion  has  already  been  made  to  the  value  of 
nitrites  in  the  dyspnoea  and  headache  of  Bright's  disease.  Since  grave  evil 
arises  from  the  high  tension  so  commonly  present  in  this  ailment,  it  would 
seem  desirable  to  administer  drugs  capable  of  counteracting  this  condition, 
and  now  that  we  possess  a  substance  like  erythrol  tetranitrate  capable  of 
lowering  the  temperature  for  many  hours,  it  may  be  possible  to  stave  off 
some  of  the  circulatory  evils  by  its  regular  administration.  As  a  diuretic 
in  Bright's  disease,  the  nitrites  of  ethyl,  sodium,  and  nitroglycerin  seem 
sometimes,  but  by  no  means  always,  of  service,  and  they  are  worthy  of  a 
trial  when  the  urine  now  is  too  small,  since  there  is  no  evidence  that  they 
can  inflict  any  injury  even  on  an  inflamed  kidney.  Manifest  improvement 
has  sometimes  followed  from  the  persistent  use  of  nitrites  in  chronic 
Bright's  disease,  both  interstitial  and  parenchymatous. 

Other  affections  of  the  genito-urinary  organs. — In  dysmenorrhoea,  nitro- 
glycerin has  been  found  of  service,  and  it  is  certainly  worthy  of  a  trial. 
In  post-partum  uterine  contractions  there  are  records  of  advantages 
gained  by  its  use,  but  its  vascular  influence  renders  it  a  remedy  of 
doubtful  value  in  these  cases.  It  is  the  view  of  some,  however,  that  the 
vaso-dilators  do  not  necessarily  increase  haemorrhage,  and  it  is  claimed 
that  cases  of  haemoptysis  have  been  treated  by  it  with  benefit. 

Intermittent  fever. — Both  amyl  nitrite  and  nitroglycerin  are  said  to 
have  been  of  service  in  checking  attacks  of  intermittent  fever  if  given  in 
the  cold  stage ;  they  seem  to  cut  this  short,  but  there  is  no  reason  for 
thinking  that  either  of  these  drugs  materially  affect  the  course  of  the 
ailment  itself. 

Antagonists  and  use  in  poisoning. — Eecent  experiments  by  Marshall 
show  that  digitalis  does  possess  an  influence  in  counteracting  the  effect  of 
the  members  of  the  nitrite  group  on  blood  vessels,  although  the  influence  of 
the  latter  in  antagonising  digitalis  is  much  more  powerful.  Because  of  its 
stimulating  influence  on  the  heart  in  small  doses,  the  nitrites  have  been 
employed  when  symptoms  of  heart  failure  have  declared  themselves  in 
opium  poisoning. 

Administration. — Most  of  the  points  calling  for  notice  with  regard  to 
the  administration  of  the  nitrites  and  organic  nitrates  have  been  already 
alluded  to,  but  there  are  a  few  other  points  which  deserve  attention. 
Nitrite  of  amyl  is  sometimes  given  internally,  and  it  has  also  been  injected 
subcutaneously.  It  may  be  well  given  in  capsules  in  doses  of  4  or  5 
minims,  but  it  seems  then  to  possess  no  advantage  over  sodium  nitrite. 
In  the  form  of  mixture  it  has  the  disadvantage  that  the  effects  are 
influenced  by  the  amount  inhaled  at  the  time  of  administration.  It  may 
be  given  dissolved  in  spirit  (1  in  10),  in  the  form  of  drops  on  sugar,  or  with 
glycerin.  One  drm.  of  amyl  nitrite  may  be  dissolved  in  10  drms.  of 
rectified  spirit,  and  the  glycerin  added  to  make  a  4  oz.  mixture;  a 
teaspoonful  of  this  may  be  given  for  a  dose  (Whitla).  It  is  sometimes 
suspended  in  water  with  mucilage,  but  a  mixture  of  this  kind  has  the 
disadvantage  that  the  nitrite  of  amyl  undergoes  decomposition  and  the 
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mixture  loses  its  efficacy.  There  seems  no  advantage  in  giving  nitrite  of 
amyl  subcutaneously.  It  has  been  injected  for  the  cure  of  lumbago  and 
sciatica,  but  in  one  case,  which  has  already  been  alluded  to,  it  seemed  to 
cause  serious  symptoms.  Nitroglycerin  has  been  given  subcutaneously, 
but  is  so  rapidly  absorbed  by  the  stomach  that  the  subcutaneous  method 
seems  to  have  no  advantage,  unless  indeed  the  patient  has  difficulty  in 
swallowing. 

In  the  administration  of  a  preparation  containing  ethyl  nitrite,  the 
rapidity  with  which  it  is  dissipated  and  decomposed  in  contact  with  water 
must  be  remembered.  The  Liquor  Ethyl  Nitritis  must  always  be  given 
from  the  bottle  in  the  form  of  a  draught ;  it  cannot  be  used  for  mixtures. 
A  teaspoonful  may  well  be  given  in  4  drnis.  of  water.  Spirit  of  nitre 
rapidly  loses  its  nitrite  influence  when  put  into  a  mixture  containing 
water,  unless  indeed  an  alkali  or  ammonium  acetate  be  present.  When 
full  doses  of  nitrites  and  organic  nitrates  are  taken,  patients  should  be  in 
the  recumbent  position ;  a  feeling  of  faintness  may  otherwise  be  felt.  In 
cases  of  faintness  after  nitrites,  patients  should  be  kept  in  a  recumbent 
position,  and  ammonia  freely  administered. 

Preparations  not  commonly  used. — Besides  the  nitrites  and  organic 
nitrates  mentioned  in  the  text,  many  others  have  been  employed,  but  have 
not  so  far  come  into  general  use  in  this  country.  Isdbutyl  nitrite  has  been 
found  by  Cash  to  be  somewhat  more  powerful  in  its  effect  on  the  vessels 
than  amyl  nitrite,  and  capsules  similar  to  those  of  amyl  nitrite  are  now 
manufactured,  and  by  some  preferred  in  the  treatment  of  angina. 

Potassium  and  strontium  nitrites  have,  in  doses  in  which  they  can  be 
given  medicinally,  precisely  the  same  effects  as  sodium  nitrite. 

Cobalto-nitrite  of  potassium  is  much  less  soluble  in  water  than  the 
alkaline  nitrites.  In  1885  I  pointed  out  that  the  tension  is  lowered  about 
half  an  hour  after  the  administration  of  4  to  6  grs.,  and  that  the  duration 
of  its  action  was  from  three  to  six  hours.  Rooseveldt  found  it  of  service 
in  the  relief  of  dyspnoaa  and  other  ailments  in  which  nitrites  are  usually 
given,  but  it  is  irregular  in  its  effects,  owing  to  the  solubility  varying 
considerably  with  the  amount  of  acid  found  in  the  stomach. 

The  nitrates  of  ethyl,  propyl,  and  amyl  have  been  shown  to  act  like  the 
corresponding  nitrites,  but  for  a  longer  period. 

Manitol  hexanitrate  is  a  crystalline  substance  having  the  same  action 
as  the  erythrol  compound,  though  not  so  powerful.  It  has  the  advantage 
of  being  cheaper  than  the  latter,  since  it  is  more  readily  prepared. 
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OPIUM. 

(B.P.    AND   U.S. P.) 

OPIUM  (dvog,  juice)  is  the  exudate  obtained  by  incising  the  unripe  capsules 
of  the  opium  poppy  (Papaver  somniferum),  and  then  inspissating  it 
by  spontaneous  evaporation.  It  is  at  first  a  white  milky  juice,  which 
collects  into  tears  as  it  flows  out,  but  becomes  hard  and  dark  brown  in 
colour  when  it  is  dried.  The  narcotic  principles  of  the  poppy  only  become 
fully  developed  in  suitable  climates  and  soils  ;  hence,  when  grown  in 
Europe,  the  yield  of  opium  is  inconstant  and  often  of  poor  quality.  The 
best  quality  is  grown  in  Asia  Minor  (Smyrna,  Constantinople,  and  Turkey 
opium),  but  it  is  also  extensively  produced  in  India  along  the  basin  of  the 
Ganges  (Benares,  Malwa,  Patna  opium),  and  to  a  certain  extent  in  Persia, 
China,  and  Egypt.  When  fresh  it  is  rather  moist  and  plastic,  but  is  dried 
for  medicinal  use.  It  has  a  poppy-like  odour  and  a  nauseous  bitter  taste. 
Opium  is  a  gum-resin,  containing  a  very  large  number  of  alkaloids,  and 
some  other  principles  peculiar  to  itself,  along  with  the  ordinary  con- 
stituents of  a  plant  juice.  The  chief  alkaloids  are  morphine  (4  to  15  per 
cent,  on  an  average),  narcotine  (4  to  6  per  cent.),  codeine  (|  per  cent.), 
thebaine  (1  per  cent.),  papaverine,  narceine,  cryptopine,  and  many  others, 
in  combination  with  meconic,  lactic,  sulphuric,  and  phosphoric  acids. 
There  is  about  35  per  cent,  of  resin,  gum,  albumin,  etc.,  about  8  per  cent, 
of  sugar,  with  a  variable  amount  of  water,  salts,  fat,  etc.  About  one-half  of 
it  is  soluble  in  water.  The  total  (about  5  to  25  per  cent.)  and  individual 
amounts  of  alkaloids  present  in  different  specimens  varies  very  greatly,  but 
the  British  Pharmacopoeia  enjoins  that  opium  used  in  making  the  official 
preparations  shall  be  standardised  to  from  9^  to  10^  per  cent,  of  morphine 
when  dried.  The  United  States  Pharmacopoeia  fixes  it  at  not  less  than  9 
per  cent.,  and  also  has  official  an  opium  deodoratum. 

Pharmacology. — The  action  of  opium  is  chiefly  determined  in  man 
by  the  morphine  which  it  contains,  although  the  other  alkaloids  no  doubt 
exercise  a  certain  influence.  All  the  opium  alkaloids  have  two  prominent 
actions  on  the  nervous  system,  inducing  a  narcotic,  followed  by  a  tetanic, 
condition  in  animals  to  which  they  have  been  administered.  But  the  extent 
to  which  one  or  other  of  these  conditions  is  induced  differs  enormously 
with  the  different  alkaloids,  and  in  the  case  of  each  can  be  seen  to  de- 
pend very  largely  on  the  dose  and  the  manner  of  administration.  The 
species  of  animal  also  influences  the  symptoms,  although  only  in 
matters  of  detail.  Some  of  the  alkaloids,  especially  morphine,  produce 
very  prominently  the  narcotic  stage,  while  others,  especially  thebaine, 
have  an  extremely  short,  even  scarcely  observable,  narcotic  stage,  and 
induce  almost  at  once  a  tetanic  condition.  So  marked  is  this  difference, 
that  C.  Bernard  classified  them  into  two  groups — soporific  and  tetanisiug ; 
but  later  researches,  with  careful  dosage  and  a  study  of  their  actions  on  differ- 
ent species  of  animals,  have  shown  that  all  of  them  have  both  a  narcotic 
and  a  tetanising  effect,  although  in  extremely  varying  degrees.  Morphine 
is  the  most  potent  of  the  soporific  alkaloids,  while  thebaine  is  the  most 
typically  tetanising,  and  all  the  others  come  in  between  these  two  extremes. 
Their  action  in  lessening  the  secretions  of  the  body  is  also  very  varying,  mor- 
phine being  incomparably  the  most  powerful  in  this  respect.  The  toxicity 
of  any  one  of  them  also  varies  greatly  according  to  the  species  of  animal, 
morphine  being  most  deadly  to  man,  while  the  lower  animals  can  tolerate 
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very  large  doses  of  it.     On  the  other  hand,  thebaine  is  the  very  reverse  of 
this. 

MORPHINE. 

Pharmacology. — As  morphine  is  much  the  most  important  alkaloid, 
and  dominates  the  action  of  opium,  it  is  most  convenient  to  study  its  action 
in  detail,  and  to  note  later  on  wherein  the  other  alkaloids  differ  from  it. 

Nervous  system. — Man  is  much  more  susceptible  to  the  narcotic  action 
of  morphine  than  any  other  animal,  and  it  is  only  exceptionally  that  he 
shows  even  a  trace  of  the  tetanic  action.  The  reason  of  this  lies  in  the 
greater  development  of  the  brain  in  man,  and  especially  of  the  highest 
functions  and  centres,  which  are  specially  affected  by  the  drug,  while,  in 
addition,  death  tends  in  him  to  ensue  from  paralysis  of  the  respiratory 
centre  before  the  tetanic  stage  is  developed. 

When  a  small  dose  (£  gr.)  is  administered,  there  are  at  first  symptoms 
of  cerebral  excitement,  shown  by  greater  mental  and  bodily  activity, 
restlessness,  and  sleeplessness ;  but  this  stage  may  be  very  short,  and  is 
succeeded  by  diminished  activity,  torpor,  and  sleep.  The  slumber  is  not 
deep,  and  the  person  can  be  easily  aroused,  as  a  rule.  The  feeling  of 
stimulation  can  be  maintained  for  a  much  longer  time  by  taking,  say,  ^ 
to  yV  gr.  at  frequent  intervals.  With  a  dose  of  f  or  |  gr.  the  excitement 
stage  is  short  or  absent,  and  very  soon  deep  sleep  ensues.  The  respiration  is 
considerably  slowed,  the  heart-beat  becomes  slightly  less  frequent,  and  there 
is  difficulty  in  rousing  up  the  sleeper.  The  skin  is  slightly  flushed  and 
often  perspires  gently,  while  there  may  be  nausea  or  even  vomiting,  and  a 
transient  increase  of  intestinal  peristalsis.  The  sleep  lasts  about  six  or 
eight  hours. 

After  large  doses  (1  gr.  or  more),  a  comatose  condition,  with  slow  laboured 
respiration,  is  produced,  the  heart's  action  is  weak  and  irregular,  the  pupil 
is  contracted  and  does  not  react  to  light,  the  muscles  are  flaccid,  pain 
or  painful  stimuli  are  not  felt,  and  the  reflexes  may  be  abolished.  The 
face  and  skin  are  often  very  pallid,  owing  to  dilatation  of  internal  blood 
vessels  and  the  fall  of  blood  pressure.  From  this  condition  there  may  be 
gradual  recovery,  followed  by  malaise,  headache,  indigestion,  and  constipa- 
tion. But  death  may  occur  in  deep  coma,  the  respiration  and  heart  failing, 
and  the  blood  becoming  very  venous.  The  end  often  occurs  in  asphyxial 
convulsions,  due  to  the  large  excess  of  carbonic  acid  in  the  blood  and  the 
want  of  oxygen,  Death  seems  to  be  always  due  to  respiratory  failure, 
from  paralysis  of  the  centre  in  the  medulla.  A  few  cases  are  recorded  in 
which  large  doses  have  induced  a  tetanic  stage  in  adult  men,  but  this  is 
very  rare.  In  young  children,  and  also,  it  is  said,  in  the  lower  races  of 
mankind,  slightly  developed  tetanic  symptoms  are  more  frequently  seen. 

In  man  the  sensitiveness  to  sensory  impressions,  such  as  slight  pain,  is 
first  dulled,  and  this  usually  before  sleep  comes  on,  and  while  common 
tactile  sensibility  is  still  unaffected.  Apparently,  therefore,  certain  parts 
of  the  sensorium  are  more  susceptible  to  morphine,  and  are  earlier  affected 
by  it,  than  others,  but  the  sensorium  as  a  whole  is  early  and  conspicuously 
involved.  The  subjective  feelings  of  mental  and  physical  well-being 
induced  by  morphine,  the  sleeplessness  and  restlessness  after  small  doses, 
have  been  ascribed  by  some  authorities  to  a  stimulant  effect  which  small 
quantities  are  supposed  to  exercise  on  the  nerve  cells.  This,  however,  is 
disputed,  as  many  observers  are  of  opinion  that  from  the  beginning  depres- 
sion and  interference  with  function  take  place,  and  certainly  with  sensory 


MORPHINE. 


235 


impressions  it  is  so.  They  hold  that  different  parts  of  the  brain  are 
affected  in  different  degrees  and  at  different  intervals  of  time  by  morphine  ; 
hence  these  act  in  a  dissociated  manner  and  more  or  less  independently  of 
each  other.  The  imaginative  part  of  the  cerebrum  is  supposed  to  be  little 
affected  at  a  time  when  inhibition  and  the  critical  powers  and  judgment 
are  somewhat  dulled ;  hence  imagination  has  full  and  uncontrolled  sway, 
there  is  a  play  of  fancy  and  an  apparent  stimulation  of  the  creative  and 
intellectual  powers.  They  point  out  that  a  similar  condition  of  imaginat- 
ive activity  is  sometimes  seen  as  sleep  comes  on,  and  that  this  is  due  to 
different  portions  of  the  brain  passing  into  the  inactivity  of  slumber  at 
different  intervals  of  time.  It  is  difficult  to  decide  which  view  is  correct, 
as  the  facts  are  not  in  dispute,  but  only  the  interpretation  which  is  to  be 
put  upon  them.  Individual  susceptibility  and  race  influence  the  symptoms 
greatly  at  this  stage.  Imaginative  people  of  a  certain  temperament  feel 
the  so-called  stimulant  effect  very  keenly,  especially  if  they  have  accus- 
tomed themselves  to  frequent  indulgence  in  opium,  but  the  tendency  of 
the  average  European  is  to  fall  placidly  asleep.  Malays  and  some  other 
Eastern  races  are  said  to  have  a  prolonged  period  of  excitement.  The 
sleep  is  due  to  certain  unknown  chemical  changes  in  the  nerve  cells,  in- 
duced by  the  morphine.  Histological  changes  have  been  described,  but 
these  seem  to  be  due  most  probably  to  the  methods  used  in  preparing 
the  tissues  for  microscopic  examination.  The  brain  itself  is  sometimes 
anremic  and  sometimes  hypercemic. 

In  man  the  spinal  cord  is  little  affected,  unless  a  very  large  dose  has 
been  taken.  Mostly  it  is  depressed  in  its  conducting  and  reflex  functions ; 
but,  as  has  been  previously  stated,  a  few  cases  have  been  reported  where 
the  reflex  excitability  has  been  increased  after  large  doses,  and  where 
twitchings  or  convulsions  of  spinal  origin  have  been  observed.  The  con- 
ductivity seems  to  be  always  diminished.  The  automatic  centres  for  the 
heart  and  respiration  are  the  last  to  succumb,  as  their  action  persists, 
although  feebly,  for  long  after  the  man  has  lain  like  a  log.  There  seems 
to  be  no  action  on  the  terminations  of  motor  nerves  when  morphine  is 
given  in  ordinary  doses  and  by  the  usual  channels.  It  is  very  doubtful 
also  if  the  sensory  nerve-endings  either  in  skin  or  mucous  membranes  are 
affected  by  morphine  or  opium.  Certainly  they  are  not  visibly  or  greatly 
depressed,  and  slight  changes  are  impossible  to  determine  owing  to  the 
early  and  deep  implication  of  the  sensoriuni  in  the  brain. 

The  lower  animals  are  very  much  less  susceptible  to  morphine 
than  man.  The  lethal  dose  for  a  frog  is  3  to  5  cgrms.  (\  to  £  gr.), 
the  animal  being  able  to  survive  paralysis  of  its  respiratory  centre. 
Such  a  dose  causes  the  frog  to  become  narcotised  in  a  few  minutes, 
the  encephalon  being  first  implicated,  and  then  the  cord.  The  latter 
is  much  depressed,  but  the  reflexes  seldom  wholly  disappear.  After 
some  hours  the  tetanic  stage  supervenes,  followed  by  exhaustion,  during 
which  the  animal  merely  twitches  in  response  to  stimulation.  During 
both  stages  the  cerebrum  remains  deeply  depressed,  as  irritation  of  the 
cornea  induces  a  general  spasm,  but  no  closure  of  the  eyelid  or  move- 
ment of  the  iris.  The  spasms  are  spinal  in  origin,  as  section  of  the 
cord  at  the  atlanto-occipital  membrane  does  not  stop  them,  and  the 
succeeding  exhaustion  is  also  spinal,  as  the  motor  nerves  and  muscles  are 
found  to  be  only  slightly  diminished  in  electric  irritability.  After  each 
spasm  there  is  a  period  of  fatigue,  during  which  another  cannot  be  at  once 
elicited.  The  sensory  nerves  remain  also  very  sensitive,  as  they  convey 
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the  slightest  stimulus  to  the  cord.  With  small  doses,  however,  no  special 
exhaustion  is  seen  after  each  tetanic  spasm,  and  the  convulsions  exactly 
resemble  those,  of  strychnine.  Very  small  doses  cause  slight  narcosis, 
followed  in  a  day  or  two  by  an  increased  activity  of  the  spinal  reflexes. 
The  explanation  of  the  occurrence  of  these  two  stages  seems  to  be  as 
follows : — Small  amounts  of  morphine  apparently  depress  the  cells  of  the 
cord,  but  when  a  sufficient  quantity  has  been  absorbed  by  these,  they  pass 
into  the  condition  of  hyper-excitability  which  results  in  tetanus.  In  the 
present  state  of  our  knowledge  it  is  useless  even  to  speculate  as  to  the 
exact  nature  of  the  changes  thus  brought  about  in  the  cells  of  the  cord, 
but  the  sequence  of  depression  and  hyper-excitability  is  not  a  necessary 
consequence  of  the  action  of  morphine,  as  its  occurrence  is  entirely  a 
question  of  dosage,  and  of  how  much  morphine  reaches  or  is  present  in  the 
cells  of  the  cord  at  one  time.  Thus,  if  morphine  be  injected  directly  into 
the  aorta,  tetanic  spasms  occur  at  once  without  any  preceding  depression. 
Further,  when  a  very  small  dose  is  given  by  the  mouth  or  subcutaiieously, 
it  is  some  days  before  there  is  increased  reflex,  and  this  points  to  the 
morphine  being  slowly  accumulated  in  the  cord  until  there  is  sufficient 
there  to  induce  hyper-excitability  of  the  cells.  The  motor  nerves  are 
paralysed  when  a  solution  is  injected  into  the  blood  vessels,  but  not  when 
the  drug  is  given  in  other  ways,  showing  that  a  very  large  amount  is 
required  to  affect  them.  Kabbibs,  cats,  dogs,  and  birds  all  pass  through  a 
narcotic  and  tetanic  stage,  if  the  dose  be  properly  adjusted.  With  small 
doses  only  the  former  is  seen.  The  condition  produced  is  very  much  the 
same  as  in  frogs.  Small  doses  depress  the  brain  and  cord,  while  larger 
ones  throw  the  cord  into  a  condition  of  hyper-excitability,  which  gives 
rise  to  spasmodic  twitchings  or  tetanic  convulsions.  Whether  very  large 
doses  would  affect  the  cerebrum  in  the  same  way  as  the  cord  is  affected, 
and  thus  give  rise  to  cerebral  convulsions,  is  doubtful,  as  death  occurs 
too  early  for  these  to  develop.  But  Deguise,  Dupuy,  and  Leuret,  by 
applying  large  doses  of  morphine  directly  to  the  exposed  brain  of  dogs, 
brought  on  violent  convulsions  at  once,  which  looks  as  if  large  amounts 
are  capable  of  exciting  the  cortical  cells.  During  the  tetanic  stage 
the  cerebral  narcosis  persists,  but  not  so  deeply,  and  the  pupil  becomes 
dilated.  Cats  are  very  apt  to  be  thrown  into  a  state  of  intense 
psychical  excitement  and  convulsions,  even  by  moderate  doses.  In 
them  and  in  dogs,  nausea,  vomiting,  and  diarrhoea  are  always  very 
prominent  symptoms  of  the  action  of  morphine.  The  average  lethal  dose 
for  a  rabbit  is  about  6  grs.,  and  for  a  dog  five  to  eight  times  as  much. 

Circulation. — The  heart  and  circulation  are  not  greatly  affected  by 
small  doses  of  morphine.  There  is  slight  slowing,  due  to  an  action  on 
the  cardiac  motor  ganglia,  and  quite  independent  of  the  central  nervous 
system  or  vagus  nerves.  At  the  same  time  the  cutaneous  vessels  dilate, 
apparently  from  slight  depression  of  the  vasomotor  centre  in  the  medulla. 
This  dilatation  gives  rise  to  a  full  pulse,  to  warmth  or  even  itching  of  the 
skin,  and  to  a  trifling  fall  in  blood  pressure.  The  circulation  is  only 
greatly  depressed  in  the  later  stages  of  poisoning,  and  probably  this  is 
largely  secondary  to  respiratory  failure,  but  vasomotor  paralysis  has  also 
a  good  deal  to  do  with  it.  Martin  found  that  |  gr.  had  a  very  marked 
effect  on  the  force  and  rate  of  the  pulse  in  man. 

Respiration. — The  respiration  is  at  first  slower  and  deeper,  but  after 
poisonous  doses  is  extremely  slow,  shallow,  and  often  irregular.  It  may 
even  assume  the  Cheyne-Stokes  character.  These  effects  are  due  to  de- 
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pression  of  the  centre,  as  they  occur  also  after  division  of  the  vagi  in 
animals. 

Secretions. — The  sweat  is  increased,  owing  to  the  dilatation  of  the 
cutaneous  blood  vessels ;  the  urine  is  little  affected ;  and  the  effect  on  the 
bile  and  pancreatic  secretions  is  not  definitely  known.  But  the  other 
secretions  seem  to  be  all  diminished.  The  mouth  is  dry,  bronchial  mucus 
is  lessened,  as  are  also  the  secretions  of  the  alimentary  mucous  membrane. 
The  food  is  badly  digested,  and  constipation  is  very  marked.  Ainenorrhcea 
and  lessened  secretion  of  milk  may  be  induced  by  repeated  doses,  con- 
tinued for  some  time. 

G-astro-intestinal  tract. — When  a  hypodermic  injection  of  morphine  is 
given,  it  sometimes  causes  at  first  increase  of  intestinal  peristalsis,  nausea, 
and  vomiting.  These  effects  are  probably  due  to  the  morphine  being  ex- 
creted into  the  stomach  and  bowel,  and  there  irritating  or  stimulating  the 
nervo-muscular  apparatus.  However,  when  small  doses  are  given  by  the 
mouth  or  subcutaneously,  their  almost  invariable  effect  is  to  cause  con- 
stipation. This  result  is  partly  due  to  defective  secretion,  but  there  is  also 
diminished  peristalsis,  the  cause  of  which  has  not  been  clearly  made  out.  It 
seems  certain  that  it  is  not  due  to  paralysis  of  the  local  motor  ganglia,  or 
to  stimulation  of  the  splanchnic  nerve-endings  in  the  bowel,  although  Noth- 
nagel  holds  the  latter  view.  Most  probably  it  is  due  to  a  local  action  on  the 
nerves  of  the  bowel,  but  very  little  that  is  definite  is  known  regarding  it. 

Temperature,  and  metabolism. — The  temperature  is  slightly  lowered  in 
health,  although  a  preliminary  rise  has  been  occasionally  observed. 
Martin  observed  in  himself  a  fall  of  £°  or  4°  C.  The  fall  is  probably 
due  partly  to  dilatation  of  the  vessels  of  the  skin,  with  consequent 
increased  loss  of  heat,  and  partly  to  a  diminished  activity  in  the  nerve 
centres.  The  excretion  of  nitrogen  and  carbonic  acid  are  somewhat 
diminished.  In  chronic  morphinism  the  diminution  in  metabolism  is 
attributable  to  interference  with  digestion  and  loss  of  appetite  rather  than 
to  any  alteration  in  the  chemical  processes  of  the  body.  Sugar  may 
appear  in  the  urine  after  one  dose,  apparently  from  defective  oxidation 
following  on  the  slackened  respiration ;  lactic  and  glycuronic  acids  have 
also  been  found.  Their  presence  has  also  been  attributed  to  an  irritative 
action  on  the  medulla.  Transient  albuminuria  may  also  be  caused  by 
morphine,  the  reason  of  which  is  unknown  unless  it  can  be  attributed  to 
vasomotor  changes  affecting  the  circulation  in  the  kidney. 

Pupil  is  diminished  in  size  by  moderate  or  large  doses,  and  may 
be  contracted  to  "pin-point."  In  animals  it  dilates  during  the  tetanic 
stage,  but  if  death  occur  during  a  spasm,  contraction  occurs  very  soon 
after.  In  man,  dilatation  has  very  seldom  been  seen  except  during 
asphyxial  convulsions.  When  contracted,  the  pupil  does  not  react  to 
light,  and  as  morphine  locally  applied  has  not  this  myotic  action,  the 
cause  must  be  regarded  as  central.  It  has  also  been  explained  by  a 
paresis  of  sympathetic  branches  supplying  the  dilator  pupillre. 

Morphine  can  be  absorbed  from  all  the  mucous  membranes,  and  from 
the  subcutaneous  tissue  and  abraded  surfaces,  but  not  through  the  un- 
injured skin.  From  the  blood  it  is  excreted  chiefly  into  the  stomach  and 
bowel,  from  both  of  which  it  can  apparently  be  reabsorbed.  Alt,  after 
giving  i  gr.  subcutaneously  to  a  man,  detected  it  in  the  stomach  washings 
in  two  and  a  half  minutes.  It  has  often  been  found  in  the  faeces,  and 
minute  amounts  are  sometimes  present  in  the  urine  and  other  secretions. 
Possibly  it  is  partly  decomposed  in  the  body,  as  oxydiraorphine  has  been 
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found  in  the  urine.  It  is  excreted  also  in  the  milk  of  nursing-mothers, 
and  may  affect  the  child. 

Therapeutics. — External. — The  external  use  of  opium  is  of  doubtful 
value,  as  it  is  not  absorbed  through  the  skin.  If  applied  on  fomentations, 
or  as  liniment  or  plaster,  the  other  constituents  or  the  heat  exercise  an 
effect  which  has  usually  been  attributed  to  the  opium. 

Internal. — The  uses  of  opium  and  morphine  are  very  much  the  same, 
but  the  former  is  generally  considered  to  be  more  suitable  in  gastro- 
intestinal disorders,  owing  to  its  action  being  milder  and  spread  over  a 
larger  portion  of  the  mucous  membrane,  because  of  the  comparative 
insolubility  of  opium  and  the  consequent  slow  absorption  of  the  morphine. 
There  is  hardly  a  disease  in  which  opium  has  not  been  used,  but  it  must 
be  remembered  that  it  is  always  a  symptomatic,  palliative  treatment,  and 
is  not  directly  curative. 

In  relieving  pain  its  action  is  unrivalled.  Temporarily,  at  least,  it  will 
banish  the  severest  suffering  by  its  action  on  the  sensorium,  and  at  the 
same  time  it  cairns  nervous  excitement  or  mental  distress.  Its  usefulness 
in  these  respects  is  shown  after  injuries,  painful  accidents,  burns,  and 
so  on,  in  biliary,  renal,  intestinal,  and  lead  colic.  In  excessive  pain 
from  aneurysm,  malignant  disease,  or  other  causes,  it  gives  relief,  and 
diminishes  the  sufferings  of  a  lingering  illness.  In  neuralgia,  in  gas- 
tralgia,  and  in  other  visceral  neuroses,  it  may  prove  of  great  service  as  a 
temporary  expedient  to  lessen  the  pain,  while  more  radical  curative 
measures  are  being  taken.  The  headache  of  anaemia  and  asthenia  may  be 
relieved  by  opium,  but  congestive  headaches  and  those  due  to  gastro- 
intestinal causes  are  invariably  increased. 

To  relieve  spasm  few  drugs  equal  opium.  Severe  hiccough,  for  instance, 
can  be  almost  invariably  stopped  by  the  hypodermic  administration  of 
morphine,  and  so  can  an  asthmatic  attack.  In  lessening  irritation  and 
allaying  cough  in  phthisis,  bronchitis,  pleurisy,  laryngitis,  and  pharyngitis, 
small  or  even  very  small  doses  of  opiates  often  prove  sufficient.  Slight  or 
even  severe  irritation  from  skin  disease  may  be  combated  in  the  same 
way,  and  general  nervous  excitement  from  any  cause  may  be  soothed  by 
opiates.  In  malaria,  chronic  dysentery,  fevers,  syphilis,  and  prolonged 
wasting  and  depressing  diseases  generally,  opium  often  seems  to  sustain 
the  strength  and  fortitude  of  the  sufferer,  and  to  blunt  his  appreciation 
of  acute  suffering.  But  in  these,  as  in  other  circumstances,  there  is  always 
the  great  risk  of  establishing  a  morbid  craving  for  the  drug.  As  a 
hypnotic  its  use  is  now  confined  to  cases  in  which  the  sleeplessness  is 
due  to  pain,  and  in  its  action  under  these  circumstances  it  has  no  rival.  It 
may  also  be  given  to  induce  sleep  in  fever,  in  pneumonia,  and  in  heart 
disease,  as  a  rule  with  perfect  safety. 

In  hsematemesis  and  haemoptysis  it  is  perhaps  more  useful  than  any 
other  one  drug  in  controlling  the  bleeding.  It  keeps  the  patient  quiet 
mentally  and  bodily,  and  does  away  with  the  tendency  to  vomiting  and 
coughing,  both  of  which  are  apt  to  start  the  bleeding  afresh.  Hypodermic 
injections  of  morphine  should  be  given  at  regular  intervals  as  long  as 
further  haemorrhage  or  the  risk  of  it  continue. 

In  acute  inflammations  of  serous  membranes,  and  in  acute  abscess 
formation,  opium  combats  the  pain  and  sleeplessness  and  general  systemic 
disturbance.  It  has  not  any  direct  effect  on  the  course  of  the  illness,  and 
it  should  not  be  adopted  as  routine  treatment  in  such  cases.  In  men- 
ingitis its  use  is  contra-indicated,  owing  to  the  risk  of  its  increasing 
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stupor  to  a  dangerous  extent.  In  peritonitis  from  any  cause,  opiates  keep 
the  parts  at  rest,  and  fortify  the  patient's  endurance,  so  that  whatever  the 
cause,  and  whatever  treatment  may  ultimately  be  adopted,  opium  may  he 
safely  and  beneficially  administered.  In  acute  obstruction  of  the  bowels, 
opium  allays  pain  and  spasm,  and  may  give  complete  quietude  to  the 
parts.  Any  further  treatment  depends  entirely  on  the  cause  and  other 
circumstances.  In  vomiting,  in  sea-sickness,  in  nervous  hunger  and 
nervous  dyspepsia,  in  ulcer  of  the  stomach,  in  intestinal  haemorrhage, 
opiates  may  often  be  used  with  great  advantage. 

In  diarrho3a,  opium  acts  as  an  astringent  and  sedative.  In  acute  toxic 
cases  a  purgative  should  first  be  used  to  clear  out  the  bowel,  and  a  little 
opium  may  be  added  to  it  to  lessen  pain  and  griping.  After  the  offending 
matter  is  got  rid  of,  opium  lessens  the  catarrh,  irritation,  and  colic,  which 
are  apt  to  persist.  The  simpler  forms  of  diarrhoea  coming  on  after  ex- 
posure to  cold,  slight  indiscretions  in  diet,  or  nervous  fright,  can  usually 
be  checked  at  once  by  a  single  dose  of  opium.  In  the  British  pharma- 
copoeia there  are  several  official  preparations  specially  designed  for 
checking  diarrhoea,  such  as  the  Pilula  Plumbi  cum  Opio,  or  the  Pulvis 
Kino  Compositus.  Morphine  or  opium  suppositories,  or  small  enemata 
containing  laudanum,  can  also  be  used  in  severe  cases,  and  where  there  is 
tenesmus,  or  pain  and  irritation  about  the  rectum. 

In  bronchitis  with  excessive  secretion,  small  or  often  minute  doses 
lessen  the  amount  and  allay  cough.  Where  the  secretion  is  tough  and 
scanty,  and  difficult  to  expectorate,  it  may  increase  these  tendencies. 
Opium  should  be  avoided  or  used  with  great  care  in  cases  of  bronchitis 
where  the  heart  is  weak,  and  where  there  is  a  tendency  to  accumulation  of 
mucus  and  oedema  of  the  lungs,  as  in  these  it  dulls  the  respiratory  centre 
and  lessens  cough,  which  is  the  natural  means  of  getting  rid  of  super- 
abundant pulmonary  secretions.  The  Pharmacopoeia  contains  many  pre- 
parations specially  designed  for  administration  in  pulmonary  troubles,  such 
as  the  Tinctura  Camphone  Composita  (B.P.),  Tinctura  Opii  Camphorata 
(U.S.P.),  Tinctura  Opii  Ammoniata  (B.P.),  and  Pilula  Ipecacuanhse  cum 
Scilla  (B.P.) ;  and  small  quantities  of  opium  or  morphine  are  often  added  to 
cough  mixtures.  In  prescribing  these,  especially  in  old  people,the  disturb- 
ing influence  of  opium  on  appetite  and  digestion  should  never  be  forgotten. 

In  diabetes,  opium  and  morphine  are  of  great  value  in  lessening  the 
excretion  of  sugar.  So  far  as  my  experience  goes,  they  have  more  effect  in 
this  respect  than  any  other  treatment  except  a  strict  diet,  and  are  capable 
of  greatly  increasing  the  effect  of  diet.  In  certain  cases  the  sugar  entirely, 
or  almost  entirely,  disappears  from  the  urine;  in  others  it  is  greatly 
reduced  in  amount,  and  occasionally  little  benefit  is  produced.  How 
opium  acts  in  diabetes  is  not  known,  unless  it  simply  lessens  irritation 
in  the  medulla,  but  in  any  case  it  does  not  strike  at  the  cause  of  the 
glycosuria,  which  is,  of  course,  not  always  the  same.  Beginning  with 
moderate  doses,  they  have  usually  to  be  increased  until  a  very  large  daily 
dose  is  being  consumed,  but  diabetics  bear  it  well  and  show  no  signs  of 
narcosis,  nor  of  digestive  or  nervous  disturbances. 

Opiates  are  also  used  as  diaphoretics  after  slight  chills,  slight  feverish 
or  rheumatic  attacks,  arrested  menstruation  from  exposure  to  cold,  and 
so  on.  Dover's  powder — Pulvis  Ipecacuanhoe  Compositus  (B.P.),  Pulvis 
Ipecacuanha  et  Opii  (U.S.P.) — is  the  form  in  which  they  are  usually  em- 
ployed for  this  purpose,  and  their  administration  must  be  assisted  by  rest 
in  bed,  hot-water  bottles,  and  warm  drinks. 
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In  aortic  disease,  where  there  is  pain  and  distress,  opium  has  a  distinct 
place  in  the  scheme  of  treatment.  The  dyspnoea  and  sleeplessness  of 
advanced  cardiac  disease  are  often  greatly  benefited  by  it.  If,  however, 
the  dyspnoea  is  partly  or  wholly  due  to  pulmonary  conditions,  opium 
should  be  avoided,  as,  owing  to  its  dulling  action  on  the  respiratory  centre, 
it  is  apt  to  increase  cyanosis  and  lessen  the  respiratory  activity. 

In  painful  nervous  diseases,  such  as  the  crises  of  locomotor  ataxia  or 
the  grave  forms  of  chorea,  morphine  lessens  the  inevitable  suffering.  In 
insanity,  and  in  conditions  of  increased  excitability,  such  as  tetanus, 
strychnine  poisoning,  and  epilepsy,  experience  has  shown  it  to  be  harmful 
on  the  whole. 

The  local  injection  of  morphine  in  neuralgia,  or  in  other  painful  con- 
ditions, is  thought  to  be  more  efficacious  than  its  injection  elsewhere, 
but  this  is  doubtful.  With  mucous  membranes  the  case  is  a  little  different. 
The  morphine  is  readily  absorbed  from  the  rectum  or  vagina,  for  instance, 
and  seems  to  exercise  a  local  as  well  as  a  general  sedative  action.  Hence 
opiate  enemata  and  suppositories  are  used  in  tenesmus  and  irritability 
of  the  bladder,  in  diarrhoea,  and  after  operations  on  the  bowel,  bladder, 
vagina,  or  urethra.  If  the  rectum  be  thoroughly  cleared,  the  opiate  is 
absorbed  as  completely  as  from  the  stomach,  but  more  slowly,  so  that 
a  larger  dose  (two  or  three  times  larger)  is  required  if  it  be  desired  to 
produce  narcosis. 

Centra-indications  and  cautions. — In  using  opiates,  care  has  to  be 
exercised  in  certain  conditions.  Young  children,  especially  those  under  three 
years,  are  peculiarly  susceptible  to  the  action  of  opium,  and  although  its 
administration  is  often  of  very  great  service,  this  has  to  be  borne  in  mind. 
One  minim  of  laudanum  is  said  to  be  sufficient  to  cause  serious  narcosis 
in  infants,  and  even  death.  In  respiratory  diseases  it  may  do  harm  by 
causing  great  stupor.  In  nursing-women,  morphine  is  apt  to  be  excreted 
in  the  milk  and  may  narcotise  the  child.  Children  in  idero  are  also 
influenced.  In  all  these  circumstances  care  is  necessary,  but  opium  is  not 
absolutely  contra-indicated. 

Certain  persons  are  readily  affected  by  opium,  and  some  of  them 
unpleasantly  so,  as  manifested  by  distressing  dreams  and  excitement. 
Mydriasis  may  be  produced  instead  of  myosis,  and  its  administra- 
tion may  be  followed  by  a  great  variety  of  functional  nervous  disturb- 
ances. 

Skin  eruptions  may  follow  its  use  in  some  people.  The  ordinary 
itching,  which  is  so  common,  may  be  relieved  by  giving  subcutaneously 
TV  gr.  of  pilocarpine  nitrate.  In  renal  disease,  opium  should  always  be 
given  with  the  very  greatest  caution.  It  is  apt  to  increase  dropsy,  if 
present,  and  the  tendency  to  uraemia  and  coma.  The  explanation  of  its 
action  on  the  kidney  is  not  very  clear,  but,  under  healthy  conditions  even, 
a  single  large  dose  of  opium  can  produce  albuminuria,  and  hence  in  Bright's 
disease  its  tendency  in  this  direction  may  be  markedly  accentuated.  In 
severe  pain  very  large  doses  are  readily  borne,  but  in  meningeal  and  cerebral 
congestion  opium  should  be  avoided,  as  it  may  increase  the  stupor. 

CODEINE. 
(B.P.  AND  U.S. P.). 

Codeine  is  methyl-morphine  (C17H18N03CH3),  and  is  found  naturally 
in  opium  or  may  be  prepared  from  morphine.  It  occurs  in  white  crystals, 
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soluble  in  80  parts  water,  and  freely  in  alcohol,  chloroform,  and  dilute 
acids.  It  has  a  bitter  taste. 

Pharmacology. — In  action,  codeine  comes  midway  between  thebaine 
and  morphine.  It  is  not  so  powerfully  tetanising  as  the  former,  nor  nearly 
so  narcotising  as  the  latter.  In  frogs  the  narcotic  action  is  only  observed 
after  small  doses,  as  larger  ones  cause  convulsions  at  once. 

In  mammals  it  causes  slight  but  distinct  narcosis,  unless  the  dose  be 
large,  when  convulsions  rapidly  develop,  and  may  result  in  death  from 
exhaustion  and  interference  with  the  respiration.  Codeine  has  no  action 
on  the  heart  or  blood  pressure,  apart  from  the  consequences  of  its  effects 
on  the  nervous  system.  In  moderate  dose,  at  least,  it  does  not  lessen 
the  secretions  nor  interfere  with  digestion,  hence  it  does  not  constipate. 
Its  myotic  action  on  the  pupil  is  slight.  It  is  to  a  limited  extent  analgesic 
as  well  as  soporific,  but  is  feeble  as  compared  with  morphine.  Weir 
Mitchell  experienced  no  symptoms  after  swallowing  2  grs.,  but  after  5 
grs.  he  was  affected  with  giddiness,  nausea,  and  a  heavy  feeling  in  the 
head,  without  any  desire  to  sleep,  all  of  which  passed  off  in  a  few  hours, 
but  left  behind  a  good  deal  of  gastric  disturbance.  After  4  grs.,  an  adult 
man  felt  giddy,  had  slightly  contracted  pupils,  and  depression  of  the 
circulation.  In  man  it  is  less  toxic  than  morphine,  but  in  animals  more  so. 

Therapeutics. — The  chief  value  of  codeine  preparations  is  to  soothe 
the  chronic  cough  of  pulmonary  phthisis  and  bronchitis.  For  this  purpose 
it  is  usually  sufficiently  powerful,  and  is  preferable  to  opium  or  morphine, 
as  it  does  not  constipate  and  only  rarely  interferes  with  digestion.  It  has, 
therefore,  the  inestimable  advantage  of  not  disturbing  the  appetite  and 
nutrition.  One-sixth  to  |-  gr.  may  be  given  several  times  daily.  The 
official  Syrupus  Codeinae  (B.P.)  contains  \  gr.  of  codeine  phosphate  in  each 
fluid  drachm.  The  advantage  of  the  phosphate  is  that  it  is  more  soluble 
than  codeine  itself. 

In  diabetes  mellitus  it  was  strongly  recommended  by  Pavy  to  lessen 
the  sugar  excretion,  but  it  is  certainly  inferior  to  opium  or  morphine  in 
this  respect  (Mitchell  Bruce,  Fraser).  In  this  disease  very  large  amounts 
can  be  borne  by  gradually  increasing  the  dose  up  to  20  or  30  grs.  or  more 
in  the  day.  Brunton  has  advised  the  use  of  codeine  in  painful  abdominal 
conditions,  but  here  also  it  is  inferior  to  opium. 

THEBAINE  AND  OTHER  ALKALOIDS. 

Thebaine  is  the  vinyl-ether  of  morphine  (CirHlsN02.C2H30),  just  as 
codeine  is  the  methyl-ether.  It  differs  little  in  its  action  from  strych- 
nine, but  careful  experimentation  on  animals  has  revealed  the  occurrence 
of  very  slight  depression,  it  can  scarcely  be  called  narcosis,  after  small 
doses.  Its  most  outstanding  action  is  the  production  of  violent  tetanus 
in  all  classes  of  vertebrates.  In  man,  Fronmiiller  gave  6  grs.  per  day  and 
Bouchard  7  grs.,  while  \  to  2  grs.  have  often  been  given  hypodermically, 
without  causing  more  than  a  suspicion  of  any  narcotic  effect.  It  is  of  no 
therapeutic  value. 

Narceine  is  inert  (v.  Schroder). 

The  other  alkaloids  resemble  codeine  more  or  less  closely  in  action, 
some  of  them  being  more  tetanising,  and  others  less.  Laudanine  and 
laudanosine  approach  more  nearly  to  thebaine,  while  papaverine  and  narco- 
tine  are  both  feebly  narcotic  and  feebly  tetanising.  Hydrocotarnine,  proto- 
pine,  and  cryptopine  have  a  generic  resemblance  to  the  others,  the  two  last 
16 
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being  also  muscle  poisons,  and  differing  in  other  respects.  Meconoisin, 
the  non-nitrogenous  active  constituent,  causes  tetanic  convulsions  in 
animals.  None  of  these  bodies  have  an  appreciable  hypnotic  effect  in 
man.  Narcotine  was  used  in  India  in  malaria  instead  of  quinine  during 
a  scarcity  of  the  latter,  but  it  is  not  so  valuable.  Doses  up  to  15  grs.  can 
be  given  without  any  very  appreciable  effect  (Koberts). 

The  possible  therapeutical  value  of  various  artificial  derivatives  of 
morphine  has  also  been  investigated.  Ethyl-morphine  and  amyl-morphine 
act  exactly  like  codeine;  acetyl-morpliine,diacetyl-morphinc.l>enzoyl-morphine, 
and  dibenzoyl-morphine  have  a  more  marked  depressing  effect  on  the  heart 
and  respiration  (Stockman  and  Dott),  so  much  so  as  to  make  them 
dangerous  in  practice  (Harnack).  Many  other  allied  bodies  have  been 
made  and  examined,  but  no  practical  applications  of  real  value  have 
followed.  In  these  the  radicals  replace  hydrogen  atoms  in  the  morphine, 
and  they  are  therefore  substitution  products.  Other  addition  products,  in 
which  methyl  and  ethyl  have  been  simply  added  on  to  morphine  or 
thebaine,  retain  the  characteristic  actions  of  the  original  alkaloids,  but 
have  a  much  more  paralysing  effect  on  the  terminations  of  motor  nerves, 
and  hence  produce  paralysis,  which  masks  but  does  not  abolish  the  other 
actions  (Crum  Brown  and  Fraser). 

TOXICOLOGY. 

Acute  poisoning  by  opium  or  morphine. — After  a  poisonous  dose  of 
opium  or  morphine,  narcosis  may  come  on  very  rapidly,  or  may  be  delayed 
for  an  hour  or  two,  if  absorption  be  slow  from  any  cause.  When  a 
person  is  fully  comatose,  there  is  an  absolute  indifference  to  external 
stimuli,  a  slow,  irregular,  and  very  soft  pulse,  and  a  respiration  rate  of 
2  to  5  per  minute,  sometimes  Cheyne-Stokes  in  character.  The  patient 
is  usually  very  cyanotic,  and  may  sweat  profusely.  Death  occurs  in 
from  six  to  ten  hours  from  respiratory  failure,  usually  assisted  by 
failure  of  the  circulation  and  stasis  in  the  lungs.  Sometimes  there  is 
apparent  recovery,  followed  in  a  few  hours  by  a  recurrence  of  the 
comatose  condition,  collapse,  and  death.  This  relapse  is  attributable 
either  to  pulmonary  oedema  or  to  reabsorption  of  the  morphine 
excreted  from  the  blood  into  the  alimentary  canal.  The  post-mortem 
appearances  consist  chiefly  of  congestion  and  serous  soaking  of  the 
viscera.  If  recovery  take  place,  it  is  followed  by  headache,  great  lassi- 
tude, malaise,  constipation,  and  dyspepsia.  There  may  also  be  tremors 
and  troubles  of  speech  and  sight,  which  may  persist  for  a  long  time. 

The  treatment  of  opium-poisoning  should  be  conducted  on  the  assump- 
tion that  death  is  threatened  from  respiratory  and  circulatory  failure. 
The  stomach  should  be  washed  out  at  once,  as  emetics  often  fail  to  act, 
owing  to  the  dulled  condition  of  the  nerve  centres.  The  washing  should 
be  carried  out  with  a  solution  containing  several  grains  of  potassium 
permanganate,  which  oxidises  morphine  to  an  inert  and  harmless 
body,  and  it  should  be  repeated  about  every  half-hour,  because  the 
alkaloid  is  being  continually  excreted  into  the  stomach.  No  violence 
should  be  used,  and  the  patient  should  be  kept  quietly  in  bed.  If  cold, 
hot-water  bottles  should  be  placed  around  him.  To  stimulate  respiration, 
cloths  dipped  in  hot  and  cold  water  may  be  applied  alternately  to  the 
chest,  or  the  faradic  current  may  be  used  over  the  skin,  but  not  too 
strongly.  Artificial  respiration  is  of  great  value  in  improving  the  con- 
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lition  of  the  circulation,  and  should  always  be  applied  from  time  to  time. 
Strychnine  and  caffeine  may  be  given  to  stimulate  the  medullary  centres, 
and  atropine  is  commonly  regarded  as  a  specific  antidote.  The  condition 
of  the  bladder  should  always  be  ascertained,  and  the  urine  drawn  off  if 
necessary.  The  fatal  dose  of  opium  and  morphine  is  very  variable. 
Children  under  5  years  of  age  have  occasionally  died  after  doses  of  %  to 
gr.  of  the  former,  and  adults  after  3  grs.,  but  much  larger  amounts 
frequently  fail  to  be  fatal.  Of  morphine,  ^  and  1  gr.  hypodermically  may 
cause  death,  but  the  average  lethal  dose  by  the  mouth  is  about  6  grs. 

Opium-eating,  opium  habit,  morphine  habit.  —  The  habitual  con- 
sumption of  opium  or  morphine  as  a  stimulant-narcotic  is  very  common  in 
the  East,  and  prevails  to  a  certain  extent  in  all  civilised  countries.  Crude 
opium,  or  one  of  its  preparations,  or  morphine  salts,  are  taken  by  the 
mouth  or  hypodermically.  In  India  the  daily  dose  of  opium  varies  from 
2  to  80  grs.  per  day,  4  to  12  being  a  common  average,  and  probably  about 
the  same  amount  is  usually  consumed  by  habitues  of  Western  race. 
From  2  to  6  grs.  of  morphine  daily  is  a  usual  amount  for  those  who 
prefer  the  alkaloid.  It  is  often  begun  for  the  relief  of  sleeplessness  or  pain, 
or  the  habit  may  be  learnt  from  others.  Once  ib  is  established,  any  inter- 
ruption of  the  daily  dose  produces  a  feeling  of  extreme  nervous  and  bodily 
misery,  watering  of  the  eyes  and  nose,  abdominal  uneasiness,  and  anorexia, 
all  of  which  at  once  disappear  on  taking  the  drug.  Many  persons  have 
this  craving,  and  indulge  moderately  and  regularly  in  opium  during  long 
years  without  any  apparent  injury  to  their  health  or  usefulness,  but  there 
~8  always  the  risk  of  injurious  excess  and  of  becoming  an  opium  sot. 
such  people  are  lean  and  shrivelled,  yellowish  in  colour,  dyspeptic,  consti- 
rated,  irritable,  somewhat  sleepless,  and  unreliable.  They  suffer  from 
motional  cardiac  and  nervous  disorders,  from  amenorrhoea,  impotence, 
ilbuminuria,  and  are  more  or  less  useless  as  working  members  of  the 
community.  The  deprivation  of  opium  in  such  people  brings  on  diarrhrea, 
mental  dejection,  severe  sleeplessness,  aching  in  the  bones,  and  lassitude, 
ill  of  which  may  be  recovered  from  in  a  few  days  or  weeks  without  special 
treatment.  In  persons  of  neurotic  temperament  the  results  are  often  more 
3vere — collapse,  delirium,  tremors,  hallucinations,  illusions,  and  even  death 
3curring.  The  treatment  of  excessive  and  injurious  indulgence  is  best 
irried  out  in  an  institution  where  the  patient  can  be  under  complete 
mtrol,  for  the  habit  makes  men  so  deceitful  that  their  promise  to  give  it 
ip  cannot  be  trusted.  In  certain  cases  the  morphine  can  be  stopped  at 
mce ;  but  in  others,  where  there  are  organic  lesions,  or  considerable,  asthenia, 
its  withdrawal  must  be  more  gradual.  As  regards  diet  and  the  general 
winciples  of  treatment,  the  conditions  are  much  the  same  as  in  alcoholic 
delirium.  Coleridge  says  that  he  found  ammoniated  tincture  of  valerian 
was  the  oidy  medicine  which  did  him  any  good  or  lessened  the  craving ; 
but  chloral  hydrate,  alcohol,  ether,  ammonia,  and  other  stimulants  occa- 
sionally relieve  the  intense  depression  and  sleeplessness.  Recovery  from 
all  these  symptoms  may  take  place  in  a  few  weeks  at  most,  but  the  patient 
is  very  apt  to  relapse  sooner  or  later  into  his  old  habits,  and  a  permanent 
cure  is  unfortunately  exceptional. 

In  India  habitual  indulgence  in  opium  is  widespread,  the  inhabitants 
taking  a  certain  amount  every  day,  especially  in  damp  and  malarious 
districts.  According  to  the  report  of  the  Royal  Commission  (1895),  no 
injurious  effects  can  be  traced  to  the  practice,  but,  on  the  contrary,  it  wards 
off  sickness,  and  lessens  the  discomfort  consequent  on  poor  food  and  gastro- 
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intestinal  and  malarial  diseases.  Apparently  its  use  does  not  shorten  the 
average  longevity,  although  persons  who  indulge  to  excess  seem  to  bear 
acute  illnesses  badly,  but,  on  the  other  hand,  it  probably  diminishes  the 
liability  to  malaria.  It  is  used  chiefly  by  persons  in  middle  or  old  age, 
but  in  many  parts  of  India  it  is  the  custom  to  give  infants  from  \  to 
2  grs.  daily  during  the  first  two  years  of  life.  It  is  said  to  ward  off  gastro- 
intestinal troubles,  and  can  seemingly  be  stopped  without  injurious  effects 
as  soon  as  early  infancy  is  passed. 

Opium-smoking. — The  smoking  of  opium  is  a  habit  indulged  in  chiefly 
in  China,  and  other  countries  of  the  Far  East.  In  India  there  is  little 
opium-smoking,  except  in  the  large  towns,  the  practice  being  held  in 
great  disrepute.  In  China  it  is  roughly  estimated  that  about  10  per  cent, 
of  the  adult  male  population  have  the  habit.  For  purposes  of  smoking, 
opium  is  heated  with  water,  strained,  and  the  liquid  then  slowly  evaporated 
to  the  consistence  of  a  thick  tarry  extract,  when  it  is  called  cliandu.  This 
gets  rid  of  caoutchouc,  fat,  resin,  and  other  insoluble  matters,  and  thereby 
greatly  improves  the  flavour  of  the  smoke,  which  can  be  still  further 
improved  by  a  process  of  fermentation  of  the  extract  lasting  ten  or  twelve 
months.  A  peculiar  pipe  is  used,  the  chandu  is  manipulated  with  a  piece 
of  flattened  metal  into  a  mass  about  the  size  of  a  large  pea,  which  is 
quickly  dried,  placed  on  the  pipe  bowl,  then  applied  to  the  flame  of  a 
lamp,  and  the  resulting  smoke  inhaled.  The  little  mass  is  disposed  of 
in  a  few  whiffs,  and  six  to  twenty  of  them  may  be  inhaled.  Sometimes 
little  balls,  made  of  about  1  part  chandu  and  3  parts  dried  bran  or  charred 
leaves,  are  smoked  in  a  hookah,  this  form  of  opium  being  called  madak  or 
muddut,  but  it  is  not  considered  so  pleasant.  A  very  small  amount  of 
unchanged  morphine  comes  over  with  the  smoke,  the  chief  products  being 
pyridine  bases,  pyrrol,  and  acetone.  Like  tobacco-smoking,  it  is  a  habit 
which,  when  once  established,  obtains  a  very  firm  hold  over  persons  who 
indulge  in  it.  Sir  George  Birdwood  and  other  authorities,  who  have 
carefully  investigated  the  question,  state  that  its  moderate  use  does  no 
harm ;  but,  on  the  other  hand,  many  people  indulge  in  periodic  debauches, 
or  habitually  use  it  to  excess.  A  confirmed  and  excessive  smoker  has  an 
emaciated  and  meagre  appearance,  is  tremulous,  nervous,  dyspeptic,  and 
very  often  impotent,  while  his  working  power  is  much  diminished.  Opium- 
smoking  is  often  used  to  afford  relief  in  asthma,  bronchitis,  and  consump- 
tion. Martin  makes  the  curious  statement  that  dogs,  cats,  and  monkeys, 
which  sit  near  their  masters  and  inhale  the  smoke  at  second-hand,  become 
as  much  addicted  to  the  habit  as  men,  and  are  miserable  and  restless  if 
deprived  of  it.  He  also  says  that  it  is  innocuous  unless  carried  to  excess, 
and  that  the  public  opium-houses  are  only  resorted  to  by  the  lower  classes, 
and  that  what  one  sees  there  is  no  criterion  of  its  judicious  use  among  the 
educated  and  respectable  classes. 

In  Easterns  the  effects  produced  are  slight  psychical  excitement, 
and  a  pleasant  feeling  of  satisfaction  and  content,  followed  by  narcosis. 
Europeans  can  smoke  an  almost  unlimited  quantity  without  producing 
any  symptoms  beyond  thirst  and  headache,  but  they  also  may  become 
slaves  to  the  practice,  and  by  habitual  indulgence  establish  a  strong 
craving. 

Tolerance  to  opium. — As  a  result  of  their  extensive  inquiries,  the  Royal 
Commission  on  Opium  came  to  the  conclusion  that  natives  of  India  are 
more  tolerant  of  it  than  Europeans.  That  is  to  say,  they  are  liable  to 
suffer  fewer  and  less  serious  ill  effects  from  the  habit  of  taking  large 
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doses ;  but,  on  the  other  hand,  Europeans  do  not  experience  in  the  same 
degree  the  stimulating  and  pleasurable  effects  of  the  drug.  This  is  plainly 
shown  by  the  fact  that  its  use  has  not  spread  among  Western  peoples,  as 
the  use  of  tea  and  tobacco  has  done.  Indian  children  from  birth  can 
tolerate  doses  of  opium  which  would  kill  an  infant  of  European  parentage. 
This  natural  tolerance  is  evidently  an  attribute  of  race,  and  may  have 
been  gradually  evolved  during  the  eight  centuries  or  more  in  which  opium 
has  been  so  freely  used  in  India.  Its  origin  has  been  attributed  to  climate, 
to  vegetable  diet,  and  to  the  prevalence  of  malaria ;  but  none  of  these 
explanations  are  satisfactory,  as  tolerance  to  opium  and  morphine  can 
be  artificially  acquired  by  any  one  who  habituates  himself  to  gradually 
increasing  doses.  The  range  of  individual  tolerance  is  very  great,  some 
persons  never  getting  beyond  a  certain  small  amount,  while  others  can 
consume  enormous  quantities  without  any  effects  being  manifested.  It 
was  stated  by  one  witness  before  the  Royal  Commission,  that  he  had  seen 
a  religious  mendicant  swallow  200  grs.  of  opium  on  one  occasion ;  another 
witness  stated  that  he  had  seen  300  grs.  taken  at  once ;  and  many  cases 
are  on  record  where  such  quantities  as  300  to  500  grs.  of  opium,  or 
corresponding  amounts  of  laudanum  and  morphine,  have  been  consumed 
during  twenty-four  hours.  Most  persons  in  habitually  taking  opium  soon 
reach  a  limit,  and  if  they  go  beyond  it  they  manifest  drowsiness  and  the 
other  symptoms  seen  after  a  small  dose  in  those  unaccustomed  to  its  use. 
The  same  state  of  affairs  is  seen  in  the  case  of  alcohol  and  tobacco. 
Tolerance  is  only  established  up  to  a  certain  dose,  and  even  the  most 
habituated  feel  the  stimulant-narcotic  action  when  they  consume  their 
accustomed  quantum.  It  is,  in  fact,  for  this  purpose  that  they  indulge 
in  it. 

A  series  of  observations  which  I  made  on  animals  prove  that  they 
react  similarly.  They  became  accustomed  to  a  certain  large  dose,  but 
anything  beyond  that  always  caused  the  ordinary  symptoms  of  morphine 
poisoning.  The  explanation  of  this  tolerance  is  probably  closely  related 
to  the  question  of  immunity.  Either  the  nerve  cells  become  altered,  so 
that  they  cease  to  react  to  moderate  amounts  of  morphine,  or  an  antitoxic 
substance  is  formed  in  such  quantity  that  it  can  antagonise  a  certain 
amount  of  the  poison,  but  not  a  very  large  dose.  Different  individual 
capacity  for  forming  antitoxine  would  explain  the  great  differences  in 
toleration  to  opium.  I  was  unable  to  find  any  antitoxic  substance  in  the 
blood  of  animals  habituated  to  morphine,  but  it  may  be  present  only  in 
the  brain  and  spinal  cord,  which  unfortunately  were  not  examined. 

ANTAGONISM  BETWEEN  ATROPINE  AND  MORPHINE. 

The  belief  in  an  antagonistic  action  between  belladonna  and  opium  dates 
back  to  1570,  since  when  a  good  deal  of  attention  has  been  devoted  to  the 
subject,  without  finally  deciding  whether  it  really  exists  or  not.  Most  of  the 
cases  of  opium-poisoning  in  which  atropine  has  been  used  as  an  antidote, 
were  also  treated  by  other  means,  and  hence  no  definite  conclusions 
regarding  its  efficacy  can  be  drawn.  Out  of  132  cases  collected  by 
Lenhartz,  fifty-nine  were  treated  with  belladonna,  of  which  38  per  cent, 
recovered,  and  seventy-two  without  belladonna,  of  which  18  per  cent, 
recovered.  Such  statistics  are  quite  valueless  in  deciding  the  question, 
as  the  fatal  issue,  or  the  reverse,  must  often  depend  on  the  dose,  the 
particular  patient,  or  other  circumstances  quite  outside  the  action  of 
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belladonna.  Onsum,  Camus,  and  Frohlich,  from  experiments  on  animals, 
conclude  that  atropine  does  not  save  life  after  the  minimum  lethal  dose 
of  morphine  has  heen  given.  Reese  states  that  his  experiments  on  dogs 
were  inconclusive,  but  thinks  that  in  the  case  of  man  the  weight  of 
evidence  is  in  favour  of  an  antidotal  action.  Leuhartz,  however,  comes 
to  the  very  opposite  conclusion.  All  admit,  as  was  also  found  by  the 
British  Medical  Association  Committee,  that  atropine  is  capable  of 
dilating  the  pupil,  of  quickening  the  heart  and  raising  the  blood  pressure, 
and  even  of  stimulating  the  respiration,  after  morphine,  but  this,  they 
hold,  has  no  real  effect  in  saving  life  after  a  large  dose.  In  the  attempts 
to  decide  this  question  by  observations  on  animals,  it  has  probably  not 
been  held  sufficiently  in  view  that  morphine  is  both  narcotic  and  tetanis- 
ing  in  large  doses,  and  that  both  actions  threaten  life.  Although  atropine 
may  favourably  affect  the  stupor  and  stimulate  the  respiratory  centre, 
it  will  almost  certainly  increase  the  tetanus.  Binz  and  Heubach  think 
that  the  favourable  influence  which  they  observed  in  dogs  on  the  re- 
spiration, the  circulation,  and  the  narcosis,  must  have  some  effect  in 
saving  life.  On  the  whole,  it  seems  certain  that,  after  a  very  large  dose 
of  opium  or  morphine,  atropine  does  not  avert  a  fatal  issue,  but  it  is 
by  no  means  proved  that  it  does  not  assist  in  doing  so  in  cases  in 
which  only  the  minimum  lethal  dose  has  been  taken.  It  is  quite 
certain,  however,  that  some  of  the  minor  unpleasant  effects  of  atropine 
can  be  controlled  by  morphine,  and  vice  versd.  On  this  point  there  exist 
interesting  clinical  experiences  in  man,  recorded  by  Weir  Mitchell,  Keen, 
and  Morehouse.  They  found  that  the  headache,  mental  phantasms,  and 
visual  and  auditory  disturbances  sometimes  caused  by  atropine  are 
lessened  by  giving  morphine  with  it,  while  the  drowsiness,  stupor,  and 
contracted  pupil  of  the  latter  are  lessened  by  the  former.  Both  check 
the  secretions,  and  both  cause  dysuria ;  hence  these  actions  are  heightened 
by  combination,  while  atropine  only  occasionally  lessens  the  nausea  which 
morphine  sometimes  induces.  They  also  point  out  that  atropine  lessens 
the  soporific,  but  not  the  analgesic  powers  of  morphine. 
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APOMORPHINE  HYDROCHLORIDE. 

(B.P.    AND   U.S.P.) 

APOMORPHINE  was  first  prepared  by  Matthiessen  and  Wright  in  1869,  by 
heating  morphine  in  a  sealed  tube  with  hydrochloric  acid,  the  morphine 
losing  two  hydrogen  and  one  oxygen  atoms.  It  can  also  be  prepared 
from  codeine.  It  is  an  alkaloid,  and  forms  salts  with  acids. 
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Pharmacology.  —  Man  and  other  animals  which  vomit  easily 
exhibit  after  medium  doses  of  apomorphine  hydrochloride  no  very 
marked  effects  except  emesis  and  its  accompaniments,  that  is  to  say, 
some  preceding  nausea,  an  increased  frequency  of  pulse  and  respiration, 
and  an  increase  of  mucous  secretions,  with  a  feeling  of  malaise  and  depres- 
sion. The  nausea  does  not  last  long,  nor  is  it  or  the  depression  severe. 
Often  in  a  few  minutes  after  vomiting,  the  feeling  of  wellbeing  is 
re-established,  but  in  other  cases  fatigue  and  drowsiness  ensue.  Small 
doses  simply  increase  the  secretion  of  bronchial  mucus,  and  apparently  do 
so  by  inducing  scarcely  perceptible  nausea.  The  emesis  is  due  to  direct 
stimulation  of  the  vomiting  centre  in  the  medulla.  It  occurs  more  quickly 
if  the  drug  be  given  by  a  vein  or  subcutaneously  than  by  the  stomach,  and 
much  smaller  doses  are  necessary.  Vomiting  takes  place  usually  in  from 
one  to  five  minutes  after  hypodermic  injection,  but  may  occasionally  be 
delayed  to  ten,  or  even  twenty,  minutes.  Apomorphine  does  not  cause 
gastric  catarrh  or  diarrhoaa  as  an  after-result  of  its  action,  as  other  emetics 
often  do.  A  portion  of  the  apomorphine  is  excreted  into  the  stomach, 
but  none  has  been  found  in  the  bronchial  mucus.  Both  the  emesis  and 
the  increased  expectoration  seem  to  be  quite  independent  of  any  local 
irritation. 

In  animals  (dogs  and  cats)  very  large  doses  are  not  followed  by  emesis, 
but  by  marked  excitation  of  the  nervous  system.  The  psychical  and  motor 
mtres  seem  to  be  stimulated  :  there  is  restlessness,  leaping,  running  about, 
md  convulsions.  The  vomiting  centre,  however,  seems  to  be  depressed  by 
these  large  amounts.  The  excitement  is  followed  by  great  depression, 
coma,  loss  of  reflexes,  and  paresis.  The  respiratory  centre  is  greatly 
excited  at  first,  causing  increased  rapidity  of  respiration,  and  even  dyspnrea, 
followed  by  slowing  and  depression. 

Eabbits  cannot  vomit,  but  they  show  marked  excitement  from  stimula- 
tion of  the  nervous  system.  There  is  a  good  deal  of  muscular  depression 
also,  from  a  direct  action  on  the  voluntary  muscles. 

In  man  a  dose  of  3  grs.  has  been  given  by  mistake,  and  this  was  fol- 
lowed by  several  fainting  fits,  dyspnoea,  and  a  feeling  of  suffocation,  which 
were  suddenly  relieved  by  very  copious  expectoration.  Harnack  states 
that  after  the  subcutaneous  injection  of  ^  gr.  he  experienced  excessive 
muscular  weakness,  something  quite  apart  from  the  ordinary  depression 
induced  by  vomiting. 

On  the  circulation  therapeutic  doses  have  little  direct  effect,  but  larger 
amounts  depress  and  weaken  the  heart  muscle.  The  respiration  is  first 
accelerated  and  afterwards  somewhat  slowed. 

Murrell  states  that,  mixed  with  lard,  vaseline,  or  lanoline,  apomorphine 
hydrochloride  can  be  absorbed  through  the  skin,  but  slowly,  so  that  only 
its  expectorant  effect  is  noticed.  A  2  per  cent,  solution  is  capable  of  pro- 
ducing local  anaesthesia  of  the  cornea,  but  at  the  same  time  there  is  much 
irritation. 

Therapeutics. — The  chief  use  of  apomorphine  is  as  an  emetic.  It 
is  safe  and  reliable,  causes  little  depression,  and  its  effects  quickly  pass  off. 
It  is  used  when  it  is  desired  to  rapidly  empty  the  stomach,  and  a  sub- 
cutaneous dose  of  TV  gr.  can  in  most  cases  be  quite  safely  repeated.  In 
persons  who  are  unconscious,  or  who  have  been  poisoned  with  opium, 
chloral,  alcohol,  and  chloroform,  it  usually  fails  to  act,  owing  to  the  dulled 
condition  of  the  vomiting  centre,  and  in  these  cases  it  is  much  the  best 
plan  to  wash  out  the  stomach  at  once. 
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Great  individual  differences  in  susceptibility  to  its  action  have  been 
observed.  Gee,  who  first  investigated  its  effects,  noticed  this,  and  also 
that  there  was  often  marked  muscular  depression,  unaccompanied  by 
any  special  failure  of  the  circulation.  He  states  that  the  strongest  men 
sometimes  suffer  greatly,  while  the  weakest  may  escape.  In  children,  care 
in  its  use  is  necessary,  as  it  sometimes  causes  depression,  coma,  and  a  good 
deal  of  collapse.  Subcutaneous  injection  of  ether  seems  to  be  the  best 
means  of  removing  the  general  depression  and  the  cardiac  and  respiratory 
disturbances  which  sometimes  occur. 

Apomorphine  may  be  used  to  dislodge  foreign  bodies  from  the  oesophagus 
and  respiratory  passages.  It  has  also  been  used  as  an  expectorant  in  the 
early  stage  of  acute  bronchitis,  and  in  chronic  cases  when  the  expectoration 
is  tough  and  scanty.  One-twentieth  of  a  gr.  by  the  mouth  is  a  suitable 
dose  in  such  cases,  and  may  be  usefully  combined  with  other  expectorants, 
and  sometimes  with  minute  quantities  of  opium  preparations  or  morphine. 
A  good  preparation  is  the  Syrupus  Apomorphinse  of  the  British  Pharma- 
ceutical Conference. 

A  considerable  degree  of  tolerance  to  its  action  is  readily  induced  in 
many  cases.  Murrell  states  that  he  has  frequently  gradually  increased  the 
dose  in  treating  cases  of  bronchitis  until  it  reached  over  a  grain  thrice  daily, 
without  causing  disagreeable  nausea.  According  to  Harnack,  the  green 
substance  into  which  apomorphine  decomposes  is  inert. 

APOCODEINE. 

This  base  was  prepared  by  Matthiessen  and  Burnside  by  treating 
codeine  with  zinc  chloride.  Chemically  it  is  codeine  minus  two  atoms  of 
hydrogen  and  one  of  oxygen.  Its  reactions  are  almost  identical  with 
those  of  apomorphine,  but  it  is  more  stable  and  does  not  change  colour. 
Legg  found  that  in  dogs  1  gr.  of  apocodeine  hydrochloride  caused  vomit- 
ing, while  4  or  5  grs.  were  followed  by  death  in  deep  coma.  In  man  1  to 
3  grs.  by  the  stomach  had  no  action ;  y1^  gr.  hypodermically  simply  caused 
local  irritation.  Murrell  states  that  a  perfectly  neutral  solution  may  be 
used  for  hypodermic  injection,  and  that  4-  or  ^  gr.  acts  as  a  powerful  ex- 
pectorant. He  says  that  3  or  4  grs.  may  be  administered  daily  with 
perfect  safety  in  bronchitis.  It  occasionally  causes  vomiting. 

KEFEKENCES. 

GEE. — St.  Barth.  Hosp.  Rep.,  London,  1869,  vol.  v.  HARNACK. — Miinclien. 
med.  Wchnschr.,  1892,  and  "  Arzneimittellehre  "  (literature).  LEGG.—  St.  BartJi. 
Hosp.  Rep.,  London,  1870,  vol.  vi.  MATTHIESSEN  AND  BURNSIDE. — Proc.  Roy. 
Soc.,  London,  1871,  vol.  xix.  MATTHIESSEN  AND  WRIGHT. — Ibid.,  1869,  vol. 
xvii.  MURRELL. — Brit.  Med.  Journ.,  London,  1891,  vol.  i.  (literature). 

R.   STOCKMAN. 


HOPS. 

LUPULUS  (B.P.)  (Syn.  Humulus)  are  the  dried  strobiles  of  the  cultivated 
Humulus  Lupulus.  The  odour  is  due  to  a  volatile  oil  which  contains 
valerol,  and  this  gradually  oxidises  more  or  less  to  isovaleric  acid, 
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hence  the  gradual  change  of  odour  on  keeping.  Hops  contain  a  bitter 
principle,  which  has  been  named  lupamaric  acid.  There  is  also  some 
tannin. 

LUPULINUM.  —  Lupulin  (B.P.  and  U.S.P.)  consists  of  glands  obtained 
from  the  strobiles.  It  is  a  granular,  brownish  yellow  powder,  with  a  strong 
odour  of  hops,  and  a  bitter  aromatic  taste.  It  is  often  very  impure.  It 
contains  the  aromatic  oil  and  bitter  principle  of  hops,  resin,  and  traces  of 
other  bodies  very  imperfectly  known. 

Action  and  uses. — The  preparations  of  hops  are  used  as  aromatic  bitters 
to  improve  appetite  and  digestion.  Besides  this,  they  have  a  slightly 
sedative  effect  on  the  nervous  system.  They  are  chiefly  used  in  the  form 
of  bitter  ale,  which  derives  its  peculiar  flavour  and  taste  from  them,  as  well 
as  a  certain  degree  of  its  heavy  soporific  effect. 

Lupulin  has  some  reputation  as  a  hypnotic.  Fronmiiller  made  two 
observations  on  healthy  men,  giving  to  each  \  oz.  twice  during  the  day, 
and  in  neither  did  it  produce  sleep  or  any  marked  disturbance.  It  is  also 
used  as  an  anaphrodisiac,  and  in  sperrnatorrho3a.  Any  action  it  has  in 
these  directions  is  slight.  A  pillow  stuffed  with  hops  is  sometimes  used 
for  sleeplessness.  It  has  no  specific  effect  in  this  respect  beyond  what  is 
seen  from  other  essential  oils  and  perfumes  made  from  them. 

K.    STOCKMAN. 


LETTUCE. 

THE  dried  juice  of  Lactuca  virosa  is  known  as  lactucarium.  It  is  official 
in  the  United  States  Pharmacopoeia,  but  not  in  the  British.  It  is  in  hard 
irregular  pieces,  of  a  brownish  colour,  a  characteristic  odour,  and  a  bitter 
taste.  Doses  of  10  to  20  grs.  have  a  mild  hypnotic  effect.  The  active 
principle  seems  to  be  a  body  named  lactucin.  Fresh  lettuce  contains  also 
traces  of  hyoscyamine,  and  was  known  in  classic  times  as  inclining  to 
produce  slumber.  It  is  sometimes  added  to  cough  mixtures  as  a  sedative. 

R.    STOCKMAN. 


COOE  FOLIA— COCA. 

(B.P.)  (U.S.P) 

COCA  leaves  are  imported  chiefly  from  Bolivia  and  Peru,  where  they  have 
been  cultivated  for  centuries.  Small  quantities  are  also  grown  in  neigh- 
bouring parts  of  South  America,  and  in  Java,  India,  Ceylon,  and  Jamaica. 
They  are  brownish  green  in  colour,  oval  in  shape,  entire,  and  about  1  to  3 
in.  long.  They  have  a  faint  odour  and  a  bitter  taste,  and  when  chewed 
cause  numbness  of  the  tongue  and  lips.  Coca  leaves  were  first  brought  to 
Europe  in  1569. 

Composition. — The  most  important  alkaloid  present  in  them  is 
cocaine,  of  which  they  contain  from  about  I  to  1  per  cent.  This  is  official 
in  both  Pharmacopoeias  as  the  hydrochloride.  Other  alkaloids  are  always 
present,  but  in  very  varying  quantity  (from  about  \  to  £  per  cent.).  Those 
which  have  been  isolated  and  described  are  isairopyl-cocaine,  cinnamyl- 
cocaine,  tropacocaine,  cocamine,  homococamine,  and  others,  all  of  which 
resemble  cocaine  more  or  less  closely  in  action.  Unless  the  leaves  are 
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very  carefully  dried  and  kept,  they  are  apt  to  lose  their  value,  as  the  active 
principles  readily  decompose. 

Cocaine  was  isolated  and  first  carefully  described  by  Niemann  in  1859, 
and  canie  into  general  use  in  medicine  in  1884,  as  a  result  of  Koller's 
application  of  it  to  cause  local  anaesthesia.  Chemically  it  is  methyl- 
benzoyl-ecgonine,  as  may  be  shown  by  heating  it  with  dilute  mineral 
acids,  when  it  takes  up  water  and  decomposes  thus : — 

CirH21N04  +  2H20  =  C9H15N03  +  CTH602  +  CH40. 
(Cocaine.)  (Ecgonine.)     (Benzoic     (Methyl 

acid.)      alcohol.) 

When  simply  heated  with  water  it  also  decomposes,  but  not  so  completely, 
into  benzoyl-ecgonine  and  methyl  alcohol. 

C17H21N04  +  H20  =  C16H19N04  +  CH4O. 

(Benzoyl-       (Methyl 
ecgonine. )     alcohol. ) 

Bcgonine  is  an  alkaloid  derived  from  tropidine,  and  hence  cocaine 
and  atropine  have  close  chemical  relationships.  The  latter  has  a  much 
less  powerful  action  locally  on  sensory  nerves,  but  a  more  powerful  one 
on  secretory  nerves. 

Isatropyl-cocaine,  cinnamyl-cocaine,  and  other  cocaine  derivatives, 
when  split  up,  yield  isatropic,  cinnamic,  or  other  acids,  as  the  case  may  be, 
instead  of  benzoic  acid.  Otherwise  they  have  the  same  chemical  constitution 
as  cocaine,  which  is  largely  made  synthetically  by  obtaining  ecgonine  from 
these  alkaloids,  and  recombining  it  with  the  radicals  benzoyl  and  methyl. 

Hygrine. — Another  alkaloid  which  has  been  described  as  present  in 
coca  leaves.  It  is  a  liquid  oily  base,  and  is  probably  formed  by  the 
decomposition  of  the  others  during  the  processes  of  chemical  extraction. 
It  is  very  irritating. 

Pharmacology. — Cocaine  is  a  powerful  poison  to  all  forms  of  proto- 
plasm, such  as  leucocytes,  amoebae,  epithelial  cilia,  and  germinating  seeds. 
A  1  per  cent,  solution  kills  these,  but  a  \  per  cent,  is  said  to  stimulate 
movements. 

Local. — When  a  solution  is  painted  on  the  skin  it  does  not  penetrate, 
but  if  the  epidermis  be  removed,  or  if  the  alkaloid  be  injected  sub- 
cutaneously,  there  is  marked  local  anaesthesia  from  paralysis  of  the  sensory 
nerve  terminations.  The  sensibility  to  pain  and  touch  is  abolished 
entirely,  as  well  as  that  to  heat  and  cold.  The  area  and  duration  of  the 
anaesthesia  depend  on  the  amount  of  solutionoised,  its  strength,  and  whether 
it  is  kept  confined  to  the  part,  or  is  allowed  to  be  absorbed  into  the  circula- 
tion. Applied  in  solution  to  any  of  the  mucous  membranes,  it  readily 
reaches  the  local  sensory  nerves,  and  paralyses  their  terminations.  The 
tongue  and  lips  feel  numb  and  swollen ;  so  does  the  throat,  which  has  also 
a  dry  feeling,  and  there  is  a  slight  but  distinct  loss  of  control  over  the 
movements  of  swallowing.  When  the  oral  mucous  membrane  is  thoroughly 
brought  under  the  influence  of  cocaine,  not  only  is  ordinary  sensation  to 
pain  abolished,  but  the  difference  between  sweet,  bitter,  salt,  and  acid  sub- 
stances cannot  be  recognised.  In  fact  they  produce  no  sensory  impressions 
at  all.  Neither  can  heat  or  cold  be  distinguished.  Cocaine,  when  painted 
on  the  nasal  mucous  membrane,  also  abolishes  the  sense  of  smell.  If  it  be 
injected  into  or  painted  on  a  nerve  trunk,  sensation  in  the  area  supplied  by 
the  branches  is  temporarily  lost.  The  anaesthesia  lasts  for  a  period  propor- 
tional to  the  strength  of  solution,  and  the  thoroughness  of  its  application 
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and  local  absorption  (see  p.  86).  The  cocaine  is  said  to  cause  microscopic 
changes  in  the  nerve  axis,  but  this  is  very  doubtful,  and  the  statement 
requires  confirmation. 

Internal. — Brain  and  spinal  cord. — When  a  small  dose  (1  to  2  grs.)  is 
swallowed,  it  excites  a  sense  of  buoyancy  and  exhilaration,  with  increased 
mental  activity.  Any  feeling  of  bodily  or  mental  fatigue  wears  off,  there  is 
restlessness  and  a  desire  to  move  about  or  work.  If  the  person,  however,  lies 
down  quietly  and  takes  a  very  moderate  dose,  there  is  a  sense  of  quietude 
and  calm,  of  isolation  and  a  pleasant  dreaminess.  Like  other  stimulants, 
its  refreshing  effects  are  most  appreciated  in  conditions  of  exhaustion. 

Larger  doses  have  a  more  exciting  effect,  and  may  cause  mental  exalta- 
tion, talkativeness,  great  restlessness,  and  tremors.  The  mental  and  bodily 
stimulation  and  indifference  to  fatigue  may  last  for  two  to  six  hours  or 
more,  and  there  is  often  persistent  sleeplessness.  After  4  to  12  grs., 
hypodermically,  Hammond  noted  in  himself  an  incoherence  of  ideas 
and  great  mental  excitement,  with  rapid  and  tumultuous  action  of  the 
heart,  but  he  was  able  to  write  sensibly,  to  move  about  his  study  as 
usual,  and  to  put  out  the  gas,  and  so  forth.  When  he  took  18  grs.  (a  dose 
which  would  be  fatal  to  most  men)  he  had  great  mental  disorder,  amounting 
at  times  to  delirium  :  he  was  absolutely  reckless,  and  performed  extravagant 
acts  without  apparently  paying  attention,  and  with  complete  forgetful- 
ness  afterwards  of  what  he  had  done. 

Different  individuals  react  somewhat  differently,  and  there  are  very 
varying  degrees  of  susceptibility  shown  to  equal  doses.  With  small  doses 
there  are  no  disagreeable  after  effects,  but  these  large  amounts  may  result 
in  severe  headache  and  malaise.  With  large  doses,  also,  the  gait  is  affected, 
co-ordination  is  not  good,  there  is  more  or  less  general  analgesia,  and 
there  is  loss  of  acuteness  of  sensation  in  the  soles  of  the  feet  and  legs. 
Some  of  these  symptoms  are  seen  in  locomotor  ataxia,  and  are  due  to  the 
same  cause,  namely,  deficient  conduction  of  sensory  impressions. 

Small  doses  undoubtedly  act  by  stimulating  the  cerebral  nerve  cells,  as 
the  reaction  time  is  shortened  (Freud).  In  those  accustomed  to  its  use,  and 
under  proper  conditions,  a  soothing  narcotic  action  is  manifested,  with  a 
subjective  feeling  of  calm.  Large  doses  first  greatly  excite,  and  then  de- 
press or  paralyse,  the  centres.  The  painting  of  a  cocaine  solution  over  the 
cortical  areas  of  the  brain  makes  them  inexcitable  to  electric  stimulation 
(Freud),  and  if  applied  over  the  medulla  it  kills  by  gradually  paralysing 
the  respiratory  centre. 

The  stimulant-narcotic  action  of  cocaine  seems  to  be  midway  between 
that  of  morphine  and  caffeine,  combining  the  soothing  influence  of  the 
former  with  the  stimulant  effect  of  the  latter.  The  absence  of  after- 
depression  and  mental  torpor,  results  so  often  seen  with  morphine,  is  attri- 
butable to  this  rapidly  succeeding  stimulation,  and  to  the  fact  that  the 
cerebrum  is  never  so  deeply  narcotised.  Further,  the  injurious  action  on 
digestion  is  absent.  In  frogs  the  actions  of  cocaine  and  morphine  on  the 
brain  and  cord  have  a  very  great  resemblance,  while  in  mammalia  the 
former  closely  reproduces  most  of  the  symptoms  seen  after  caffeine.  With 
the  largest  doses  there  is  a  certain  resemblance  to  the  cerebral  symptoms 
of  atropine  poisoning.  The  lower  centres  in  the  brain,  and  those  in  the 
medulla  and  cord,  are  stimulated  by  cocaine  up  to  a  certain  point,  but 
depression  ensues.  With  small  doses  the  cerebrum  chiefly  is  affected,  the 
other  parts  being  distinctly  involved  only  after  larger  quantities  of  the 
alkaloid. 
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The  convulsions  which  occur  in  man  and  in  mammalia  are  stated  not 
to  be  spinal  in  origin,  but  to  be  due  to  stimulation  of  the  medulla.  There 
is,  however,  great  obscurity  regarding  this.  In  animals,  slight  peripheral 
stimuli  are  not  taken  any  notice  of  at  this  stage ;  but  if  a  severe  stimulus 
is  applied  and  felt,  the  animal  responds  by  a  violent  tetanic  reflex,  followed 
by  extreme  exhaustion.  The  sensory  conduction  is  evidently  greatly 
interfered  with  and  diminished  (Grasset) ;  but  if  the  reflex  centres  do 
become  impressed  by  sensory  impulses,  they  seem  capable  of  developing 
an  exaggerated  tetanic  response,  after  which  they  pass  into  a  condition  of 
exhaustion,  and  it  is  always  some  time  before  another  spasm  can  be 
elicited.  The  whole  condition  of  affairs  is  little  understood,  but  probably 
the  reflex  centres  are  still  in  a  state  of  stimulation  at  a  time  when  con- 
duction has  become  greatly  depressed.  Most  likely,  also,  the  higher  and 
lower  cerebral  centres  share  the  excitement,  and  are  partially  responsible 
for  the  convulsions.  In  animals,  cocaine  convulsions  can  be  stopped  or 
prevented  by  keeping  up  artificial  respiration  (Stockman) ;  but  this 
is  also  the  case  with  caffeine  and  strychnine  spasms,  the  explana- 
tion being  very  obscure.  In  frogs,  cocaine  depresses  the  brain  and 
spinal  cord,  there  is  diminished  sensitiveness  to  external  stimuli,  and  this 
is  succeeded  by  a  stage  of  greatly  increased  spinal  reflexes  and  tetanic 
spasms. 

Nerves. — The  peripheral  motor  and  sensory  nerves  are  not  appreciably 
affected  by  cocaine  circulating  in  the  blood,  as  the  amount  is  always  too 
small.  They  are  readily  paralysed  by  its  direct  application.  Death  occurs 
in  convulsions  or  from  paralysis  of  the  respiratory  centre. 

Voluntary  muscles  are  probably  stimulated.  Exact  experiments  on 
man  have  shown  that  the  power  of  muscular  work  is  increased  by  cocaine, 
both  under  normal  conditions  and  in  fatigue.  This  has  generally  been 
attributed  to  stimulation  of  the  nervous  system ;  but  it  is  quite  con- 
ceivable that  the  coca  alkaloids,  all  of  which  are  undoubtedly  capable  of 
modifying  the  vital  processes  of  muscle,  even  to  the  production  of  rigor 
mortis,  may  also  modify  its  chemical  activity,  so  that  it  is  capable  of  per- 
forming a  greater  or  equal  amount  of  work  with  a  diminished  consumption 
of  carbohydrates.  It  seems  hardly  probable  that  the  wonderful  power  of 
endurance,  and  the  long  fasts  while  undergoing  excessive  fatigue,  as  seen 
in  Indians  under  the  influence  of  coca,  can  depend  solely  on  stimulation 
of  the  nervous  system.  There  must  be  an  economising  of  the  bodily  ex- 
penditure, an  idea  which  is  supported  by  the  total  absence  of  emaciation  or 
other  injurious  consequences.  But  exact  experimental  data  on  this  point 
are  lacking. 

Respiration  is  at  first  accelerated,  but  after  large  doses  becomes  slow  and 
very  irregular. 

Circulation  is  a  good  deal  affected  by  cocaine.  The  vasomotor  centre 
is  stimulated,  giving  rise  to  contraction  of  the  arterioles,  and  the  heart's 
action  is  quickened,  these  two  factors  inducing  a  considerable  rise  of 
blood  pressure.  The  vagus  seems  to  be  partially  paralysed,  and  this  would 
account  for  the  acceleration  of  the  heart ;  but  it  has  also  been  attributed 
to  stimulation  of  the  accelerator  nerves,  and  to  a  direct  action  on  the 
cardiac  muscle.  Large  doses  greatly  depress  the  circulation. 

Gastro-intestinal  tract. — The  peristaltic  movements  of  the  stomach  and 
bowel  are  increased  by  cocaine,  apparently  from  a  direct  action  on  the 
muscle. 

Metabolism. — The  nitrogenous  metabolism  and  excretion  of  urea  seem 
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to  be  quite  unaffected  by  cocaine.  It  does  not  prolong  life  in  starved 
animals  (v.  Anrep). 

Temperature. — This  is  always  raised  about  1°  C. ;  and  if  convulsions 
occur,  it  may  go  up  several  degrees.  The  rise  is  apparently  due  to  an 
action  on  the  heat  centres.  It  is  prevented  by  chloral,  but  not  by  antipyrine 
(Grasset). 

Secretions. — The  urine  and  other  secretions  are  not  much  affected  ;  but 
after  large  doses  there  may  be  suppression,  and  albuminuria  and  glycosuria 
have  been  observed.  When  cocaine  is  given  internally,  the  amount 
circulating  in  the  blood  is  too  small  to  affect  the  secretory  nerves,  but  the 
local  application  of  a  solution  has  a  distinct  if  not  very  powerful  paralysing 
effect. 

Eye. — The  eye  is  acted  on  by  cocaine  both  when  given  internally  and 
applied  locally.  In  the  former  case  the  pupil  is  dilated,  and  there  is  slight 
protrusion  of  the  eyeball.  The  effects  are  much  more  frequently  observed 
after  local  application.  When  a  2  or  4  per  cent,  solution  is  applied,  there 
follows  an  obscure  feeling  of  dryness,  with  contraction  of  the  conjunctival 
vessels,  and  a  peculiar  rigid  expression,  due  to  widening  of  the  palpebral 
fissure.  Anesthesia  begins  at  once,  is  complete  in  about  five  to  ten 
minutes,  lasts  for  another  seven  or  ten,  and  then  gradually  passes  off.  The 
conjunctiva  is  first  anaesthetised,  then  the  cornea,  and  later  the  iris,  which 
the  solution  reaches  by  passing  through  the  anterior  chamber.  In  about 
fifteen  minutes  the  pupil  begins  to  dilate,  reaches  its  maximum  in  about 
an  hour,  and  then  gradually  recovers  in  a  few  hours  more.  The  dilatation 
is  never  maximal,  as  with  atropine,  and  the  pupil  continues  to  react  to 
light  and  to  accommodation.  Atropine  dilates  it  still  farther,  and  it  can 
be  contracted  by  pilocarpine.  Probably  the  oculo-motor  nerve  terminations 
are  partially  paralysed,  but  it  seems  to  act  chiefly  by  stimulating  the 
dilator  pupillae  (sympathetic)  nerve  fibres. 

Elimination. — Cocaine  is  eliminated  in  the  urine,  and  probably  also 
into  the  intestine.  Most  likely  it  becomes  largely  split  up  into  its  much 
less  active  decomposition  products,  and  this  would  account  for  the  capacity 
of  some  persons  to  take  very  large  doses. 

Therapeutics. — The  most  frequent  use  of  cocaine  is  as  a  local  anaes- 
thetic. The  hydrochloride  (official  both  in  the  British  and  United  States 
Pharmacopeias),  which  is  very  soluble  in  water,  is  the  salt  invariably 
used ;  and  the  effort  should  be  made  to  obtain  the  necessary  degree  of 
local  anaesthesia  with  the  weakest  convenient  solution,  so  as  to  avoid 
the  risk  of  accidental  poisoning  after  absorption.  It  is  most  often 
employed  on  mucous  membranes  to  deaden  the  pain  of  operations,  but 
is  also  used  by  subcutaneous  injection  (see  Local  Anaesthesia,  p.  86). 

The  conjunctiva  being  a  thin  and  delicate  membrane,  with  considerable 
power  of  rapid  absorption,  is  readily  affected  by  comparatively  weak 
solutions.  A  few  drops  of  |  or  1  per  cent,  solution  are  sufficient  to 
deaden  the  pain  of  superficial  operations,  such  as  extraction  of  foreign 
bodies,  or  to  lessen  irritation  from  any  cause,  and  the  application  can  be 
safely  repeated  from  time  to  time  if  necessary.  For  the  more  serious 
operations  a  2  or  4  per  cent,  solution  is  employed.  Anaesthesia  begins 
almost  at  once,  and  is  complete  in  about  ten  minutes ;  it  lasts  perhaps 
other  ten,  and  then  gradually  passes  off  in  about  half  an  hour.  The  exact 
times  vary  a  good  deal,  however,  in  different  cases.  By  repeating  the 
application  of  the  solution  at  intervals  of  five  mimites,  anaesthesia  may  be 
maintained  for  an  indefinite  time,  and  the  deeper  parts  of  the  eye  may 
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be  fully  affected.  It  causes  contraction  of  the  blood  vessels  and  a  slight 
feeling  of  cold ;  and  there  is  also  produced  some  dryness  of  the  surface, 
said  to  be  due  to  paralysis  of  the  secretory  nerves.  Some  degree  of 
paralysis  of  accommodation,  photophobia,  or  amaurosis,  may  result,  but 
they  soon  pass  off.  With  prolonged  application  there  is  a  diminution  of 
the  intra-ocular  tension.  When  there  is  a  good  deal  of  inflammation 
and  swelling  of  the  tissues,  absorption  may  be  unsatisfactory,  so  that 
little  analgesic  effect  is  produced.  It  is  said  to  be  contra-indicated  in 
glaucoma,  and  that  its  frequent  use  in  iritis  may  bring  on  glaucoma. 
Sometimes  cocaine  causes  dimming  of  the  external  surface  of  the  cornea, 
from  an  action  on  the  cells  said  to  be  of  the  nature  of  necrosis ;  sometimes, 
also,  it  seems  to  contain  irritating  impurities,  the  effect  of  which  is  increased 
by  the  drying  up  of  the  secretions. 

For  minor  operations  on  mucous  membranes,  or  to  allay  pain,  or 
for  exploring  the  nares,  pharynx,  and  larynx,  painting  with  a  5  per  cent, 
solution  induces  a  sufficient  degree  of  anaesthesia ;  but  for  cutting  or  cauter- 
ising operations  a  10  per  cent,  solution,  pretty  thoroughly  applied,  is 
necessary.  Some  operators  use  even  a  20  per  cent,  solution,  but  this  is 
needlessly  strong,  and  is  dangerous.  In  pruritus  vulvas  and  anal  fissure 
the  ointment  or  a  suppository  may  be  used  to  lessen  the  irritation  or 
pain.  On  painful  or  irritated  broken  skin  surfaces,  ulcers,  etc.,  cocaine 
may  be  added  to  soothing  ointments  (5  or  10  grs.  to  the  oz.),  but  care 
must  be  taken  not  to  apply  it  over  too  large  surfaces.  In  operations  on 
the  mouth,  vagina,  or  urethra,  a  10  per  cent,  solution  may  be  applied,  or  a 
solution  may  be  injected  with  a  hypodermic  syringe.  In  pharyngitis, 
lozenges  containing  cocaine  often  greatly  lessen  the  local  discomfort. 

The  skin  may  be  anaesthetised  in  various  ways.  For  small  operations, 
such  as  the  excision  of  little  tumours,  opening  abscesses,  tracheotomy, 
and  so  on,  where  only  a  small  area  is  involved,  |  to  1  gr.  dissolved  in  10 
to  20  minims  of  water  may  be  injected  over  the  part.  In  about  two  to 
five  minutes  anaesthesia  is  complete,  and  lasts  for  perhaps  fifteen  minutes. 
Such  an  application  anaesthetises  a  zone  of  1  to  2  in.  of  skin.  Eemoval 
of  haemorrhoids,  circumcision,  amputation  of  a  finger,  removal  of  finger- 
or  toe-nails,  may  be  carried  out  in  this  way.  Wherever  possible,  it  is 
advisable  to  empty  the  part  of  blood,  and  apply  a  ligature  of  some  kind 
to  prevent  absorption. 

In  abscesses,  in  periostitis  of  the  gum,  in  fistula,  and  wherever  the 
tissues  are  broken  down  or  much  infiltrated,  injection  of  cocaine  often 
fails  to  allay  pain,  as  the  solution  diffuses  itself  without  coming  into  con- 
tact with  the  sensory  nerves.  Its  use  is  therefore  not  to  be  advised  in 
such  cases.  It  is  of  little  value  in  tooth  extraction,  and  its  effect  is  too 
transient  to  give  more  than  a  short  period  of  relief  in  neuralgia. 

Reclus  and  others  have  performed  major  operations  under  cocaine  by 
using  a  1  per  cent,  solution,  and  injecting  it  as  the  operation  proceeds, 
using  in  all  perhaps  200  or  300  minims.  Such  a  method  is  inferior  to 
general  anaesthesia,  but  has  perhaps  a  certain  value  in  operating  on  very 
corpulent  persons,  or  individuals  with  fatty  heart,  or  other  cases  where 
there  may  be  objections  to  the  administration  of  chloroform  or  ether. 
Absorption  is  prevented  by  rendering  the  parts  bloodless,  if  possible,  and 
by  applying  compression. 

The  method  elaborated  by  Schleich  for  anaesthetising  large  areas  has 
been  employed  more  in  Germany  than  elsewhere.  It  owes  its  origin  to  an 
observation  of  Liebreich's,  that  if  a  drop  or  two  of  distilled  water  be  in- 
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jected  under  the  epidermis  and  into  the  derma,  there  is  hyperaesthesia, 
followed  by  anaesthesia,  of  the  part.  Experimenting  with  solutions  of 
common  salt,  phenol,  morphine  hydrochloride,  and  cocaine  hydrochloride, 
Schleich  found  that  with  all  of  them  certain  dilute  solutions  caused 
complete  anaesthesia  without  preceding  pain,  and  proposed  the  three  fol- 
lowing mixtures  as  most  effective  for  surgical  purposes : — 


Strong. 

Medium. 

Weak. 

Cocaine  hydrochlor.        .      0  ^ 

0-2 

o-i 

o-oi 

Morphine  hydrochlor.     . 

0-02 

0-02 

0-005 

Sodium  chloride     .         .     v  .  , 

0-20 

0'2 

0-2 

Water    .         .         .'':'     . 

100-0 

100-0 

100-0 

The  total  amount  of  cocaine  or  morphine  is  so  small  that  their 
specific  general  effects  are  not  seen.  For  one  operation  about  1  oz.  of 
the  strong  solution,  2  of  the  medium,  and  20  of  the  weak,  may  be  used. 
The  solution  of  medium  strength  is  most  often  used.  To  anaesthetise 
any  part,  Schleich  says  the  first  puncture  must  be  painless,  hence  he 
freezes  the  skin  with  ethyl  chloride,  or  paints  a  mucous  membrane  with 
cocaine  solution.  The  hypodermic  needle  is  put  in  just  over  its  point,  and 
a  few  drops  injected  so  as  to  raise  a  small  circular  elevation  of  the  epi- 
dermis. The  syringe  is  withdrawn,  and  reinserted  at  the  edge  of  this,  and 
the  proceeding  repeated  until  a  series  of  such  little  discs  are  formed  along 
the  line  of  skin  to  be  cut  into.  The  deeper  parts  can  be  anaesthetised  in 
the  same  way  if  necessary,  right  down  to  the  periosteum.  Nerve  trunks 
require  to  be  painted  with  a  5  per  cent,  solution  of  phenol,  or  of  cocaine. 
The  analgesia  lasts  for  about  a  quarter  of  an  hour.  The  removal  of  needles 
or  other  foreign  bodies  from  the  tissues  may  be  conveniently  effected  with 
this  method,  and  it  has  been  used  for  all  kinds  of  operations.  It  con- 
sumes a  good  deal  of  time,  and  is  apt  to  cause  local  rederna  (see  p.  88). 

The  internal  uses  of  cocaine  are  not  very  important.  It  has  been 
given  in  melancholia  and  neurasthenia  as  a  nerve  stimulant,  and  also 
with  the  view  of  curing  the  alcohol,  chloral,  or  opium  habits,  but  too 
often  with  the  sole  effect  of  inducing  an  addiction  to  cocaine  (see  p.  257). 
In  gastralgia,  gastric  ulcer,  and  cancer  of  the  stomach  it  may  some- 
times give  considerable  relief  to  pain,  but  this  is  almost  always  very 
transient,  and  hence  it  is  merely  employed  as  an  adjuvant  to  opiates  or 
other  measures.  In  sea-sickness  it  sometimes  relieves  vomiting. 

OTHER  ALKALOIDS  OF  COCA. 

ISATKOPYL-CocAiNE. — This  alkaloid,  which  is  not  official,  is  not  nearly 
such  a  powerful  local  anaesthetic  as  cocaine.  A  solution  of  the  hydro- 
chloride  is  always  slightly  irritating,  and  on  keeping  is  apt  to  decompose, 
when  it  becomes  very  irritating.  A  10  per  cent,  solution  does  not 
entirely  abolish  sensation  in  the  cornea,  and  only  causes  trifling  numbness 
in  the  mucous  membrane  of  the  mouth.  Its  local  application  does  not 
dilate  the  pupil. 

Small  doses  in  frogs,  rabbits,  and  cats  excite  a  marked  stimulation  of 
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the  brain  and  cord.  There  occur  excitement,  restlessness,  increased  reflex, 
more  rapid  respiration,  and  dilatation  of  the  pupil.  Probably  also  the 
muscles  are  stimulated  so  that  they  contract  more  sharply  and  to  a  less 
vigorous  nervous  impulse.  When  large  doses  are  given,  cerebral  and  spinal 
depression  ensue,  with  great  weakness  of  the  voluntary  and  cardiac  muscles. 
Severe  diarrhoaa  and  vomiting  also  occur.  Death  is  due  to  respiratory 
failure,  with  depression  of  the  heart.  Post-mortem,  the  most  striking 
feature  is  the  excessive  peristalsis  of  the  stomach  and  bowel,  which  accounts 
for  the  vomiting  and  diarrhrea.  The  bladder  is  also  found  empty,  and  its 
wall  firmly  contracted.  Isatropyl-cocaine  in  small  doses  has  probably  a 
powerful  stimulant  effect  on  muscle,  but  in  large  doses  it  is  certainly  an 
active  muscle  poison.  When  it  is  injected  subcutaneously,  the  muscles 
locally  absorb  it,  and  rapidly  pass  into  rigor  mortis,  while  the  neighbour- 
ing muscles  become  very  feeble.  If  a  solution  be  injected  into  the 
femoral  artery,  the  muscles  of  the  leg  are  at  once  paralysed,  or  if  into 
the  jugular  vein,  the  heart  is  rapidly  killed.  When  given  in  moderate  dose 
the  muscles  seem  to  absorb  it,  and  then  slowly  excrete  it  again.  It  acts 
on  the  nervous  system  like  cocaine,  but  is  a  much  more  energetic  muscle 
poison  (Stockman,  Falkson). 

TROPACOCAINE. — This,  which  is  not  official,  was  so  called  to  indicate  its 
close  chemical  relationship  to  atropiue.  It  has  the  same  action  as  cocaine, 
but  is  much  less  powerful  (about  one-half),  and  is  therefore  less  apt  to  cause 
accidental  poisoning.  A  three  per  cent,  solution  acts  well  as  an  anaesthetic 
for  the  eye  (Chadbourne). 

BENZOYL-ECGONINE. — This  alkaloid  (not  official)  has  no  local  anaesthetic 
action.  Its  effects  on  animals  are  exactly  similar  to  those  of  caffeine,  but 
much  larger  doses  are  required  to  produce  them.  The  brain  and  spinal 
cord  are  greatly  stimulated,  even  to  tetanus,  and  the  voluntary  muscles 
are  also  affected.  The  peristaltic  movements  of  the  stomach,  bowel,  and 
bladder  are  much  increased.  Death  occurs  in  tetanic  convulsions,  so  that 
no  depression  is  seen  to  succeed  the  stimulation.  The  heart  and  motor 
nerves  are  not  much  implicated  (Stockman). 

ECGONINE. — This  non-official  alkaloid  has  no  local  anesthetic  action, 
and  only  a  very  feeble  stimulant  effect  on  the  cord.  The  increase  of 
reflexes  seems  to  be  preceded  by  a  scarcely  observable  depression.  In 
cats  slight  psychical  excitement  and  dilatation  of  the  pupil  occur.  It 
also  is  a  feeble  muscle  poison  (Stockman,  Poulsson). 

ETHYL-BENZOYL-ECGONINE,  PROPYL-  ISOBUTYL-  ANISYL-  BENZOYL-EC- 
GONINE, and  several  other  similar  compounds  have  been  prepared  artificially, 
and  have  been  found  to  possess  the  marked  local  anaesthetic  effects  of 
cocaine  (methyl-benzoyl-ecgonine).  They  are  none  of  them  official. 

TOXICOLOGY. 

Acute  poisoning. — Falk  has  tabulated  176  cases  of  acute  poisoning 
with  cocaine,  of  which  10  proved  fatal.  The  chief  symptoms  in  the  latter 
were  delirium,  coma,  failure  of  heart  and  circulation,  general  epileptiforni 
convulsions,  spasms,  dyspnoaa,  extreme  pallor,  or  cyanosis.  Death  occurs  in 
a  few  minutes  to  several  hours  after  administration.  The  fatal  doses  were 
18  and  22  grs.  cocaine  hydrochloride  by  the  mouth,  12  grs.  by  urethra,  and 
3-J-  grs.  subcutaneously ;  while  the  application  in  solution  and  as  powder 
has  also  caused  death.  Three  grs.  by  hypodermic  injection  is  the  limit  of 
safety  ;  death  has  occurred  after  smaller,  although  much  larger  amounts  have 
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sometimes  proved  to  be  harmless.  Lesser  degrees  of  acute  poisoning  have 
been  very  often  reported,  the  heart,  respiration,  and  nervous  system  being 
most  often  involved.  Some  persons  seem  naturally  much  more  susceptible 
to  the  action  of  cocaine  than  others,  but  the  existence  of  cardiac  and 
renal  disease,  alcoholism,  epilepsy,  and  cachectic  conditions  predispose  to 
the  occurrence  of  alarming  symptoms.  When  the  circulation  is  involved, 
there  may  occur  severe  fainting,  or  simply  a  feeling  of  faintness,  oppres- 
sion, rapid  or  irregular  pulse,  with  cyanosis  or  pallor.  The  respiration 
may  be  hurried  and  irregular,  or  slow  and  stertorous.  From  implication 
of  the  nervous  system  we  may  see  excitement,  tremors,  sleeplessness, 
parresthesia  of  the  whole  skin  or  of  certain  parts  only,  abnormal  sensa- 
tions, such  as  numbness  and  tingling,  increased  reflex,  and  inco-ordination 
of  movements.  Mydriasis  may  be  very  pronounced.  The  sensation  of 
taste  may  be  perverted  or  decreased;  there  may  be  noises  in  the  ears, 
photophobia,  or  amaurosis.  Speech  is  often  affected ;  articulation  may  be 
thick,  difficult,  or  even  impossible,  and  there  may  be  lalling  or  stammering. 
Some  difficulty  in  swallowing  is  frequently  seen,  but  is  usually  a  trifling 
matter.  Skin  eruptions  are  rare  ;  dryness  of  the  mouth  and  vomiting  are 
much  more  common.  These  and  other  symptoms  coexist  in  all  varieties 
of  combination  and  of  severity  in  different  cases.  The  heart  and  re- 
spiratory troubles  pass  off  very  soon,  but  the  nervous  affections  may 
persist  for  weeks  and  months;  and  possibly  in  some  cases  are  never  wholly 
recovered  from.  Tremors  in  muscles,  difficulty  in  writing,  in  walking,  or 
in  speaking,  numbness  or  prickling,  often  persist  for  months,  and  have  a 
most  depressing  effect  on  the  patient.  Severe  headaches,  a  tendency  to 
excitement  and  sleeplessness,  vertigo,  and  deep  depression,  have  occasion- 
ally been  very  persistent.  This  points  to  actual  injury  of  the  nerve 
substance. 

Treatment. — The  treatment  of  acute  cocaine  poisoning  must  be  con- 
ducted on  general  principles.  Cardiac  and  respiratory  stimulants  are 
requisite  in  most  cases,  and  the  other  symptoms  must  be  treated  as 
seems  best  under  the  circumstances.  Convulsions  may  be  treated  by 
means  of  chloral  hydrate  or  chloroform.  Depression,  tremors,  stam- 
mering, and  other  nervous  troubles  which  sometimes  persist  after 
cocaine  poisoning,  can  only  be  treated  by  keeping  up  the  general  health, 
or  by  rest,  electricity,  or  other  similar  measures.  Recovery  is  often 
very  tedious,  and  is  probably  coincident  with  changes  taking  place  in 
the  injured  cells.  I  have  known  both  sensory  and  motor  disturbances 
to  persist  for  over  a  year. 

The  cocaine  habit. — Although  the  habit  of  chewing  coca  among  the 
South  American  Indians  seems  to  lead  comparatively  seldom  to  excess  in 
its  use,  it  is  quite  otherwise  with  the  hypodermic  injection  of  cocaine 
hydrochloride  in  the  higher  races.  It  is  very  often  begun  by  morphinists 
and  alcoholics,  and,  instead  of  replacing  the  other  vice,  is  usually  superadded 
to  it.  Sometimes  the  habit  is  acquired  from  others.  A  very  rapid  toler- 
ance is  induced,  and  30,  or  even  60,  grs.  may  be  consumed  daily,  those  who 
once  begin  being  seemingly  unable  to  observe  any  degree  of  moderation. 
I  have  met  with  two  cases  where  it  was  taken  by  the  mouth  along  with 
large  doses  of  sodium  bicarbonate,  which  was  said  to  increase  its  effect. 
It  very  soon  gives  rise  to  marked  bodily  cachexia  and  to  pronounced 
nervous  symptoms.  The  cocainist  becomes  emaciated,  the  skin  shrunken 
and  pallid,  the  eyes  sunken,  appetite  and  digestion  fail,  and  there  may  be 
constipation  or  diarrhoea.  Sleeplessness  is  an  early  and  marked  feature. 
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Distressing  palpitation,  dyspnoea,  weak  action  of  the  heart,  a  rapid  pulse, 
and  cold  sweats  are  often  seen.  Sensory  disturbances  are  very  common, 
such  as  amesthesia  of  the  skin  and  mucous  membranes,  and  in  severe  cases 
this  may  occasion  incontinence  of  urine  and  faeces.  Abnormal  sensations 
of  formication,  itching,  and  more  severe  irritation,  may  give  rise  to  illusions 
that  small  animals  are  present  under  the  skin,  or  that  the  individual  is 
being  acted  on  by  electricity,  etc.  Hallucinations  of  sight,  hearing,  taste, 
and  smell  occur.  The  memory  and  power  of  attention  become  defective, 
the  feeling  of  moral  responsibility  is  lost,  will-power  and  energy  diminish. 
Motor  disturbances,  such  as  tremors,  twitchings,  and  sometimes  epileptiform 
convulsions,  are  not  unusual,  sometimes  diplopia,  and  often  severe  disturb- 
ance of  speech  occur.  The  confirmed  cocainist  may  become  practically  in- 
sane ;  he  often  has  delusions  of  persecution,  and  may  do  violence  to  himself 
or  to  others.  A  great  variety  of  interesting  nervous  symptoms  have  been 
reported  as  the  result  of  chronic  cocaine  poisoning,  but  they  are  all  refer- 
able to  severe  disturbance  of  the  psychical,  motor,  or  sensory  centres,  with 
probable  implication  of  the  peripheral  nervous  apparatus,  and  are  too 
numerous  to  mention  in  detail.  The  treatment  of  such  cases  must  be 
carried  out  in  an  institution  where  the  patient  is  under  continual  super- 
vision and  control,  and  where  the  cocaine  may  be  withheld  suddenly  or 
gradually,  as  may  seem  most  advisable.  Sometimes  the  sudden  and  com- 
plete withdrawal  gives  rise  to  little  disturbance,  but  sometimes  there  is 
serious  and  long-continued  bodily  and  mental  suffering.  Delusions, 
hallucinations,  delirium,  cardiac  failure,  collapse,  and  an  intense  craving 
for  cocaine  and  alcohol,  may  ensue.  These  must  be  treated  on  general 
principles,  and  much  in  the  same  way  as  the  more  familiar  delirium 
tremens.  As  the  great  majority  of  such  patients  are  confirmed  neurotics, 
and  have  already  seriously  injured  their  nervous  systems  by  over-in- 
dulgence in  stimulant  narcotics,  a  permanent  cure  is  seldom  attained,  and 
most  of  them  relapse  sooner  or  later.  Hence  great  care  should  be  exercised 
in  allowing  or  prescribing  the  free  use  of  cocaine  as  sprays,  lozenges,  or 
applications  to  the  nose  and  throat,  or  in  any  other  way.  Its  hypodermic 
use  should  be  kept  very  strictly  in  the  hands  of  the  medical  attendant. 

Coca  wines  and  other  similar  preparations  of  leaves  or  alkaloid  should 
never  be  prescribed,  as  they  can  be  so  easily  obtained  afterwards  without 
a  medical  prescription. 

Coca  chewing. — The  action  of  the  leaves  as  a  stimulant-narcotic 
depends  on  the  cocaine,  isatropyl-cocaine,  and  other  alkaloids.  They  have 
been  used  by  the  Peruvian  and  Bolivian  Indians  from  the  most  ancient 
times,  and  were  chewed  and  burnt  by  the  priests  during  religious  ceremonies 
in  the  days  of  the  Incas.  Every  Indian  carries  a  supply  of  the  leaves  in  a 
small  pouch  (chuspa),  along  with  little  cakes  of  potash  or  lime  (llipta). 
Three  or  four  times  daily  he  chews  about  J  oz.  mixed  with  the  alkali,  and 
swallows  his  saliva,  the  stimulant  effects  being  most  observable  when  the  coca 
is  taken  in  repeated  small  doses.  Its  stimulant  action  is  most  appreciated 
when  there  is  bodily  or  mental  exhaustion,  and  with  doses  which  only 
produce  subjective  feelings,  and  not  any  objective  symptoms,  such  as  rest- 
lessness and  mental  excitement.  Travellers  have  dwelt  chiefly  on  its 
stimulant  action, — the  feeling  of  buoyancy,  lightness,  increased  power  of 
work,  and  sleeplessness  induced  by  it ;  but  if  the  surroundings  be  favour- 
able, and  especially  if  small  doses  are  taken,  the  initial  effects  are  soothing 
and  tranquillising.  This  has  been  observed  by  Europeans  on  themselves,  and 
is  well  seen  in  its  effects  on  the  Indian,  who,  when  he  wishes  to  enjoy  the 
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leaf  thoroughly,  knocks  off  work,  lies  stretched  at  his  ease,  and  masticates 
in  complete  silence  and  abstraction.  When  undergoing  very  severe  toil  he 
chews  almost  continuously,  and  in  such  circumstances  experiences  the 
feelings  of  stimulation  and  anaesthesia,  the  surroundings  being  unfavour- 
able to  mental  tranquillity.  The  narcosis  consists  in  slight  dulling  of  the 
brain  and  spinal  cord,  whereby  a  gentle  dreaminess  and  abstraction  from 
the  outer  world  are  induced,  this  being  followed  by  a  much  longer  period 
of  nervous  and  muscular  stimulation.  There  are  no  unpleasant  after-effects, 
unless  very  large  doses  be  taken,  when  headache  and  heaviness  are  felt 
next  day.  Over-indulgence  in  coca  is  rare,  but  brings  on  in  those  addicted 
to  it  (coqueros)  emaciation,  tremors,  unsteady  gait,  and  a  loss  of  mental 
rigour  and  activity.  Opinion  is  unanimous  that  its  moderate  use  is  on 
the  whole  beneficial  to  the  Indians.  They  for  the  most  part  lead  laborious 
id  monotonous  lives  in  a  trying  climate,  and  with  poor  food  and  clothing, 
leir  diet  consists  chiefly  of  roasted  maize,  which  tends  to  cause  severe 
Dnstipation.  This  and  the  other  miseries  of  their  lot  are  mitigated  by 
the  habitual  use  of  coca.  They  can  support  almost  incredible  exertions 
ider  its  effect.  Accurate  observers  (Christison,  v.  Tschudi,  and  others) 
igree  that  it  lessens  the  feeling  of  exhaustion  consequent  on  fatigue  and 
abstinence  from  food,  without  inducing  any  subsequent  depression  or 
ther  bad  effects.  It  also  greatly  mitigates  the  breathlessness  and  more 
jrious  results  (mountain  sickness)  which  are  experienced  in  ascending 
high  altitudes,  such  as  crossing  over  the  passes  of  the  Andes,  von  Bibra 
says,  "  It  satisfies  the  hungry,  lends  new  strength  to  the  weary  and 
fatigued,  and  makes  the  unhappy  forget  his  grief." 
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BELLADONNA,  HYOSCYAMUS,  STEAMONIUM,  AND  THE 
ALKALOIDS  DEEIVED  FEOM  THEM. 

BELLADONNA  FOLIA. 
(B.P.  AND  U.S. P.) 

THE  fresh  leaves  and  branches  of  Atropa  belladonna,  collected  when  the 
plant  is  in  flower. 

Constituents. — The  active  principles  are  the  alkaloids,  hyoscy- 
arnine  (q.v.)  and  atropine  (q.v.).  In  the  dry  leaves  the  total  alkaloids 
amount  to  from  0'3  to  07  per  cent.,  of  which  hyoscyamine  forms  the  larger 
proportion.  Other  alkaloids  of  minor  importance  are  present  in  small 
amount,  such  as  belladonnine.  There  is  also  a  fluorescent  principle, 
/3-methyl-tesculetin  (chrysatropic  acid). 
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BELLADONNA  EADIX. 

(B.P.    AND    U.S.P.) 

The  root  of  A.  belladonna,  collected  in  the  autumn  and  dried. 

Constituents.  —  Similar  to  those  of  the  leaves.  The  total  amount  of 
alkaloid  in  the  root  varies  from  0'4  to  0'6  per  cent.,  or  occasionally  more. 
As  in  the  case  of  the  leaves,  hyoscyamine  constitutes  the  larger  proportion. 
There  is  a  doubt  whether  atropine  is  present  at  all  in  a  preformed  condition. 
There  are  traces  of  scopolamine.  Other  alkaloids,  belladonnine,  apoatropine, 
probably  do  not  pre-exist  in  the  root.  The  principle  /3-methyl-iesculetin 
is  present  in  the  root. 

HYOSCYAMI  FOLIA  —  HYOSCYAMUS. 

(B.P.)  (U.S.P.) 

The  fresh  leaves  and  the  flowers  with  branches,  also  the  leaves  and 
flowering  tops,  separated  from  the  branches  and  dried,  of  Hyoscyamus  niger, 
the  henbane. 

Constituents.  —  The  alkaloid  hyoscyamine  (q.v.)  is  the  most  import- 
ant constituent.  Atropine  and  scopolamine  are  present  in  small  pro- 
portion. The  amount  of  total  alkaloid  present  in  the  dry  drug  amounts 
only  to  from  0'045  to  0'09  per  cent.  Hyoscyamus  is  accordingly  much 
feebler  in  its  action  than  belladonna  or  stramonium.  Hyoscyamus  seeds 
have  much  the  same  constitution  as  the  leaves. 

STKAMONII  FOLIA. 
(B.P.  AND  U.S.P.) 

The  dried  leaves  of  Datura  stramonium,  the  thorn  apple. 
Constituents.  —  As  of  the  seeds. 

STRAMONII  SEMINA. 

(B.P.    AND   U.S.P.) 

The  dried  ripe  seeds  of  D.  stramonium. 

Constituents.  —  Hyoscyamine  and  atropine  are  present  in  rather  smaller 
proportion  than  in  belladonna.  The  bulk  of  the  alkaloid  consists  of 
hyoscyamine.  The  total  proportion  of  alkaloid  in  the  leaves  is  about  0'3 
per  cent.,  and  in  the  seeds  about  04  per  cent.  In  the  seeds  there  is  a 
trace  of  scopolamine,  and  about  25  per  cent,  of  fixed  oil.  Daturine,  the 
alkaloid  originally  described  as  present,  is  identical  with  atropine. 

ATKOPINA. 

(B.P.  A:ND  U.S.P.) 

Atropine  is  an  alkaloid,  C17H23N"03,  obtained  from  belladonna  leaves 
or  root. 


SULPHAS. 
(B.P.  AND  U.S.P.) 

Sulphate  of  atropine  is  obtained  by  neutralising  atropine  with  sulphuric 
acid. 
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HYOSCYAMDSLE  SULPHAS. 
(B.P.  AND  U.S. P.) 

The  sulphate  of  an  alkaloid,  C17H23N03,  contained  in  hyoscyamus  leaves. 
HYOSCYAMIN.E  HYDROBKOMAS. 

(U.S.P.) 
The  hydrobromide  of  an  alkaloid  contained  in  hyoscyamus  leaves. 

HYOSCIN^E  HYDROBROMIDUM — HYOSCIN^  HYDROBKOMAS. 

(B.P.)  (U.S.P.) 

Hyoscine  or  scopolamine  hydrobromide  is  the  hydrobromide  of  an 
alkaloid,  C17H21N04,  contained  in  hyoscyanius  leaves,  different  species  of 
scopola,  and  possibly  other  solanaceous  plants. 

HOMATROPIN/E   HYDROBROMIDUM. 
(B.P.) 

Hydrobromide  of  homatropine,  which  is  an  alkaloid,  C^H^NOg, 
prepared  from  tropine. 

Chemical  relations  of  the  alkaloids. — Atropine  and  hyoscyamine  are 
isorneric,  but  they  have  different  melting  points,  and,  while  atropine  is 
optically  inactive,  hyoscyamine  is  Itevogyrate. 

Atropine  is  a  conversion  product  of  hyoscyamine.  Atropine  consists 
of  the  combination  of  a  base  tropine  with  tropic  acid.  Tropine  itself  has 
no  mydriatic  action,  but  when  an  atom  of  hydrogen  in  it  is  displaced  by  an 
acid  residue,  it  acquires  this  action.  Various  combinations  of  tropine  with 
acids  have  been  artificially  prepared,  such  as  benzoyl- tropine  and  homa- 
tropine,  which  is  tropine  combined  with  mandelic  otherwise  oxyalpha- 
toluylic  acid  (see  pp.  34  and  35). 

ATROPINE  AND  BELLADONNA. 

Pharmacology. — Cerebrum. — In  man,  with  ordinary  medicinal  doses, 
no  cerebral  effects  are  as  a  rule  observed,  and  the  intellect  remains  clear. 
Headache  across  the  forehead  and  top  of  the  head  or  over  the  eyes  may 
sometimes  be  present.  With  full  doses  there  may  be  a  rapid  succession  or 
slight  confusion  of  ideas,  together  with  headache,  giddiness,  and  restlessness. 
With  still  larger  doses  a  form  of  intoxication  generally  supervenes,  of  which 
the  principal  feature  is  a  kind  of  waking  delirium,  in  which  the  subject 
has  spectral  illusions,  seeing  objects  and  visions  which  exist  only  in  his 
imagination.  The  illusions  are  generally  pleasing.  The  patient  is  some- 
times hilarious,  and  is  usually  talkative,  talking  mostly  about  the  strange 
objects  which  he  thinks  he  sees.  His  talk,  however,  is  apt  to  be  inco- 
herent, and  his  speech  indistinct.  His  eyes  may  be  open,  the  pupils  being 
widely  dilated,  but  he  stares  vacantly,  and  apparently  has  no  cognisance 
of  his  actual  surroundings.  He  is  often  restless,  keeps  moving  about  un- 
steadily, and  knocks  against  objects  which  happen  to  be  in  his  way.  He  is 
unable  to  appreciate  distance ;  he  may  see  double,  or  objects  may  appear 
to  oscillate,  or  to  move  up  and  down  or  backwards  and  forwards.  His 
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fingers  are  often  in  constant  movement,  and  he  catches  at  imaginary 
things.  In  some  cases  the  delirium  is  wild,  and  the  patient  becomes 
violent  and  requires  to  be  restrained.  Drowsiness  is  not  an  early  symptom, 
but  not  uncommonly  the  delirium  ends  in  sleep.  When  the  dose  is  very 
large,  there  is  not  only  wild  delirium,  but  convulsions  not  infrequently 
come  on  at  an  early  stage,  and  continue  until  coma  and  paralysis  super- 
vene, and  death  ends  the  scene. 

In  the  lower  animals  a  condition  of  delirium  similar  to  that  produced 
in  man  is  observed.  In  monkeys,  small  doses  increase  the  excitability  of 
the  brain,  while  large  doses  abolish  it.  Atropine  greatly  increases  the 
tendency  to  epileptic  fits  in  dogs.  When  dogs  are  under  its  influence, 
very  much  slighter  stimuli  than  usual  will  produce  convulsions. 

Medulla. — Atropine  first  stimulates  and  then  depresses  the  respir- 
atory centre  in  the  medulla.  The  respirations  first  become  deeper 
and  more  rapid,  and  afterwards  more  shallow  and  less  frequent.  This 
effect  may  be  observed  even  after  the  vagi  have  been  divided,  show- 
ing that  it  depends  upon  a  direct  action  on  the  respiratory  centre ; 
for  if  it  were  due  to  an  action  on  the  peripheral  ends  of  the  vagi,  it 
should  be  annulled  by  section  of  these  nerves.  Moreover,  if  the  drug  is 
first  applied  to  the  medulla  by  injecting  it  into  the  carotid  artery,  it  is 
observed  that  the  acceleration  of  the  respiration  occurs  at  once,  and  after- 
wards becomes  less  when  the  drug  has  had  time  to  pass  round  again  to  the 
lungs  (v.  Bezold). 

The  cardiac  inhibitory  centres  are  stimulated,  but  this  action  is,  how- 
ever, generally  quite  overshadowed  by  the  effect  of  the  drug  on  the  vagus 
endings  in  the  heart.  It  may  be  observed,  however,  if  the  drug  is  injected 
into  the  carotid  so  as  to  reach  the  medulla  before  the  nerve-endings,  that 
there  is  an  immediate  slowing  of  the  heart's  action.  When  atropine 
reaches  the  vagus,  it  paralyses  it  so  that  the  stimulation  of  the  centres 
ceases  to  take  effect.  The  vasomotor  centres  are  stimulated,  as  is  shown  by 
the  immediate  rise  of  blood  pressure  which  occurs  when  atropine  is  injected 
into  the  carotid  artery.  After  section  of  the  vagi,  moreover,  atropine  raises 
the  blood  pressure,  and  this  rise  is  not  the  result  of  either  increased  frequency 
or  increased  force  of  the  heart's  beat ;  while,  if  the  cord  is  divided,  and  the 
vessels  are  thus  separated  from  the  vasomotor  centres,  no  rise  in  blood- 
pressure  is  produced. 

Spinal  cord.  —  Atropine,  like  strychnine,  at  first  causes  increased 
excitability,  prolonged  latency,  and  tetanic  contraction.  It  causes,  how- 
ever, more  rapid  diminution  in  the  irritability  of  the  grey  substance  of  the 
spinal  cord,  and  diminishes  the  conducting  power  of  the  peripheral  nerves. 
Irritation  of  the  sciatic  nerve  in  a  frog  poisoned  by  atropine  causes  two 
contractions,  one  direct  and  one  reflex,  separated  by  a  distinct  interval ; 
whereas,  in  the  case  of  poisoning  by  strychnine,  the  two  contractions  begin 
almost  at  the  same  moment. 

The  action  of  atropine  on  the  nervous  system  of  the  frog  is  physiologic- 
ally of  great  interest.  Under  its  influence  both  voluntary  and  respiratory 
movements  become  gradually  weaker,  and  are  finally  entirely  abolished. 
The  afferent  and  efferent  nerves  pass  from  a  condition  of  great  enfeeble- 
ment  to  one  of  complete  paralysis.  Finally,  the  only  remaining  sign  of 
life  is  an  occasional  and  scarcely  perceptible  beat  of  the  heart  and  retained 
irritability  in  the  skeletal  muscles.  If  the  frog  is  allowed  to  remain  in  this 
apparently  dead  state  for  four  or  five  days,  a  new  order  of  things  sets  in. 
A  condition  of  paralysis  is  replaced  by  one  of  spinal  excitement.  The 
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fore-legs  pass  from  a  state  of  complete  tiaccidity  to  one  of  rigid  contraction, 
and  the  hind-limbs  become  extended.  The  movements  of  respiration  recom- 
mence. The  heart  beats  more  vigorously.  A  slight  stimulus  suffices  to 
throw  the  animal  into  a  condition  of  violent  tetanus,  usually  opisthotonos, 
and  afterwards  clonic  convulsions  occur,  which  later  become  emprostho- 
tonic.  That  these  symptoms  result  from  the  action  of  the  poison  on  the 
cord  itself,  is  shown  by  the  fact  that  they  persist  independently  in  the 
parts  connected  with  each  segment  of  the  cord  after  it  has  been  divided. 

Motor  nerves  of  voluntary  muscle. — The  motor  nerves  of  voluntary 
muscle  are  paralysed  by  large  doses  of  atropine,  but  are  scarcely  at  all 
affected  by  small  doses.  It  was  shown  many  years  ago  by  Botkin,  that  if 
the  vessels  of  one  of  the  legs  of  a  frog  were  ligatured  and  the  animal  was 
then  poisoned  with  atropine,  while  paralysis  developed  in  other  parts  of 
the  body,  the  limb  to  which  the  poison  did  not  get  access  remained  un- 
paralysed.  An  animal  may  be  killed  by  atropine  and  still  the  motor 
nerves  may  retain  a  considerable  degree  of  functional  activity.  This 
action,  accordingly,  although  interesting,  is  of  little  practical  importance. 
According  to  v.  Bezold  and  Bloebaum,  both  the  nerve-endings  and  the 
nerve  trunk  are  affected. 

Motor  nerves  of  involuntary  muscle. — Atropine  has  a  specific  action 
on  the  motor  nerves  of  involuntary  muscles.  These  nerves  end,  not  in 
plates,  but  in  a  plexus  round  the  muscle  fibres.  Small  doses  of  atropine 
which  scarcely  affect  the  nerves  of  voluntary  muscles,  paralyse  the  motor 
nerves  of  involuntary  muscles,  in  contrast  with  curare,  which,  while  para- 
lysing the  motor  nerves  of  voluntary  muscles,  scarcely  affects  those  of 
involuntary  muscles.  This  action  is  probably  due  to  a  specific  paralysing 
effect  on  the  nerves  themselves,  or  to  a  disturbance  of  the  relations  between 
the  nerves  and  the  muscle  fibres  which  they  excite.  It  was  shown  by 
Mommsen,  that  on  dipping  nerves  in  a  solution  of  atropine  their  irrit- 
ability was  diminished,  the  intramuscular  endings  being  first  affected,  and 
later  the  trunks. 

It  is  interesting  to  note  that  atropine  produces  paralysis  of  the  motor 
fibres  of  the  vagus  only  in  those  parts  where  involuntary  muscle  is  present. 
The  oesophagus  of  the  frog  and  the  crop  of  birds,  which  consist  of  unstriped 
muscular  fibre,  are  paralysed.  In  the  case  of  the  dog  and  rabbit  the 
muscular  tissue  of  the  resophagus  is  of  the  striated  variety,  and  is  not 
affected.  In  the  cat  the  oesophagus  contains  striated  muscle  in  the  upper 
three-fourths,  which  are  unaffected,  and  unstriated  in  the  lower  fourth, 
which  is  paralysed. 

Sensory  nerves. — Atropine  when  locally  applied  diminishes  the  sensibility 
of  the  terminations  of  the  sensory  nerves.  The  same  effect  is  produced 
when  the  drug  is  administered  internally,  but  in  this  case  the  effect  is 
general,  and  in  consequence  the  local  action  is  much  feebler  in  proportion 
to  the  dose. 

Eye. — When  atropine  is  applied  locally  to  the  eye,  in  the  case  of  all 
animals  except  birds  it  dilates  the  pupil,  paralyses  the  accommodation,  and 
alters  the  intra-ocular  pressure.  When  administered  internally,  atropine 
causes  mydriasis,  by  being  carried  in  the  blood  to  the  eye  itself,  and  then 
acting  on  the  nerve  terminations  in  the  same  way  as  when  applied  locally. 

When  atropine  is  applied  locally,  it  acts  on  the  iris  by  passing  through 
the  cornea  into  the  aqueous  chamber,  and  the  younger  the  subject  and  the 
thinner  the  cornea  the  more  quickly  are  the  effects  on  the  iris  produced. 
That  atropine  penetrates  into  the  aqueous  chamber  may  be  shown  by  a 
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simple  experiment.  The  eye  of  a  rabbit  is  thoroughly  atropiiiised.  The 
conjunctiva  having  been  well  washed  with  water,  paracentesis  of  the 
anterior  chamber  is  then  performed.  The  aqueous  humour  so  obtained 
is  found  to  dilate  the  pupil  when  applied  to  the  eye  of  a  dog.  The 
experiment  may  be  repeated  by  administering  atropine  internally,  so  as 
to  fully  dilate  the  pupil.  The  aqueous  humour  in  this  case  is  found  to  be 
without  effect. 

The  dilatation  of  the  pupil  is  due  partly  to  paralysis  of  the  sphincter — 
principally  from  affection  of  the  terminations  of  the  third  nerve,  but  to  a 
lesser  extent  to  paralysis  of  the  muscular  fibres  of  the  sphincter,  especially 
when  the  dose  is  a  large  one — and  partly  to  excessive  action  of  the  dilator 
from  stimulation  of  the  ends  of  the  sympathetic  in  the  dilator  muscle. 
That  there  is  paralysis  of  the  ends  of  the  oculomotor  nerve  in  the  sphincter, 
appears  from  the  fact  that  after  the  pupil  is  fully  dilated  by  atropine  no 
contraction  is  produced  by  irritation  of  the  third  nerve,  although  contrac- 
tion can  still  be  produced  by  direct  stimulation  of  the  sphincter.  That 
there  is  paralysis  of  the  muscular  fibres  themselves  when  the  dose  is  large, 
is  shown  by  the  fact  that  in  this  case  direct  stimulation  no  longer  produces 
contraction.  That  atropine  does  not  act  through  the  oculomotor  centre 
in  the  corpora  quadrigemina,  is  shown  by  the  facts  of,  first,  its  local  action, 
and,  second,  its  action  when  the  ciliary  ganglion  is  extirpated  and  all  the 
nerves  of  the  eye  have  been  divided  and  the  eye  has  even  been  entirely 
removed  from  the  body. 

That  in  addition  to  paralysis  of  the  oculomotor  fibres  in  the  sphincter 
there  is  also  excessive  action  of  the  dilator,  is  shown  by  the  following 
facts : — 

1.  When  the  oculomotor  nerve  is  divided,  the  pupil  does  not  dilate 
nearly  to  the  same  extent  as  it  does  from  the  application  of  atropine. 
This  can  be  shown  by  comparison  of  measurements  of  the  eye  under  the 
two  conditions.     Moreover,  after  the  nerve  has  been  divided  and  dilata- 
tion produced,  atropine  causes  still  further  dilatation,  and  the  dilatation 
due  to  paralysis  of  the  third  nerve  is  increased  by  atropine. 

2.  When  the  pupil  is  dilated  by  atropine,  section  of  the  sympathetic 
lessens  the  dilatation. 

3.  If  adhesions  be  present  between  the  iris  and  lens,  dilatation  some- 
times occurs  so  forcibly  as  to  tear  the  iris  from  the  lens  and  burst  the 
adhesions. 

The  action  on  the  ciliary  muscle  begins  after,  and  passes  away  long 
before,  the  affection  of  the  pupil.  Atropine  in  doses  sufficient  to  dilate 
the  pupil  increases  the  tension  when  the  anterior  chamber  is  shallow 
from  narrowing  of  the  iridic  angle.  In  glaucoma  it  dangerously  increases 
the  tension  by  packing  the  iris  into  the  angle  between  it  and  the  cornea, 
thus  causing  complete  obstruction  to  the  spaces  of  Fontana. 

Peripheral  terminations  of  the  chorda  tympani  in  the  salivary  glands. — 
Atropine  paralyses  the  endings  of  the  chorda  tympani  in  the  salivary 
glands,  and  so  produces  an  arrest  of  the  secretion  of  saliva,  resulting  in 
dryness  of  the  mouth  and  throat.  Stimulation  of  the  sympathetic  will 
still  induce  secretion,  showing  that,  although  the  secreting  nerves  are 
paralysed,  there  is  no  paralysis  of  the  secreting  cells  themselves.  The 
vaso-dilating  nerves  remain  unaffected,  so  that  electrical  stimulation  of  the 
chorda  tympani  causes  the  vessels  to  dilate  and  excites  a  free  flow  of  blood 
through  the  gland  as  usual.  In  the  cat,  atropine  paralyses  the  secretory 
power  not  only  of  ihe  chorda  tympani,  but  also  of  the  sympathetic. 
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Secreting  nerves  of  the  sweat,  mucous,  and  mammary  glands. — The  ter- 
minations of  the  nerves  in  the  sweat  glands  are  paralysed,  so  that  there 
is  dryness  of  the  skin. 

The  nerve-endings  in  the  mucous  glands  in  the  mouth,  pharynx,  and 
bronchi  are  paralysed.  This  action  assists  in  producing  the  dryness  of 
the  mouth  and  throat,  and  also  arrests  the  secretion  from  the  bronchial 
mucous  membrane.  The  nerve  terminations  in  the  mammary  gland  can 
also  be  paralysed  so  that  the  secretion  of  milk  is  arrested.  The  prolonged 
action  of  atropine  diminishes  the  lachrymal  secretion. 

Sensory  terminations  of  the  vagi  in  the  lungs. — These  are  paralysed  when 
atropine  is  administered  in  large  doses,  or  when  it  is  injected  into  the 
jugular  vein.  Immediately  after  the  injection  of  the  drug,  and  while  it  is 
still  passing  through  the  lungs,  the  respiration  becomes  slower.  The  slow- 
ing is  quickly  succeeded  by  acceleration  when  the  drug  begins  to  circulate 
through  the  medulla,  from  its  effect  on  the  respiratory  centre.  The  ter- 
minations of  the  vagus  in  the  bronchi  are  also  paralysed,  hence  the  bronchial 
tubes  become  relaxed. 

The  terminations  of  the  vagi  in  the  heart  are  paralysed,  but  this  action 
will  be  further  discussed  in  the  paragraph  on  the  effects  on  the  vascular 
system  generally. 

Skin. — As  already  mentioned,  the  paralysing  action  on  the  terminations 
of  the  nerves  in  the  sweat  glands  causes  the  skin  to  become  dry.  Flush- 
ing of  the  skin  may  be  observed  after  full  doses,  which  is  probably  the 
result  of  paralysis  of  the  terminations  of  the  vasomotor  nerves,  as  is  shown 
by  the  fact  that  if  atropine  is  applied  directly  to  the  web  of  the  frog's 
foot,  after  a  primary  contraction  due  to  the  irritant  action  of  the  alkaloid, 
the  vessels  can  be  seen  to  dilate.  In  some  cases,  after  a  large  dose,  a  red 
rash  appears,  resembling  the  eruption  of  scarlet  fever.  This  effect  suggested 
to  homoeopathists  the  use  of  small  doses  of  belladonna  in  scarlet  fever, 
but  it  is  needless  to  say  that  no  benefit  has  resulted  from  such  treat- 
ment. 

Temperature. — Atropine  in  moderate  doses  produces  a  rise  in  the 
temperature  of  the  body.  There  appears  to  be  an  increase  both  of  heat 
production  and  of  heat  dissipation ;  as  a  rule,  the  former  being  in  excess 
of  the  latter.  Sometimes  the  rise  of  temperature  is  very  considerable, 
as  occurred  in  a  fatal  case  of  belladonna  poisoning  which  I  had  the  oppor- 
tunity of  observing,  where  the  temperature  rapidly  rose  to  108°'6.  The 
increased  heat  production  probably  arises  from  stimulation  of  the  thermic 
centres.  Immediately  before  death  there  is  commonly  a  fall  of  tempera- 
ture, due  to  vasomotor  paralysis. 

Muscular  tissue. — Atropine  appears  to  increase  the  conducting  power 
of  involuntary  muscle.  When  applied  to  a  strip  of  the  heart  the  con- 
ducting power  of  which  has  been  diminished  by  muscarine,  the  contractility 
is  at  once  increased.  Each  contraction  wave  passes  over  the  whole 
muscular  strip  each  time  that  a  single  point  is  irritated. 

The  voluntary  muscles  are  not  affected  in  atropine  poisoning.  The 
contractility  of  striated  muscle  may,  however,  be  damaged  or  destroyed  by 
prolonged  soaking  in  a  very  concentrated  solution  of  the  alkaloid.  Such  a 
prolonged  soaking  can  never  occur  in  the  living  body. 

Vascular  system. — Atropine  acts  as  a  direct  stimulant  to  the  heart 
in  small  doses,  and  causes  increased  rapidity  of  the  pulse  rate,  together 
with  a  rise  of  arterial  pressure.  There  may  be  an  initial  slowing,  from 
stimulation  of  the  inhibitory  centre  in  the  medulla,  but  this  is  by  no 
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means  usual.  The  increased  rapidity  of  the  heart  is  explained  by  the  fact 
that  atropine  paralyses  either  the  trunks  of  the  vagi  or  their  peripheral 
endings  in  the  heart,  for  in  animals  under  its  influence  neither  section  nor 
stimulation  of  the  vagi  produces  any  effect  upon  the  organ. 

Large  doses  of  atropine  paralyse  the  heart  muscle  in  the  case  of  both 
the  frog  and  a  mammal.  The  heart  stops  still  in  diastole,  and  cannot  be 
set  going  again  by  stimulation.  At  the  same  time  minute  doses  have  a 
stimulating  effect  on  the  muscle.  If  the  cut-off  apex  of  the  frog's  heart  is 
touched  with  a  very  small  quantity  of  atropine,  it  immediately  starts  to 
beat.  It  has  been  observed  that  the  effects  of  atropine  on  the  frog's  heart 
vary  with  the  temperature,  and  when  the  temperature  is  high  small  doses 
have  a  depressant  instead  of  a  stimulant  action. 

The  rise  of  arterial  pressure  is  due  to  stimulation  of  the  vasomotor 
centre  in  the  medulla.  Large  doses  produce  a  fall  of  arterial  pressure  by 
paralysing  the  vasomotor  centre,  or  by  directly  paralysing  the  muscular 
coats  of  the  vessels.  Increased  blood  pressure  usually  renders  the  beats  of 
the  heart  slower,  by  the  stimulating  action  it  exerts  on  the  vagus  roots. 
When  the  vagi  are  divided,  quite  a  different  result  occurs,  a  rise  in  blood 
pressure  rendering  the  pulse  quicker  instead  of  slower. 

Atropine,  however,  in  quantity  slightly  larger  than  will  dilate  the 
pupil,  so  alters  the  nervous  sensibility  of  the  heart,  that  the  pressure  may 
be  first  increased  to  three  times  the  normal  and  then  diminished  to  one- 
half  or  even  one-third  without  any  change  in  the  pulse  rate  being  pro- 
duced. Atropine  should  therefore  be  useful  in  lessening  pain  or  palpita- 
tion in  persons  with  high  blood  pressure  or  suffering  from  cardiac  strain 
due  to  over-exertion. 

Digestive  system. — Eeference  has  already  been  made  to  the  dryness 
of  the  mouth  and  throat,  resulting  from  suppression  of  the  secretions  of 
the  mucous  and  salivary  glands.  It  is  probable  that  it  also  to  some 
extent  inhibits  the  gastric  secretion ;  at  any  rate,  in  cases  of  hypersecretion 
(hyperchlorhydria)  hypodermic  injections  of  atropine  are  said  to  have  been 
attended  by  notable  diminution. 

Small  doses  of  atropine  stimulate  the  peristaltic  movements  of  the 
intestine ;  moderate  doses  arrest  these  movements,  although  the  muscle 
fibres  still  retain  their  irritability ;  while  large  doses  not  only  stop  the 
movements,  but  also  paralyse  the  muscle  fibres,  so  that  they  only  contract 
feebly  or  not  at  all  when  directly  irritated.  The  increased  peristalsis  pro- 
duced by  small  doses  is  probably  caused  by  paralysis  of  the  inhibitory 
fibres  of  the  splanchnics.  Stimulation  of  the  peripheral  end  of  the  divided 
splanchnic,  while  arresting  movement  in  the  unpoisoned  animal,  no  longer 
does  so  in  the  poisoned  animal.  The  arrested  peristalsis  caused  by 
moderate  doses  is  probably  due  to  paralysis  of  the  ganglia  of  the  in- 
testine. 

Urinary  organs. — After  small  doses  diuresis  occurs.  After  large  doses 
diuresis  also  occurs  at  first,  and  the  urine  is  probably  forcibly  expelled, 
but  later  the  secretion  is  lessened  and  there  is  retention.  The  action 
of  atropine  on  the  vessels  of  the  kidney  has  been  studied  by  Ludwig  and 
Mosso,  who  found  that  1  part  in  100,000  causes  temporary  contraction, 
which  soon  passes  off; -that  1  part  in  10,000  causes  contraction,  which, 
instead  of  simply  returning  to  the  normal,  passes  into  dilatation,  and  then 
the  arteries  return  to  normal  size ;  and  that  1  part  in  5000  has  a  similar 
action,  but  the  dilatation  persists  and  the  kidney  soon  dies.  The  con- 
traction of  the  vessels  would  account  for  the  lessening  of  the  secretion. 


ANTAGONISTS.  267 

Thompson  found  that  atropine  decreases  the  amount  of  urine  by  a 
direct  action  on  the  kidneys  similar  to  that  which  it  exerts  on  the  glands. 

Walti  injected  atropine  sulphate  (TV  gr.)  into  the  external  jugular 
veins  of  rabbits  narcotised  by  chloral  hydrate,  and  measured  the  urine 
flowing  from  a  cannula  in  the  bladder  every  five  mintues,  at  the  same 
time  registering  the  blood  pressure.  The  dose  was  frequently  repeated, 
and  sometimes  a  still  larger  one  was  used.  He  injected  the  atropine  in 
one  case  after  simply  determining  the  normal  flow,  and  in  twenty-four 
cases  after  increasing  it  by  the  injection  of  urea,  caffeine,  sulphonic  acid, 
or  diuretin.  He  found  that  a  diminution  of  the  flow  usually  follows  the 
intravenous  injection  of  atropine,  independently  of  the  rise  of  blood  pressure 
which  is  often  produced. 

Atropine  also  tends  to  prevent  the  appearance  of  sugar  in  the  urine 
caused  by  injections  of  urea.  It  is  eliminated  almost  entirely  by  the 
kidneys. 

Antagonists. — A  great  deal  has  been  written  on  the  question  whether 
atropine  is  an  antidote  to  morphine.  A  belief  in  the  antagonism  of  opium 
and  belladonna  is  said  to  have  existed  since  the  sixteenth  century.  It  is 
probable  that  their  opposite  actions  on  the  pupils  first  suggested  a  possible 
antagonism ;  but  there  is  no  real  antagonism  in  this,  for,  while  opium  acts 
centrally,  belladonna  acts  locally.  Experiments  on  dogs  and  rabbits  appear 
to  support  the  contention  that  atropine  will  antagonise  opium ;  but  with 
regard  to  the  experiments  on  rabbits,  it  should  be  remembered  that  they 
are  very  insusceptible  to  atropine. 

Clinical  evidence,  however,  is  mostly  in  favour  of  the  belief  in  anta- 
gonism. It  has  been  pointed  out  that,  while  in  opium  poisoning  death 
tends  to  supervene  through  failure  of  the  respiration,  atropine  acts  as  a 
respiratory  stimulant ;  and  one  of  the  first  results  of  the  administration  of 
atropine  in  a  case  of  opium  poisoning  is  increased  frequency  of  respiration 
and  improved  aeration  of  the  blood.  H.  C.  Wood  recommends  that,  as 
soon  as  there  is  decided  evidence  of  failure  of  the  respiration,  atropine 
should  be  administered  hypodermically  in  doses  of  TV  gr.,  and  the  dose 
cautiously  repeated  whenever  the  respiration  appears  again  to  flag  (see 
also  p.  245). 

Atropine  may  be  also  used  to  antagonise  the  depressing  action  of 
chloral,  aconite,  and  various  poisonous  fungi  on  the  respiratory  centre.  It 
will  antagonise  those  drugs  which  inhibit  the  heart  and  render  its  beats 
slower  or  stop  them  altogether,  such  as  niuscarine,  pilocarpine,  phytolacca, 
and  physostigmine. 

Atropine  is  antagonistic  to  the  action  of  muscarine,  pilocarpine,  and 
nicotine  (q.v.)  on  the  iris  and  ciliary  muscle,  as  these  drugs  stimulate  the 
terminations  of  the  oculomotor  nerve  which  atropine  paralyses. 

Physostigmine  (q.v.)  stimulates  the  muscular  fibre  itself,  and  will 
therefore  act  in  spite  of  the  application  of  atropine,  unless  this  is  carried 
to  a  high  degree. 

Idiosyncrasy. — Children  bear  larger  doses  of  belladonna  in  proportion 
than  adults.  Some  animals  are  very  insusceptible  to  belladonna ;  among 
these  are  horses,  donkeys,  rabbits,  guinea-pigs,  rats,  and  pigeons.  A 
rabbit  may  be  fed  for  days  on  belladonna  leaves  without  apparent  injury. 
It  may  be  observed  that  in  the  case  of  rabbits  the  vagus  exercises  little 
influence  over  the  action  of  the  heart,  and  accordingly  paralysis  of  the  vagus 
produces  scarcely  any  appreciable  alteration  of  the  rate.  We  have  already 
pointed  out  that  atropine  does  not  dilate  the  pupil  of  birds,  and  that  there 
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are  other  peculiarities  in  its  action  in  other  parts  of  the  body  in  different 
animals,  depending  on  the  presence  or  absence  of  unstriated  muscle. 

Toxicology.  —  The  symptoms  have  been  incidentally  referred  to. 
The  treatment  consists  in  the  evacuation  of  the  stomach,  either  by  the 
stomach-pump  or  by  emetics.  Tannic  acid  may  be  administered,  on  the 
principle  that  it  forms  alkaloidal  salts,  which  are  sparingly  soluble. 
Symptoms  should  be  treated  as  they  arise  by  stimulants,  strong  hot  coffee, 
hot  and  cold  douche,  etc. 

Therapeutics. — In  relieving  pain. — We  have  seen  that  atropine 
locally  applied  diminishes  the  sensibility  of  the  peripheral  terminations 
of  the  sensory  nerves.  One  of  the  most  effective  remedies  for  the  pain 
of  lumbago,  pleurodynia,  etc.,  is  the  local  application  of  belladonna. 
Belladonna  may  be  either  employed  in  the  form  of  Emplastrum  Bella- 
donnas (B.P.  and  U.S.P.),  Linimentum  Belladonna  (B.P.  and  U.S.P.),  or 
Unguentum  Belladonnas  (B.P.  and  U.S.P.).  The  liniment  may  be  rubbed 
over  the  seat  of  the  pain  three  times  a  day.  The  liniment  sprinkled  on 
impermeable  piline  is  also  an  effective  application,  but  a  combination  of  the 
liniment  (7  parts)  with  chloroform  of  belladonna — not  official,  made  from 
root  by  extraction  with  ammonia  and  chloroform — (1  part)  is  even  better. 
In  pleurisy,  by  using  belladonna  strapping  instead  of  ordinary  strapping, 
we  add  the  anodyne  effects  of  belladonna  to  the  simple  fixation  effects  of 
the  strapping.  A  large  belladonna  plaster  applied  over  the  loins  will 
often  prove  of  great  service  in  lumbago.  The  application  of  glycerin  of 
belladonna  (equal  parts  of  the  green  extract  and  glycerin)  or  of  belladonna 
ointment  has  been  found  effectual  in  allaying  inflammation  and  relieving 
pain  in  boils  and  carbuncles,  and  in  the  acute  manifestations  of  gout. 

In  neuralgia,  belladonna  by  the  mouth,  or  ^^  to  T^F  gr.  atropine  sub- 
cutaneously,  will  often  give  marked  relief.  Liquor  Atropinte  Sulphatis 
(B.P.)  may  be  used.  Although  less  certain  to  relieve  than  morphine,  its 
effects  are  sometimes  more  lasting.  Atropine  may  be  usefully  given,  in 
alternation  with  morphine,  in  cases  where  there  is  a  danger  of  the 
morphine  habit  being  formed.  Occasionally  Unguentum  Atropino?.  (B.P.) 
is  useful. 

Epilepsy  and  laryngismus  stridulus. — Before  the  introduction  of 
bromide  of  potassium,  belladonna  was  largely  used  as  a  remedy  for 
epilepsy.  Trousseau  recommended  that  it  should  be  given  in  the  form  of 
a  pill,  consisting  of  equal  parts  of  the  green  extract  and  powdered  leaves, 
one-fifth  of  a  grain  of  each,  beginning  with  one  pill  daily,  and  increasing  the 
dose  by  one  pill  every  month.  Gowers  says  of  belladonna,  that  although 
very  rarely  successful  alone,  it  is  a  useful  adjuvant.  Belladonna  has  also 
been  given  with  supposed  benefit  in  that  form  of  infantile  convulsions 
called  laryngismus  stridulus. 

Excessive  siveating. —  In  the  night-sweating  which  sometimes  proves 
such  a  marked  symptom  in  phthisis,  preparations  of  belladonna  are  very 
useful.  Half  a  grain  of  either  Extractum  Belladonna  Viride  (B.P.), 
Extractum  Belladonna  Alcoholicum  (B.P.),  or  Extractum  Belladonna 
Foliorum  Alcoholicum  (U.S.P.),  or  15  minims  of  Tinctura  Belladonna  (B.P.), 
or  Tinctura  Belladonnas  Foliorum  (U.S.P.),  or  ^  gr.  to  r>V  gr.  of  atropine, 
may  be  given  at  bedtime,  either  alone  or  combined  with  other  remedies, 
such  as  oxide  of  zinc  or  camphoric  acid.  The  liniment  may  be  used  as  a 
local  application  in  the  treatment  of  sweating  feet  and  hands. 

Collapse. — H.  C.  Wood  has  advocated  the  use  of  atropine  in  the  treat- 
ment of  cases  of  collapse  with  fall  of  temperature  below  normal,  and  with 
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loss  of  arterial  tension  and  sweating.  Such  collapse,  he  points  out,  is  not 
infrequent  in  young  children  in  the  advanced  stages  of  pneumonia,  pleurisy, 
or  other  pulmonic  disease,  as  well  as  in  puerperal  and  other  forms  of 
mania  in  exhausted  patients,  and  is  a  condition  of  shock  in  which  fall  of 
temperature  is  chiefly  the  result  of  vasomotor  paralysis.  To  combat  this 
condition,  Wood  recommends  the  free  use  of  external  heat  combined  with 
hypodermic  injections  of  atropine  (yi^  gr.  to  -£-$  gr.).  I  confess  that  I 
should  place  more  reliance  on  intravenous  or  subcutaneous  injections 
of  warm  normal  saline  solution. 

Exophthalmic  goitre. — The  physiological  action  of  atropine  is  in  some 
particulars  the  opposite  of  the  action  of  the  toxic  agent  in  exophthalmic 
goitre,  and  in  the  treatment  of  this  disease  belladonna  is  undoubtedly 
one  of  the  most  useful  drugs  we  possess.  Patients  feel  better  while 
taking  it,  and  frequently  decidedly  improve  in  general  condition.  It  is 
difficult  to  say  exactly  how  it  acts.  It  is  possible  that  it  tends  to  inhibit 
the  secretion  of  the  thyroid  gland  in  the  same  way  as  it  checks  the 
secretion  of  other  glands.  It  should  be  given  internally  in  as  full  doses 
as  the  patient  can  bear.  It  may  be  also  applied  locally  over  the  thyroid 
gland  in  the  form  of  the  extract  or  liniment. 

Secretion  of  milk. — Belladonna  when  applied  locally  to  the  breast  has 
the  power  of  arresting  the  secretion  of  milk.  This  action  is  frequently 
taken  advantage  of  when  it  is  found  necessary  to  terminate  lactation  pre- 
maturely, to  relieve  the  pain  and  swelling  of  the  breasts.  For  this 
purpose  the  liniment,  the  ointment,  or  the  Extractum  Belladonnas 
Liquidum  (B.P.),  or  Extractum  Belladonna?  Eadicis  Fluidum  (U.S.P.), 
mixed  with  an  equal  quantity  of  glycerin,  may  be  gently  rubbed  over 
the  breasts,  or  strips  of  plaster  or  lint  on  which  the  ointment  has  been 
spread  may  be  applied. 

Dysmenorrhcea. — Belladonna  has  been  found  to  afford  relief  in  spasmodic 
dysmenorrho3a.  For  this  condition  the  following  pill  may  be  found 
useful : — either  extract  of  belladonna,  \  gr. ;  camphor,  3  grs. ;  extract  of 
hyoscyamus,  ^  gr. 

Respiratory  tract. — In  nasal  hydrorrhoea,  small  doses  of  atropine  have 
been  found  by  Poulsson  to  control  attacks  within  half  an  hour.  Similarly, 
in  bronchorrhoea  the  excessive  secretion  from  the  bronchial  mucous  mem- 
brane may  be  checked  by  giving  belladonna  or  atropine.  Ringer  recom- 
mends 10  minim  doses  of  tincture  of  belladonna  three  times  a  day  in 
cases  of  bronchitis  attended  with  profuse  secretion,  such  as  occurs  after 
ether  anaesthesia,  and  says  he  has  found  it  useful  in  relieving  the  cough 
as  well  as  in  checking  the  secretion. 

In  the  treatment  of  spasmodic  asthma  atropine  has  been  found  specially 
useful.  It  probably  acts  by  relieving  the  spasm  of  the  bronchi.  Hyde 
Salter  recommended  the  tincture  given  in  increasing  doses  at  bedtime 
until  the  asthmatic  tendency  had  ceased,  and  reported  that  such  treatment 
had  in  not  a  few  cases  resulted  in  a  complete  and  apparently  permanent 
cure.  Trousseau  advocated  atropine  in  doses  of  TV  gr.  to  ^T  gr.  daily  for 
ten  days.  Other  physicians  prefer  to  use  atropine  subcutaneously. 

Belladonna  and  atropine  have  been  also  strongly  recommended  in  the 
treatment  of  broncho-pneumonia  in  children  by  Coutts.  He  gives  the 
remedy  freely,  and  says  he  has  obtained  better  results  from  it  than  from 
any  other  method  of  treatment. 

Whooping-cough. — Of  the  many  remedies  which  have  been  vaunted 
for  whooping-cough,  belladonna  is  one  of  the  most  efficient  in  diminishing 
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the  frequency  and  intensity  of  the  paroxysms.  Children  bear  belladonna 
well,  and  doses  of  5  minims  of  the  tincture,  or  •£  minim  of  the  Liquor 
Atropinoe  Sulphatis,  may  be  given  three  times  a  day.  Einger  advocates 
large  doses,  and  says  he  often  gives  as  much  as  10  minims  of  the 
tincture  every  hour  to  children  2  or  3  years  old  without  producing  any 
effect  except  on  the  cough. 

Heart  disease. — In  cases  of  valvular  disease  where  there  is  pain  over 
the  prtecordium,  belladonna  applied  locally  often  gives  signal  relief.  A 
belladonna  plaster  4  in.  by  6  in.  may  be  kept  applied  over  the  heart  for 
a  fortnight  at  a  time.  In  cases  of  pain  or  palpitation,  with  or  without 
cardiac  hypertrophy  and  high  arterial  tension,  atropine  or  belladonna, 
either  applied  locally  or  given  internally,  will  afford  relief,  but  the  local 
application  is  the  more  certain  and  efficient. 

Diseases  of  the  digestive  system. — The  dry  ness  of  the  mouth  which 
atropine  produces  suggests  the  use  of  the  drug  in  ptyalism,  whether  due 
to  mercury  or  other  cause.  Atropine  or  belladonna  may  be  given  to 
relieve  the  pain  of  ulcer  or  cancer  of  the  stomach,  but  opium  is  more 
generally  useful.  We  have  already  referred  to  the  action  of  atropine  in 
checking  over-secretion  of  the  stomach,  and  its  possible  utility  in  hyper- 
chlorhydria.  Belladonna  is  a  most  valuable  adjuvant  to  various  purgatives, 
such  as  aloes  or  cascara  sagrada.  In  small  doses,  it  appears  to  stimu- 
late peristalsis,  while  preventing  irregular  contractions,  such  as  probably 
occur  when  griping  or  colicky  pains  arise.  I  have  prescribed  the  same 
purgative  pill  with  and  without  £  gr.  of  Extract  of  Belladonna,  and  patients 
have  repeatedly  decided  in  favour  of  that  which  contained  belladonna.  In 
colic,  whether  dependent  on  plumbism  or  not,  the  local  application  of 
belladonna  will  generally  afford  relief.  Twenty  to  sixty  minims  of  lini- 
ment of  belladonna  sprinkled  on  a  hot  fomentation  and  applied  over  the 
abdomen  is  a  comforting  application  in  such  cases. 

Incontinence  of  urine. — Belladonna  is  one  of  the  best  remedies  we 
possess  for  enuresis.  Incontinence  of  urine,  such  as  occurs  in  children  and 
young  adults,  probably  results  from  undue  reflex  excitability,  so  that  as 
soon  as  the  bladder  contains  a  certain  amount  it  is  excited  to  contract. 
Belladonna  acts  by  lessening  this  irritability,  and  as  the  drug  is  eliminated 
by  the  urine  the  local  action  on  the  bladder  is  intensified.  Young  children 
tolerate  belladonna  well,  and  doses  of  5  or  10  minims  of  the  tincture  may 
be  safely  given  at  bedtime. 

Eye  diseases. — Belladonna  is  employed  locally  for  its  sedative  action  to 
relieve  pain  and  allay  irritation  and  inflammation  in  the  conjunctiva, 
cornea,  choroid  or  iris.  Atropine  is  used  to  dilate  the  pupil  in  ophthal- 
moscopic  examinations,  in  cataract  to  improve  the  sight  by  enabling  more 
light  to  enter  the  periphery  of  the  lens,  and  in  iritis  to  prevent  the  forma- 
tion of  adhesions  between  the  iris  and  lens.  In  iritis  a  combination  of 
atropine  and  cocaine  (1  or  2  per  cent.)  in  the  form  of  ointment  or  drops 
is  generally  used.  Atropine  is  also  used  to  paralyse  the  accommodation 
when  it  is  important  to  test  the  condition  of  refraction  independently  of 
the  accommodation.  Atropine  should  be  avoided  in  glaucoma  on  account 
of  its  power  of  increasing  the  ocular  tension. 

When  atropine  is  to  be  applied  frequently,  it  may  be  dropped  into  the 
inner  canthus,  the  patient  holding  the  head  so  as  to  allow  it  to  drop  out  of 
the  outer  canthus.  The  reason  of  this  is,  that  when  applied  in  the  ordinary 
way  it  runs  down  the  lachrymal  duct  and  is  absorbed,  and  may  produce 
toxic  symptoms.  The  local  use  of  atropine  sometimes,  however,  gives 
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rise  to  a  peculiar  form  of  conjunctivitis  and  affection  of  the  eyelids. 
This  occurs  most  commonly  in  old  people.  The  conjunctiva  of  the  lids 
becomes  congested,  thickened,  and  possibly  granular,  while  the  skin  becomes 
reddened  and  shiny,  or  perhaps  slightly  excoriated.  It  should  be  borne 
in  mind  that  some  persons  are  specially  sensitive  to  atropine,  and  suffer 
from  smarting  and  irritation  after  even  one  or  two  drops  of  the  ordinary 
atropine  solution  (Liquor  Atropinie  Sulphatis  1  per  cent.). 

HYOSCYAMUS. 

Pharmacology  and  Therapeutics. — The  physiological  action  of 
hyoscyamus  closely  resembles  that  of  belladonna,  and  in  general  its  pre- 
parations may  be  employed  to  fulfil  any  of  the  indications  for  which 
belladonna  is  used.  They  are  much  weaker,  however,  than  the  corre- 
sponding preparations  of  belladonna,  and  accordingly  must  be  used  in 
much  larger  doses.  Hyoscyamus  possesses  a  more  marked  narcotic  action 
than  belladonna ;  but  although  as  a  rule  it  acts  as  a  hypnotic,  cases  have 
occurred  where  it  has  had  the  opposite  effect  and  has  produced  insomnia. 
It  is  much  -employed  in  the  composition  of  purgative  pills  to  prevent 
griping;  Extractum  Hyoscyami  Viride  (B.P.),  or  Extractum  Hyoscyami 
(U.S.P.),  is  usually  used  in  doses  of  about  2  gr.  Belladonna  is  also  often 
administered  in  vesical  disorders  to  relieve  spasm  and  to  allay  pain  and 
irritation.  It  is  also  given  to  relieve  the  pains  of  locomotor  ataxy.  There 
is  an  official  tincture  (dose  \  to  1  drm.)  in  both  Pharmacopoeias. 

STRAMONIUM. 

Pharmacology  and  Therapeutics. — The  physiological  action  of 
stramonium  is  closely  akin  to  that  of  belladonna.  As  a  remedy  it  is  princi- 
pally employed  for  the  relief  of  asthma,  and  is  used  in  the  form  of  powder, 
which  is  burnt  and  the  smoke  inhaled.  Stramonium  is  one  of  the  chief 
ingredients  in  various  nostrums,  such  as  Himrod's  cure,  the  Green  Mountain 
cure,  which  are  sold  as  asthma  cures.  A  formula  which  has  been  found 
very  useful  at  the  Brompton  Hospital  is  the  following : — Powdered  stra- 
monium leaves,  4  drms. ;  powdered  anise,  2  drms. ;  nitrate  of  potassium, 
2  drms. ;  powdered  tobacco,  5  grs.  A  small  quantity  of  this  is  put  on  a 
plate  and  ignited,  and  the  smoke  is  slowly  inhaled.  This  often  gives  great 
relief  during  an  asthmatic  paroxysm.  Either  the  dried  seeds  or  leaves 
may  be  smoked  in  a  pipe  or  cigarettes  for  the  same  purpose. 

As  a  preventive  of  the  attacks,  and  to  relieve  the  chronic  distress 
frequently  accompanying  asthma,  stramonium  may  be  given  internally. 
A  quarter  to  1  gr.  of  the  extract,  or  5  to  15  minims  of  the  tincture,  may 
be  given  three  times  a  day.  A  very  useful  combination  is  with  iodide  of 
potassium,  as  in  the  following  formula  from  the  Brompton  Hospital 
Pharmacopeia : — Extract  of  Stramonium  (B.P.),  £  gr.;  Extract  of  Liquorice 
(B.P.),  2  grs.;  Iodide  of  Potassium,  3  grs.;  Spirit  of  Chloroform  (B.P.),  5 
minims ;  water,  1  oz.  The  tincture  of  the  leaves,  official  with  B.P.  and 
U.S.P.,  may  be  used  in  doses  of  5  to  15  minims. 

HYOSCYAMINE. 

Pharmacology  and  Therapeutics. — The  physiological  effects 
of  hyoscyamine  or  duboisine  observed  by  de  Monty  el  are  the  follow- 
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ing : — The  skin  as  a  rule  becomes  dry,  although  not  unpleasantly  so,  but 
sometimes  perspiration  is  produced.  The  mouth  usually  becomes  uncom- 
fortably dry,  but  sometimes  intense  salivation  comes  on.  There  is  marked 
diminution  in  the  quantity  of  the  urine.  There  is  usually  no  effect  on  the 
bladder  or  urethra.  In  one  patient,  however,  urethral  spasm  occurred. 
I  )igestive  disorders  are  observed  after  a  few  days,  shown  by  loss  of  appetite, 
furring  of  tongue,  a  taste  in  the  mouth  resembling  soap,  and  vomiting. 
The  nutrition  suffers.  There  is  general  loss  of  nesh,  and  emaciation  was 
observed  in  patients  who  did  not  suffer  from  vomiting  or  loss  of  appetite. 
It  has  a  decidedly  sedative  effect  on  the  nervous  system.  Tolerance  to  the 
sedative  effect  is,  however,  soon  obtained. 

In  the  case  of  dogs,  Eaimondi  has  observed  that  hypodermic  injections 
of  sulphate  of  hyoscyamine  produced  loss  of  weight  and  an  ataxic  gait, 
together  with  sclerosis  of  the  spinal  cord  at  the  level  of  the  last  lumbar 
and  first  sacral  nerves. 

The  following  toxic  symptoms  after  large  doses  were  observed  by  de 
Montyel : — A  peculiar  half-drunken  condition  supervened,  with  giddiness, 
vomiting,  tingling  of  skin,  psychical  and  motor  excitement,  hallucinations 
and  delirium,  sometimes  followed  by  leaden  sleep.  Prolonged  attacks  of 
tonic  and  clonic  convulsions  were  also  observed.  Among  other  symptoms 
were  pallor,  with  a  burning  hot  skin,  abundant  sweating,  profuse  green 
diarrhoea,  polyuria,  and  frequent  micturition.  In  one  case  there  was 
alarming  cardiac  failure.  The  pupils  were  dilated  to  their  widest  extent, 
and  there  were  lachrymation  and  visual  disturbances,  due  to  paralysis  of 
accommodation.  There  was  extreme  dryness  of  the  tongue  and  of  the 
whole  buccal  cavity,  with  intense  thirst.  The  toxic  symptoms  disappeared 
rapidly,  without  leaving  any  trace. 

Hyoscyamine  has  been  chiefly  used  therapeutically  in  cases  of 
nervous  disease.  It  has  been  given  hypodermically  and  by  the  mouth 
in  general  paralysis  during  violent  excitement  with  satisfactory  results, 
one  of  the  most  encouraging  effects  being  that  the  patients  are  more 
readily  induced  to  take  food.  According  to  Skeen,  the  hypodermic 
method  is  the  more  satisfactory.  Subcutaneous  injections  of  from  -^^  gr. 
to  F\  gr.  (the  official  sulphate  is  soluble  in  water),  in  over  three-fourths  of 
the  cases  in  which  it  was  given,  produced  sleep  lasting  from  four  to  six 
hours.  It  acted  best  in  the  insomnia  of  epilepsy  and  mania.  Like 
hyoscine,  it  has  been  used  in  the  treatment  of  paralysis  agitans.  Prentiss 
recommends  the  use  of  a  solution  containing  1  gr.  of  the  hydrobromide  in 
1  oz.  of  water.  He  says  he  has  seen  great  benefit  to  the  tremor  from  the 
instillation  of  one  drop  in  each  eye  once  a  day.  Others  recommend  three 
to  five  granules  containing  -2±^  gr.  by  the  mouth,  or  ^i-g-  gr.  hypodermically, 
as  an  effective  sedative  in  paralysis  agitans.  For  whatever  purpose  the 
remedy  is  given,  it  is  important  to  remember  its  toxic  properties,  and  to 
give  it  interruptedly  in  small  doses. 

HYOSCINE. 

Pharmacology  and  Therapeutics. — Hyoscine  or  scopolamine 
(C17H21N04)  is  a  much  more  poisonous  body  than  atropine,  to  which 
in  its  physiological  action  it  is  closely  related.  A  dose  of  a  fraction 
of  1  mgrrn.  has  been  known  to  produce  severe  physiological  symptoms. 
Like  atropine,  it  produces  mydriasis,  paralyses  the  intracardial  vagus 
endings,  and  arrests  the  salivary  secretion,  the  sweat,  and  peristaltic 
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action.  It  differs  from  it  in  not  increasing  the  intra-ocular  pressure,  and 
in  lowering  the  electrical  excitability  of  the  cerebral  cortex. 

It  has  been  largely  employed  in  certain  forms  of  insomnia,  but  its 
action  is  rather  sedative  than  hypnotic.  It  has  been  reported  to  act  well 
in  cases  of  insomnia  with  delirium,  as  in  delirium  tremens,  and  to  be  a 
perfectly  safe  hypnotic  in  cases  of  severe  kidney  disease,  where  morphine 
cannot  be  employed.  It  has  been  largely  given  as  a  hypnotic  in  the  insane, 
and  the  effect  is  said  to  be  most  marked  in  cases  of  mania  (see  p.  312). 
Hypodermic  injections  (the  official  hydrobromide  is  soluble  in  water)  of 
from  O'OOo  to  0'015  gr.  produced  sleep,  in  most  cases  lasting  three  to  ten 
hours.  0-004  gr.  had  a  marked  calming  effect  in  insane  patients  suffering 
from  excitement.  A  dose  of  from  ^4^-  to  ^T  gr.  subcutaneously  induced 
quiet  sleep,  especially  in  women,  in  from  two  to  three  minutes.  Tomasini 
reports  that  it  is  a  remarkable  sedative  in  maniacal  cases  and  periodical 
insanity,  producing  no  local  reaction  or  general  excitation.  The  patient, 
however,  readily  becomes  habituated  to  its  use.  In  chorea  a  dose  of  -^  gr. 
produced  sleep,  followed  by  total  and  permanent  cessation  of  movements, 
after  bromide,  chloral,  morphine,  and  arsenic  had  been  tried  in  vain.  The 
insomnia  relieved  by  hyoscine  is  that  in  which  a  continual  whirl  of 
thought  or  mental  images  banishes  sleep.  Some  patients  appear  to  be 
very  susceptible  to  hyoscine,  and  I  have  seen  great  excitement  produced 
by  comparatively  small  doses. 

The  action  of  hyoscine  upon  the  iris  and  ciliary  muscle  has  been  care- 
fully studied  by  Oliver.  As  a  mydriatic,  locally  applied,  hyoscine  is  five 
times  stronger  than  atropine.  It  acts  much  more  quickly,  and  its  action  is 
of  shorter  duration.  One  drop  of  an  aqueous  solution  (1  in  3000)  fully 
dilates  the  pupil  in  fifteen  minutes,  and  the  effect  persists  for  eighty-four 
hours.  The  following  are  the  conclusions  arrived  at  by  Oliver : — (1)  The 
mydriasis  of  a  single  instillation  of  T|-^  gr.  of  hydrobromide  of  scopola- 
mine  is  obtained  in  eighteen  minutes;  (2)  ciliary  paralysis  occurs  in 
twenty-three  minutes;  (3)  full  dilatation  is  obtained  in  every  case,  and 
remains  at  its  maximum  from  twenty-four  to  thirty  hours ;  (4)  total  ciliary 
paralysis  is  maintained  from  twenty -four  to  thirty-six  hours;  (5)  the 
diameter  of  the  pupil  becomes  normal  in  about  seventy-two  hours,  and 
total  re-establishment  of  the  power  of  the  ciliary  muscle  takes  place  in 
ninety-six  hours. 

In  the  treatment  of  plastic  iritis,  Oliver  recommends  the  use  of  solution 
of  hydrobromide  of  scopolamine  (1  in  1000).  Two  drops  should  be  instilled 
as  often  as  three  times  in  the  course  of  an  hour,  preceded,  if  necessary,  by 
two  drops  of  a  2  per  cent,  solution  of  hydrobromide  of  cocaine.  It  has  a 
more  prompt,  quieting,  and  reparative  power  than  atropine. 

Bostwick  has  tried  with  good  effect  hyoscine  hypodermically  in  angina 
pectoris.  He  found  that  a  hypodermic  injection  of  -V  gr.  of  hyoscine 
hydrobromide  gave  great  relief  where  the  usual  remedies  had  failed. 
Relief  ensued  in  fifteen  minutes,  and  in  half  an  hour  the  patient  was 
sleeping  quietly.  There  was  moderate  dilatation  of  the  pupils,  but  no 
dryness  of  the  throat. 

Like  atropine,  it  has  proved  useful  in  asthma  and  whooping-cough. 
In  cases  of  sexual  excitement  and  over-frequent  seminal  emissions,  hyo- 
scine, in  doses  of  y^  gr.  to  --$  gr.  at  bedtime,  has  proved  most  useful.  The 
remedy  has  also  acted  beneficially  in  paralysis  agitans  with  aching  pains, 
whether  given  hypodermically  or  by  the  mouth. 

18 
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HOMATROPINE. 

Pharmacology  and  Therapeutics. —Homatropine  (C1(.H21N03) 
or  oxytoluyltropei'iie  (see  p.  34)  has  been  introduced  as  a  mydriatic  of  late 
years.  It  is  less  poisonous  than  atropine,  and  its  action  on  the  accom- 
modation, while  weaker,  is  more  rapid  in  its  onset,  and  passes  off  more 
quickly.  A  dose  of  Jj  gr.  is  not  toxic,  merely  producing  some  dryness 
and  irritation  in  the  throat.  A  dose  of  -^  gr.  produces  giddiness,  weak- 
ness, and  unsteadiness  in  the  limbs,  together  with  widening  of  the  pupil. 
In  some  cases  it  produces  slowing  of  the  pulse.  It  is  chiefly  used,  applied 
locally,  to  dilate  the  pupils  for  ophthalmoscopic  purposes,  for  which 
purpose  either  the  official  lamelhe  (B.P.)  may  be  employed,  or  drops  of 
a  1  per  cent,  solution  may  be  instilled  into  the  eye. 
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NUX  VOMICA. 

(B.P.    AND    U.S.P.) 

STRYCHNOS  NUX  VOMICA  is  a  tree  belonging  to  the  order  Loganiacece, 
which  is  indigenous  in  many  parts  of  India,  and  is  also  found  in  Burmah, 
Siam,  and  elsewhere  in  the  Eastern  Archipelago.  The  seeds  or  beans  (mix 
vomica)  were  introduced  into  Europe  in  the  sixteenth  century,  but  were 
for  some  time  used  as  a  poison  for  vermin  rather  than  as  a  remedy. 
About  1818,  Pelletier  and  Caventou  discovered  two  alkaloids,  strychnine 
and  bmcine,  in  the  bark  and  seeds  of  nux  vomica  and  other  species 
of  the  genus.  Strychnine  is  much  the  more  important  of  the  two,  and 
lends  to  the  nux  vomica  bean  its  therapeutic  virtues  and  its  toxicological 
interest.  In  the  plant  the  alkaloids  are  combined  with  malic  acid. 
Igasuric  or  strychnic  acid,  which  is  also  found  in  nux  vomica,  has  proved 
to  be  a  tannin  body,  giving  a  dark  greenish  reaction  with  ferrous  salts. 
Several  other  alkaloids  have  been  said  to  occur  in  nux  vomica,  but  have 
not  been  found  in  the  more  recent  investigations,  while  a  glucoside, 
loganin,  which  has  been  isolated  by  Dunstan  and  Short,  has  not  been 
shown  to  possess  any  pharmacological  action. 

Strychnine  and  brucine  are  found  in  a  number  of  other  species  of 
Strychnos,  and  the  beans  of  one  of  these,  Strychnos  ir/natia,  have  been 
employed  to  some  extent  in  therapeutics  as  a  substitute  for  the  more 
widely  known  nux  vomica.  As  a  general  rule,  the  two  alkaloids  are 
found  together,  but  in  some  instances  strychnine  has  been  found  without 
brucine,  while  in  other  plants  the  reverse  is  the  case.  Other  species  of 
Strychnos  contain  neither  strychnine  nor  brucine,  and  one  of  these, 
Strychnos  toxifera,  is  of  some  interest  as  being  the  source  of  the  arrow 
poison  curara,  which  has  been  used  extensively  in  physiological  experi- 
ments, and  has  been  occasionally  administered  therapeutically.  The 
bark  of  Strychnos  nux  vomica  is  not  employed  in  medicine,  but  has  some 
historical  interest,  because  it  was  formerly  met  with  as  an  adulteration 
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of  cusparia  bark,  and  under  the  name  of  false  angustura  bark  gave  rise 
to  a  number  of  cases  of  poisoning.  It  contains  much  less  strychnine 
than  the  seeds,  but  has  a  high  percentage  of  brucine. 

Strychnine  and  brucine  are  nearly  related  chemically,  the  formula  of 
strychnine  being  C21H2.2N2O2,  that  of  brucine  C23H20N204.  The  latter  has 
been  shown  to  be  dimethoxyl-strychnine,  so  that  its  formula  may  be 
written,  C21H2()(CH30)2N202.  The  structure  of  these  alkaloids  is  still  un- 
known, but  some  of  the  products  of  their  decomposition  are  pyridine 
compounds,  which  indicates  that  they,  like  so  many  other  active  principles, 
belong  to  the  group  of  pyridine  alkaloids. 

In  the  British  Pharmacopoeia,  nux  vomica  is  defined  as  the  dried  ripe 
seeds  of  Strychnos  nux  vomica,  while  the  United  States  Pharmacopoeia 
requires  only  the  seeds  of  the  plant  without  stating  their  condition. 
They  contain  strychnine  and  brucine  in  about  equal  quantities,  the 
percentage  of  strychnine  varying  from  0*9  to  1'9  of  the  whole  weight 
of  the  seed,  that  of  brucine  from  0'7  to  l-5.  The  total  alkaloids  average 
2'4  per  cent.,  but  in  some  specimens  as  much  as  5  per  cent,  of  the  weight 
of  the  seed  has  been  found  to  be  formed  by  the  alkaloids.  The  Extractum 
Nucis  Vomicte  Liquiduni  (B.P.)  is  a  liquid  extract  containing  1|  per 
cent,  of  strychnine,  or  \\  grs.  of  strychnine  in  110  minims;  the  Extractum 
Nucis  Vomicae  Fluidum  (U.S.P.)  contains  1'5  per  cent,  of  total  alkaloids. 
The  dose  of  each  is  1  to  3  minims.  Extractum  Nucis  Vomicte  (B.P.) 
is  an  extract  containing  5  per  cent,  of  strychnine,  and  has  about  two-thirds 
the  total  alkaloidal  strength  of  the  extract  of  nux  vomica  of  the  B.P.  of 
1885.  The  Extractum  Nucis  Vomicae  (U.S.P.)  contains  15  per  cent,  of  total 
alkaloids.  The  dose  of  the  B.P.  preparation  is  \  to  1  gr.,  that  of  the  U.S.P. 
preparation  is  rather  less.  Tinctura  Nucis  Vomicaj,  like  the  two  extracts, 
exists  in  both  B.P.  and  U.S.P.,  and  is  standardised  in  both ;  in  the  B.P. 
it  contains  £  per  cent,  of  strychnine,  that  is  \  gr.  in  110  minims,  which  is 
about  twice  as  much  strychnine  as  the  tincture  of  the  B.P.  1885,  while  in 
the  U.S.P.  it  contains  0'3  per  cent,  of  total  alkaloids.  The  dose  of  the 
British  tincture  is  5  to  15  minims,  that  of  the  U.S.P.  is  rather  more. 

ALKALOIDS  OF  Nux  VOMICA. 

STRYCHNINE,  official  in  both  B.P.  and  U.S.P.,  is  a  colourless  and  inodor- 
ous alkaloid,  existing  in  trimetric  prisms ;  very  sparingly  soluble  in  water, 
but  communicating  to  it  an  intensely  bitter  taste.  The  dose  is  ^ 

to  TV  gr- 

STRYCHNINE  HYDROCHLORIDUM,  the  hydrochloride  of  strychnine,  is  the 
official  salt  in  the  B.P.,  while  strychnines  sulphas,  the  sulphate  of  strychnine, 
is  that  adopted  in  the  U.S.P.  Both  are  soluble  in  about  1  in  40  of  water, 
and  form  neutral,  intensely  bitter  solutions.  The  dose  of  each  is  ^V  t°  yV  g1'- 

Liquor  Strychnin*  Hydrochloridi  is  met  with  in  the  B.P.  only,  and  is 
a  solution  of  strychnine  hydrochloride  in  water,  containing  25  per  cent, 
of  alcohol;  110  minims  contain  1  gr.  of  the  hydrochloride,  i.e.  the  solution 
is  of  1  per  cent,  strength. 

The  Syrupus  Ferri  Phosphatis  cum  Quinina  et  Strychnina  of  the  B.P.  is 
represented  in  the  U.S.P.  by  Syrupus  Ferri,  Quininse  et  Strychninse  Phos- 
phatum.  One  fluid  drm.  of  the  B.P.  preparation  represents  1  gr.  of  anhydrous 
ferrous  phosphate,  4  gr.  of  quinine  sulphate,  and  ^V  gr.  of  strychnine; 
whilst  1  fluid  drm.  of  the  U.S.P.  preparation  contains  1  gr.  of  iron 
phosphate,  If  gr.  of  quinine,  and  -£$  gr.  of  strychnine.  Both  preparations 
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are  often  known  as  Easton's  syrup,  Aitkin's  syrup,  or  syrup  of  the  three 
phosphates.  The  dose  of  each  is  \  to  1  fluid  drm.  Many  other  salts 
than  the  hydrochloride  and  sulphate  of  strychnine  have  heen  advised  for 
therapeutic  purposes,  but  none  of  them  have  been  shown  to  have  any  great 
advantages  over  those  which  are  official.  Among  these  salts,  which  are 
occasionally  met  with,  may  be  mentioned  the  acetate,  hydrobromide, 
arseniate,  and  nitrate.  Numerous  double  salts  have  also  been  employed 
to  a  limited  extent  in  therapeutics,  such  as  the  citrate  of  iron  and 
strychnine,  and  the  citrate  of  iron,  quinine,  and  strychnine. 

BRUCINE,  an  alkaloid  found  in  the  seeds  of  Strychnos  mix  vomica,  is 
not  official  in  either  Pharmacopoeia.  It  forms  colourless  crystals,  which 
differ  from  those  of  strychnine  in  being  more  soluble  in  water  and 
alcohol. 

The  crude  preparations  of  mix  vomica  offer  no  difficulties  in  pre- 
scription, and  are  used  especially  when  the  local  effect  on  the  alimentary 
canal  is  desired.  The  alkaloid  is  seldom  prescribed,  as  such,  except  in 
pills.  The  hydrochloride  is  preferable  in  most  circumstances,  and  is 
generally  used  in  the  form  of  the  Liquor.  In  prescribing  the  strychnine 
salts  in  solution,  the  addition  of  alkalies  and  carbonates  must  be  avoided 
as  they  throw  the  strychnine  out  of  solution,  and,  sinking  to  the  bottom  of 
the  bottle,  it  is  all  taken  in  the  last  dose.  If  there  be  some  acid  present 
as  well  as  the  carbonate,  the  precipitate  only  falls  slowly,  as  the  carbonic 
acid  escapes ;  and  this  is  even  more  dangerous,  because  the  mixture  may 
appear  quite  clear  when  dispensed.  Tannic  acid  ought  not  to  be  added 
to  strychnine  solutions,  for  a  similar  reason — the  insoluble  tannate  being 
precipitated.  Strychnine  should  never  be  prescribed  in  the  liquid  form 
with  bromides,  iodides,  or  chlorides,  for  insoluble  strychnine  hydrobromite, 
hydrodite,  or  hydrochlorite  may  be  formed ;  many  cases  of  poisoning  have 
occurred  through  neglect  of  this  precaution.  The  hydrochloride  may  be 
injected  hypodermically  when  rapid  action  is  desired,  but  it  does  not  act 
more  strongly  at  the  point  of  application  than  elsewhere.  For  this  reason 
its  administration  by  instillation  in  the  eye  or  by  being  rubbed  into  the 
skin  of  paralysed  limbs  is  quite  irrational. 

Pharmacology. — Of  the  two  alkaloids,  strychnine  is  much  the  more 
powerful  poison,  some  thirty  times  as  much  brucine  being  necessary  to  elicit 
an  equal  effect ;  and  it  is  accordingly  sufficient  to  describe  the  effects  of 
strychnine,  and  to  indicate  the  features  in  which  brucine  differs  from  it. 
The  crude  preparations  of  nux  vomica  act  in  the  same  way  as  strychnine, 
but  their  effects  are  elicited  more  slowly,  because  the  tannic  acid,  gums, 
and  fats  retard  the  absorption  of  the  alkaloid.  This  is  still  more  marked 
when  the  powdered  bean  is  swallowed,  for  several  hours  may  elapse  before 
any  symptoms  follow  its  ingestion. 

Vertebrates. — The  effects  of  strychnine  are  very  similar  in  all  verte- 
brate animals,  although  some  seem  to  be  more  susceptible  to  its  action  than 
others.  Thus  some  birds  are  said  to  feed  on  the  fruit  of  the  nux  vomica 
tree,  which  contains  strychnine,  but  this  may  be  due  to  their  absorbing  the 
alkaloid  slowly,  rather  than  to  their  possessing  any  tolerance  for  it,  for  it 
appears  to  be  somewhat  slowly  absorbed  from  the  stomach  of  some  other 
animals.  New-born  puppies  are  said  to  tolerate  much  larger  quantities 
than  others  a  few  days  older,  probably  because  the  central  nervous  system 
is  not  sufficiently  developed  to  react  to  the  poison. 

Spinal  Cord. — The  characteristic  action  of  strychnine  is  an  augmenta- 
tion of  the  excitability  of  the  reflexes,  which  is  unaccompanied  by  any 
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marked  alteration  of  the  psychical  functions.      The  action  is  admirably 
illustrated  by  strychnine  poisoning  as  it  occurs  in  man. 

The  symptoms  begin  with  a  sensation  of  stiffness  and  discomfort  in  the 
muscles,  especially  in  those  of  the  head  and  neck,  and  often  with  some 
difficulty  in  respiration,  from  a  sense  of  constriction  of  the  chest.  In  some 
instances,  shooting  pains  like  electric  shocks  are  felt  in  different  parts  of  the 
body.  The  patient  is  easily  startled,  slight  noises  or  light  touches  causing 
sudden  movements  of  much  greater  force  than  they  would  elicit  in  ordinary 
circumstances.  He  is  restless  and  anxious,  but  this,  like  the  constant  move- 
ment of  some  animals  at  this  stage,  may  probably  be  due  to  the  alarm 
caused  by  the  sudden  movements  which  follow  any  external  stimulus, 
rather  than  to  the  poison  acting  directly  on  the  brain. .  In  mild  cases  of 
poisoning  in  man,  this  condition  of  increased  reaction  may  be  accompanied 
by  some  pain  and  involuntary  twitching  in  the  muscles,  but  as  a  general 
rule  all  the  symptoms  pass  off  in  the  course  of  a  few  hours. 

When  the  intoxication  is  more  serious,  the  stiffness  of  the  muscles 
becomes  more  marked,  and  the  head  is  drawn  backwards ;  slight  tremors 
occur  in  different  parts  of  the  body,  and  sudden  twitches  may  be  observed 
in  some  muscles  ;  these  become  more  severe,  and  a  larger  number  of 
muscles  are  involved  in  them,  until  true  tonic  convulsions  are  developed 
at  intervals.  During  these  spasms  all  the  muscles  of  the  body  are  strongly 
contracted,  but  as  a  general  rule  the  extensors  are  more  powerful  than  the 
flexors  in  both  man  and  animals,  so  that  a  very  characteristic  attitude 
(opisthotonos)  is  assumed.  The  head  is  drawn  back,  and  the  muscles  of  the 
back  and  hips  form  the  trunk  into  a  bow,  with  its  concavity  backwards ; 
the  legs  are  also  extended,  so  that  the  patient  is  supported  on  his  head 
and  heels  only.  The  arms  are  flexed,  the  hands  clenched,  the  jaws  tightly 
closed,  and  the  contraction  of  the  facial  muscles  causes  a  ghastly  grin. 
The  eyeballs  are  protruded,  and  the  pupil  is  sometimes  dilated ;  but  this  is 
not  a  constant  feature,  and  is  to  be  attributed  to  the  disorder  of  the 
circulation  and  respiration  rather  than  to  the  direct  action  of  the  alkaloid 
on  the  centres  regulating  the  size  of  the  pupil.*  In  animals  the  same  bow 
form  is  generally  elicited,  but  the  body  is,  as  a  rule,  supported  on  the 
extended  fore-paws  and  the  belly,  while  the  hind-legs  are  stretched  out 
backwards.  In  rare  cases,  in  man,  the  trunk  is  said  to  have  been 
bowed  forwards  (emprosthotonos)  or  to  one  side  (pleurotonos).  These 
spasms  are  developed  gradually  from  the  sudden  twitches  of  the  earlier 
stage  of  poisoning,  and  at  first  are  momentary,  but  soon  become  more 
prolonged,  until  they  may,  it  is  said,  extend  over  several  minutes. 
There  can  be  no  question  that  the  first  paroxysms  follow  some  external 
stimulus,  such  as  a  loud  sound,  a  touch,  or  even  a  bright  light ;  but  after- 
wards the  connection  is  not  so  obvious,  and  at  first  sight  they  may  seem 
to  be  spontaneous.  It  is  probable,  however,  that  in  every  case  the  con- 
traction is  reflex  in  nature,  although  the  stimulus  may  be  so  slight  as  to 
be  imperceptible  to  an  onlooker. 

After  a  variable  time  the  spasm  relaxes,  and  the  patient  lies  still  and 
exhausted ;  but  soon  another  paroxysm  seizes  him,  and  he  is  again  thrown 
into  opisthotonos.  As  a  general  rule,  no  more  than  from  two  to  four 
spasms  are  survived  by  men  and  the  higher  mammals ;  but  in  exceptional 
cases  as  many  as  ten  have  been  observed  in  man  before  the  poison  proved 
fatal.  The  tonic  convulsion  involves  all  the  voluntary  muscles,  including 
those  of  respiration,  and  the  breathing  is  therefore  interrupted  during  the 
paroxysm.  This  leads  to  asphyxia  and  cyanosis,  which  disappears  when 
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the  spasm  relaxes  aiid  the  respiration  is  reinstated.  During  the  intervals 
of  quiescence  the  breathing  is  regular  and  somewhat  quicker  than  usual, 
doubtless  from  the  muscular  exertion  involved  in  the  spasms,  as  well  as 
from  the  direct  stimulation  of  the  respiratory  centre.  In  most  cases  death 
follows  during  a  spasm,  the  respiration  failing  to  return  after  it  passes  off; 
but  occasionally  it  seems  to  be  due  to  a  progressive  paralysis  of  the  central 
nervous  system,  for  the  paroxysms  become  weaker,  and  appear  at  longer 
intervals,  and  the  respiration  becomes  weak  and  ineffective,  and  is  slowly 
extinguished. 

The  consciousness  remains  unimpaired  until  just  before  death  in 
strychnine  poisoning  in  man.  It  is  true  that  it  may  be  temporarily  lost 
during  the  paroxysms,  but  it  returns  as  soon  as  these  relax ;  and  it  is 
obvious  that  the  lapses  of  intelligence  are  due  to  the  interruption  of  the 
respiration  and  to  the  circulatory  disorder  rather  than  to  any  direct  action 
exercised  by  the  poison  on  the  brain.  Severe  pain  is  often  complained  of, 
from  the  extraordinary  violence  of  the  muscular  contractions  during  the 
spasms. 

The  pulse  is  often  somewhat  slowed  in  the  earlier  stages  of  strychnine 
intoxication,  but  is  frequently  accelerated  during  the  intervals  between  the 
spasms,  owing  to  the  muscular  exertion  involved  in  these. 

No  characteristic  appearances  are  presented  post-mortem  in  cases  of 
strychnine  poisoning.  Rigor  mortis  sets  in  very  early,  and  is  very  pro- 
nounced, as  is  generally  the  case  when  death  is  preceded  by  violent 
struggles.  The  convulsive  attitude  is  not  maintained  after  death. 

The  fatal  dose  of  strychnine  in  man  is  said  to  vary  from  \  gr.  to  1^ 
gr.  in  adults,  and  in  one  case  TV  gr.  is  said  to  have  proved  fatal  to  a  child ; 
but  no  great  reliance  can  be  placed  on  these  estimates,  because  commercial 
strychnine  often  contains  considerable  quantities  of  the  much  less  poisonous 
brucine.  Symptoms  make  their  appearance  at  very  variable  intervals 
after  the  administration  of  the  poison ;  for  instance,  they  have  been  seen 
after  five  minutes  in  cases  in  which  the  soluble  salts  were  ingested,  while 
in  others  in  which  the  powdered  bean  was  swallowed  no  distinct  effects 
were  observed  imtil  after  several  hours.  When  a  very  large  quantity  of  a 
soluble  salt  is  taken,  it  may  prove  fatal  within  a  few  minutes  of  the  onset 
of  symptoms,  while  in  other  conditions  death  may  occur  only  after  several 
hours  of  suffering. 

The  lower  vertebrates  react  to  strychnine  in  the  same  way  as  the 
mammals ;  but  in  the  cold-blooded  animals  the  respiration  may  be  inter- 
rupted without  fatal  consequences,  and  it  is  accordingly  found  that  small 
doses  of  strychnine  cause  spasms  in  the  frog,  which  recur  in  indefinite 
numbers  and  for  many  hours.  These  animals  die,  not  from  the  sudden 
failure  of  the  respiration,  but  from  a  gradual  paralysis  of  the  central 
nervous  system  ;  but  even  after  total  paralysis  has  lasted  for  several 
hours,  they  often  recover,  as  the  poison  is  eliminated,  a  second  stage 
of  convulsions  intervening  before  complete  restitution  to  the  normal 
condition. 

It  was  early  recognised  that  the  chief  seat  of  action  of  strychnine  lay 
in  the  spinal  cord,  for  Magendie  demonstrated  that  division  of  a  motor 
nerve  prevents  the  corresponding  limb  from  being  involved  in  the  spasm, 
while  ligature  of  the  artery  in  the  frog  fails  to  do  so,  although  the  poison 
is  thus  prevented  from  reaching  the  peripheral  nerves  and  muscles.  The 
convulsions  are  not  prevented  in  the  frog  by  division  of  the  medulla 
oblongata  and  destruction  of  the  brain,  so  that  the  spinal  cord  is  obviously 
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capable  of  developing  these  without  the  co-operation  of  the  higher  divisions 
of  the  central  nervous  system.  This  experiment  also  demonstrates  that 
the  spasms  are  not  due  to  the  poison  reducing  the  activity  of  the  so-called 
centres  of  Setschenow,  which  were  supposed  to  be  situated  in  the  brain, 
and  to  inhibit  the  reflex  activity  of  the  spinal  cord. 

The  spinal  cord  alone  is  not  capable  of  generating  the  strychnine 
spasms,  however,  for  it  is  found  that  if  all  the  sensory  impulses  are  pre- 
vented from  reaching  it,  no  convulsions  are  caused  by  the  poison.  This 
may  be  demonstrated  in  the  frog  by  dividing  all  the  posterior  roots  as  they 
enter  the  cord,  or  by  paralysing  the  cutaneous  sensory  organs  by  the 
application  of  a  dilute  solution  of  cocaine  to  the  skin.  When  this  is  done, 
the  animal  is  not  thrown  into  convulsions  by  strychnine,  but  lies  quite 
still,  though  a  true  tetanic  spasm  may  be  elicited  by  a  stimulus  applied  to 
the  posterior  root.  The  strychnine  convulsion  is  therefore  due  to  some 
alteration  in  the  spinal  cord  induced  by  the  poison,  but  only  occurs  when 
a  sensory  impression  reaches  the  cord.  The  sensory  nerves  do  not  seem 
to  be  altered  by  strychnine ;  for,  when  the  poison  is  excluded  from  a  limb 
by  a  ligature  around  the  artery,  irritation  of  the  unpoisoned  foot  causes  a 
spasm  as  readily  as  that  of  the  other  to  which  the  poison  has  free  access. 

The  strychnine  spasm  being  thus  shown  to  be  reflex  in  origin,  it 
remains  to  examine  how  it  differs  from  the  ordinary  reflex  movement ; 
and  as  these  spasms  are  practically  identical  in  character  throughout  the 
vertebrate  class,  it  is  sufficient  to  investigate  them  in  the  frog,  in  which 
they  can  be  elicited  for  a  longer  time  than  in  warm-blooded  animals.  The 
most  striking  features  in  the  reaction  of  the  poisoned  frog  to  irritation  are 
the  strength  of  the  movement,  its  uniformity  whatever  part  of  the  body  be 
irritated,  and  the  complete  absence  of  purpose  displayed.  In  the  ordinary 
reflex  frog,  irritation  of  a  foot  is  followed  by  the  withdrawal  of  that  foot, 
irritation  of  the  skin  of  the  abdomen  by  a  movement  designed  to  remove 
the  irritant.  In  the  poisoned  frog  the  movement  is  the  same  whatever 
part  of  the  body  is  irritated,  and,  far  from  the  limb  being  withdrawn  from 
the  irritant,  it  may  be  pushed  more  strongly  against  it.  In  the  ordinary 
reflex  certain  definite  muscles  are  involved,  while  the  others  remain  passive. 
For  instance,  on  a  foot  being  irritated,  the  flexors  of  the  knee  contract, 
while  the  extensors  remain  relaxed.  After  strychnine,  however,  all  the 
muscles,  flexors  and  extensors,  are  contracted,  and  the  movement  resulting 
is  determined  by  their  relative  strength.  As  regards  the  strength  of  the 
reflex  movement,  this  depends  in  the  unpoisoned  frog  on  the  degree  of 
irritation,  whereas  in  the  poisoned  frog  the  strength  of  the  spasmodic 
contraction  is  constant,  however  much  the  irritation  may  be  augmented. 
In  the  unpoisoned  frog,  an  impression  from  the  foot  passing  up  to  the 
spinal  cord  apparently  follows  a  definite  course,  and,  affecting  a  certain 
number  of  motor  cells,  causes  the  discharge  of  impulses  of  definite 
strength  to  a  limited  number  of  muscle  fibres.  Severe  irritation  leads 
to  more  motor  cells  being  involved,  and  to  the  efferent  impulses  being 
stronger  and  setting  a  larger  number  of  muscles  in  motion.  In  the 
poisoned  frog,  on  the  other  hand,  the  impression  reaching  the  cord  seems 
to  affect  all  the  motor  cells  equally,  and  the  impulses  sent  out  are  the 
strongest  of  which  the  cord  is  capable  at  the  time,  and  affect  all  the 
muscle  fibres.  In  other  words,  the  normal  impression  passes  along  a 
definite  track  of  least  resistance  in  the  cord,  although  in  the  case  of  strong 
impressions  this  is  wider  than  for  weak  ones ;  but  after  strychnine  all 
paths  are  equally  devoid  of  resistance,  and  the  impression  is  diffused  along 
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all  of  them.  It  is  of  no  moment  by  which  nerve  fibres  the  impression 
reaches  the  cord;  it  passes  equally  along  all  the  paths,  and  thus,  from 
whatever  part  of  the  periphery  it  arises,  it  causes  the  same  reflex  contrac- 
tion of  all  the  muscles. 

These  statements  require  some  qualification,  however,  for  it  is  found 
that  certain  forms  of  irritation  fail  to  induce  spasms.  For  instance,  if  the 
foot  of  a  frog  poisoned  with  strychnine  be  irritated  by  dipping  it  in  a  very 
dilute  acid  solution,  it  is  often  withdrawn  in  the  same  way  as  that  of  an 
unpoisoned  animal,  although  immediately  afterwards  a  spasm  may  follow, 
apparently  because  the  movement  of  the  limb  causes  sufficient  jar  to  elicit 
tetanus.  Similarly,  it  has  been  remarked  that  in  persons  poisoned  with 
strychnine,  gentle  friction  of  the  back  of  the  neck  relieves  the  pain  and 
distress  instead  of  causing  a  paroxysm.  In  order  to  induce  a  tetanic 
spasm,  the  impression  must  be  sudden,  as  a  gradually  augmented  stimulus 
may  be  followed  by  an  ordinary  reflex.  In  other  words,  a  weak  impulse 
may  be  reflected  along  the  ordinary  paths,  while  a  stronger  is  diffused 
throughout  the  cord.  It  is  sometimes  stated  that  chemical  irritation  is 
incapable  of  inducing  tetanic  paroxysms,  but  this  is  incorrect,  for  a  solution 
sufficiently  strong  to  arouse  a  sudden  impression  causes  a  spasm  as  readily 
as  mechanical  or  electrical  stimuli,  although  the  slower  action  of  a  dilute 
solution  is  insufficient  to  do  so.  Very  slight  mechanical  stimulation  is 
similarly  incapable  of  causing  spasms. 

The  reflex  time,  or  the  interval  which  elapses  between  the  irritation 
and  the  reflex  movement,  is  said  to  be  shortened  by  strychnine,  but  the 
measurements  have  almost  always  been  made  by  means  of  chemical 
irritation,  so  that  no  satisfactory  inference  can  be  drawn  from  them. 

The  essential  feature  of  strychnine  poisoning  is  thus  the  removal  of 
resistance  to  the  passage  of  impressions  along  the  reflex  arc.  This 
alteration  obviously  takes  place  in  the  spinal  cord,  for  the  tetanus  is 
elicited  readily  by  impulses  from  a  limb  to  which  the  poison  has  not 
penetrated,  so  that  the  peripheral  sensory  and  motor  mechanisms  are  not 
directly  affected.  The  cells  of  the  posterior  root  ganglion  may  also  be 
excluded  from  consideration,  for  though  it  is  true  that  no  spasm  occurs 
when  all  the  posterior  roots  are  divided,  yet  a  typical  tetanus  may  be 
caused  by  stimulation  of  the  central  end  of  a  divided  root  between  the 
ganglion  and  the  cord.  The  seat  of  action  of  strychnine  is  thus  shown 
to  be  situated  in  the  spinal  cord  itself,  and  might  be  conceived  to  be 
either  the  motor  cells  of  the  anterior  horn,  the  terminations  of  the  reflex 
arc  (dendrites)  around  them,  or  some  structure  intermediate  between 
these  and  the  sensory  roots.  There  is  some  evidence  which  tends  to 
exclude  the  first  two  alternatives,  although  the  question  cannot  as 
yet  be  said  to  be  definitely  decided.  In  the  first  place,  it  has  been 
shown  that  no  tetanus  occurs  if  sensory  impressions  are  excluded  from 
the  cord  by  section  of  the  posterior  roots,  or  by  paralysing  the  peripheral 
sensory  organs ;  and  it  might  be  argued  that  if  the  motor  cells  were  the 
seat  of  the  alteration,  they  would  cause  tetanus  by  sending  out  impulses 
without  first  being  set  in  motion  by  impressions  from  without.  But  it 
may  be  urged  that  there  is  no  evidence  that  the  cells  of  the  anterior  horn 
are  capable  of  spontaneous  activity,  for,  as  far  as  is  known,  they  emit 
impulses  only  when  they  receive  impressions  from  the  brain,  or  from  the 
sensory  roots  of  the  cord ;  on  the  other  hand,  the  mere  fact  that  one  of 
the  features  of  the  intoxication  is  the  increased  strength  of  the  efferent 
impulses,  seems  a,  priori  evidence  that  the  motor  cells  are  affected  by 
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the  poison.  If,  however,  it  can  be  shown  that  the  characteristic  features 
of  strychnine  poisoning  are  elicited  in  muscles  whose  motor  cells  are 
certainly  not  acted  on  by  the  poison,  some  other  part  of  the  arc  must 
be  regarded  as  the  seat  of  the  alteration.  And  this  can  be  done  by  the 
following  experiment : — The  brain  and  the  circulation  of  a  large  frog  are 
destroyed,  and  the  spinal  canal  is  laid  open  until  the  large  nerve  trunks 
supplying  the  fore-limbs  are  exposed.  A  dilute  solution  of  strychnine 
nitrate  is  then  dropped  on  the  upper  part  of  the  cord,  and  the  skin  of 
the  fore-legs  is  pinched  at  intervals.  Very  soon  the  reflex  is  seen  to  be 
exaggerated,  and  eventually  typical  strychnine  spasms  follow  each  time 
the  fore-leg  is  touched,  these  spasms  involving  not  only  the  fore-limbs, 
but  also  the  whole  trunk  and  the  hind-limbs.  If  now  the  animal  be 
allowed  to  rest  a  moment,  and  then  the  hind- foot  be  touched,  no  tetanus 
is  elicited,  but  the  hind-foot  is  withdrawn  as  in  a  normal  animal.  Yet  if 
the  fore-foot  be  pinched  again,  the  hind-leg  is  involved  in  the  tetanus  as 
before,  and  this  alternation  of  spasm  and  ordinary  reflex  may  be  repeated 
for  some  time  by  touching  first  the  fore-  and  then  the  hind-foot.  Similar 
results  are  obtained  if  the  lower  part  of  the  cord  be  exposed  to  the  poison, 
while  the  upper  part  is  unaffected ;  irritation  of  the  hind-foot  then 
causes  general  tetanus,  which  includes  the  muscles  of  the  fore-legs,  while 
irritation  of  the  latter  is  followed  by  a  normal  reflex,  or  by  no  movement 
at  all. 

In  the  first  experiment  the  absence  of  tetanus,  when  the  hind-leg  is 
irritated,  indicates  that  the  reflex  arc  between  the  sensory  organs  of  the 
hind-foot  and  the  muscles  of  the  hind-limb  is  unaffected  by  the  poison ; 
but,  on  the  other  hand,  the  reflex  arc  between  the  sensory  organs  of  the 
fore-limb  and  the  muscles  of  the  hind-limb  is  obvkmsly  involved  in  its 
action,  for  the  ordinary  symptoms  of  poisoning  are  elicited.  The  difference 
in  the  character  of  the  reflexes  which  travel  by  the  two  arcs  is  therefore 
due  to  alterations  in  the  part  which  is  not  common  to  both  of  them,  that 
is,  to  some  other  part  than  the  cells  of  the  anterior  horn  and  the  dendrites 
surrounding  them.  In  other  words,  strychnine  removes  resistances 
which  normally  oppose  the  passage  of  impulses  somewhere  between  the 
point  at  which  the  centripetal  fibres  enter  the  cord  and  the  motor  cells, 
but  does  not  seem  to  act  upon  the  motor  cells  of  the  anterior  horn,  nor 
upon  those  of  the  posterior  root  ganglion.  The  probability  seems  to  be, 
that  it  affects  chiefly  some  cells  intercalated  between  these  structures. 

The  stimulation  of  the  cord  is  followed  by  depression  and  paralysis  in 
cold-blooded  animals,  but  this  phase  is  rarely  met  with  in  the  mammals, 
in  which  death  generally  occurs  from  the  failure  of  the  respiration  during 
a  spasm.  It  has  been  stated  that  even  during  the  convulsive  stage,  some 
evidence  of  depression  may  be  observed  in  the  frog,  which  lies  prostrate 
and  motionless  in  the  quiescent  intervals,  but  this  may  be  due  to  the 
muscular  and  nervous  exhaustion  rather  than  to  any  direct  depressant 
action  of  the  drug.  At  the  same  time,  it  is  not  impossible  that  one  part 
of  the  spinal  cord  (e.g.  the  motor  cells)  may  be  depressed  while  another  is 
stimulated  by  the  poison.  But  the  evidence  for  this  would  have  to  be  much 
stronger  than  that  hitherto  brought  forward,  in  order  to  be  convincing. 

The  cells  of  the  anterior  horn  are  said  to  present  some  histological 
alterations  in  animals  poisoned  with  strychnine,  but  these  are  also  induced 
by  electrical  stimulation,  and  may  be  indications  of  unusual  activity 
rather  than  of  a  direct  action  of  the  poison  on  them. 

Medulla.— Although  the   spinal   cord   is   the  chief   seat  of  action  of 
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strychnine,  the  rest  of  the  central  nervous  system  is  also  involved  to  some 
extent.  The  centres  in  the  medulla  oblongata  are  thrown  into  a  state  of 
exaggerated  activity,  as  is  demonstrated  by  the  changes  in  the  breathing, 
in  the  rhythm  of  the  heart,  and  in  the  arterial  tension.  The  centres  co- 
ordinating the  function  of  emesis  may  also  be  stimulated  by  strychnine, 
for  in  some  instances  vomiting  has  been  observed,  even  when  the  poison 
was  injected  hypodermically,  and  local  irritation  of  the  stomach  could 
thus  be  excluded.  In  other  cases,  preparations  given  by  the  mouth  have 
induced  nausea  and  vomiting,  apparently  from  gastric  irritation,  which 
was  further  indicated  by  lasting  abdominal  discomfort.  The  action  on 
the  medulla  oblongata  appears  to  be  very  similar  to  that  on  the  cord, 
consisting  in  an  augmented  sensibility  to  sensory  impressions ;  the  altera- 
tion in  the  respiration  and  in  the  vascular  centres  may  thus  be  attributed 
to  the  centres  reacting  more  strongly  to  the  impulses  which  they  receive 
from  the  periphery,  rather  than  to  their  developing  automatic  activity. 
It  is  stated  that,  after  the  respiratory  centre  in  the  medulla  is  destroyed 
in  young  animals,  strychnine  sometimes  causes  feeble  and  inefficient 
breathing,  and  this  is  ascribed  to  its  acting  upon  the  lower  rudimentary 
respiratory  centres  of  the  cord. 

Cerebrum. — The  cerebral  nerve  cells  also  seem  to  be  involved  in  the 
action  of  strychnine,  for  it  has  been  demonstrated  that  small  quantities 
render  the  special  senses  more  acute  than  normally.  The  most  satisfactory 
evidence  is  derived  from  measurements  of  the  acuteness  of  vision,  particularly 
of  colour  vision,  under  strychnine.  Dreser  showed  that  when  the  polariscope 
is  rotated  until  the  normal  eye  can  detect  no  difference  in  the  shades  of 
colour  of  the  two  segments,  a  person  under  the  influence  of  a  small  dose 
of  strychnine  can  still  distinguish  them.  The  field  of  vision  is  also  said 
to  be  enlarged  by  the  use  of  strychnine,  and  distant  objects  are  said  to  be 
seen  more  distinctly,  but  both  of  these  statements  appear  to  require  further 
confirmation.  Others  have  found  the  senses  of  smell  and  hearing  rendered 
more  acute,  but  it  is  difficult  to  estimate  exactly  the  delicacy  of  these 
functions.  According  to  an  early  author,  odours  that  are  ordinarily  offen- 
sive are  rendered  agreeable  by  strychnine  in  some  instances.  It  seems 
to  be  established  satisfactorily  that  the  sense  of  touch  is  more  acute  than 
usual,  for  it  has  been  found  that  when  the  sharp  points  of  a  pair  of 
compasses  are  applied  to  the  skin  at  such  a  short  interval  that  a  normal 
individual  recognises  only  a  single  contact,  the  administration  of  strych- 
nine enables  him  to  distinguish  two  separate  points.  It  has  not  yet  been 
finally  determined  that  these  effects  of  strychnine  on  the  senses  are  due 
to  cerebral  action,  and  it  is  conceivable  that  they  may  be  really  caused  by 
alterations  in  the  peripheral  organs  in  the  retina,  ear,  or  nose.  If  the 
action  is  cerebral,  it  is  apparently  confined  to  certain  functions  of  the 
brain,  for  strychnine  does  not  seem  to  have  any  distinct  action  on 
intellectual  operations;  as  far  as  is  known,  it  does  not  increase  the 
capacity  for  work,  nor  relieve  fatigue  and  drowsiness  as  caffeine  and 
similar  cerebral  stimulants  do. 

Its  effects  on  the  motor  areas  of  the  cortex  are  still  a  matter  of 
dispute,  for,  while  one  investigator  found  their  irritability  as  estimated 
by  electrical  stimulation  increased,  another  found  it  diminished,  and  a 
third  states  that  it  is  augmented  except  during  the  convulsions,  when  it 
is  very  low  or  entirely  in  abeyance. 

Heart. — The  action  of  strychnine  on  the  circulation  is  only  imperfectly 
understood  at  present.  The  rhythm  of  the  heart  is  often  somewhat 


284  NUX  VOMICA. 

slower  in  mammals  to  which  a  small  dose  of  strychnine  has  been  admini- 
stered, and  this  is  shown  to  be  due  to  the  exaggerated  activity  of  the 
inhibitory  centre,  for  division  of  the  vagi  restores  the  normal  rate,  and 
if  the  inhibition  be  prevented  by  division  of  these  nerves  or  by  atropine 
before  the  strychnine  is  injected,  no  alteration  of  the  pulse  rate  is  ob- 
served. This  inhibitory  action  is  not  often  elicited  in  the  frog,  because 
in  these  animals  the  cardiac  inhibitory  centre  appears  to  be  excited  only 
with  great  difficulty.  Ordinarily  but  little  change  is  observed  in  the 
rhythm  of  the  frog's  heart,  from  the  injection  of  moderate  quantities  of 
strychnine;  very  large  amounts  weaken  and  slow  the  contractions,  but 
this  is  caused  by  large  amounts  of  almost  any  alkaloid,  and  indeed  of 
many  almost  indifferent  substances.  Brunton  and  Cash  ascribe  a  special 
stimulant  action  on  the  frog's  heart  to  strychnine  ;  they  found  that  when 
a  ligature  was  tied  round  the  venous  sinus  of  a  frog  poisoned  with  strych- 
nine, it  did  not  arrest  the  contractions,  as  in  the  unpoisoned  frog ;  and, 
conversely,  that  when  the  heart  in  an  unpoisoned  frog  had  been  arrested 
by  this  ligature,  the  pulsations  could  be  restored  by  the  injection  of 
strychnine.  The  mammalian  heart  is  not  affected  directly  by  strychnine, 
for  when  the  inhibition  is  prevented,  even  very  considerable  quantities 
have  no  effect  on  the  rhythm,  the  strength  of  contraction,  or  the  extent 
of  relaxation.  Enormous  quantities,  such  as  paralyse  the  central  nervous 
system  and  necessitate  the  use  of  artificial  respiration,  are  said  to  paralyse 
the  terminations  of  the  inhibitory  nerves  in  the  heart. 

In  some  cases  of  poisoning  in  man,  the  pulse  is  said  to  have  dis- 
appeared during  the  spasms.  It  is  conceivable  that  this  may  have  arisen 
from  the  powerful  inhibition  arresting  the  heart ;  but  it  is  possible  that 
the  contractions  may  have  continued,  but  could  not  be  felt  at  the  wrist, 
because  the  arteries  were  constricted  through  vasomotor  stimulation,  or 
because  the  contracting  muscles  compressed  the  vessels. 

Blood  vessels. — The  blood  pressure  is  increased  by  comparatively  small 
quantities  of  strychnine,  such  as  are  unable  to  appreciably  augment  the 
muscular  reflexes.  This  is  not  due  to  any  change  in  the  efficiency  of  the 
heart,  nor  to  the  vessels  being  acted  on  directly,  but  to  a  constriction  of 
the  smaller  arterioles,  from  the  stimulation  of  the  vasomotor  centre,  which 
reacts  more  strongly  than  usual  to  the  stimuli  which  are  constantly 
reaching  it  from  the  periphery.  This  constriction  is  not  universal,  how- 
ever, for  the  arteries  of  the  skin  and  visible  mucous  membranes,  and 
probably  those  of  the  muscles,  seem  to  be  dilated,  presumably  because 
the  vaso-dilator  centre  controlling  their  calibre  is  stimulated  in  the  same 
way  as  the  vaso-constrictor  centre  of  the  internal  organs.  Strychnine 
therefore  increases  the  arterial  tension,  and  also  tends  to  alter  the  dis- 
tribution of  the  blood  in  the  tissues,  increasing  the  supply  of  the  skin, 
and  lessening  that  of  the  internal  organs. 

When  strychnine  is  given  in  sufficient  quantities  to  elicit  convulsions, 
these  are  accompanied  by  very  marked  and  sudden  augmentations  of  the 
blood  pressure.  These  may  be  partly  accounted  for  by  the  rigid  contrac- 
tion of  the  muscles  compressing  the  vessels  and  hindering  the  passage  of 
the  blood,  and  by  the  blood  being  expelled  from  the  abdominal  organs 
through  their  compression  by  the  muscular  walls;  but  sudden  changes 
in  the  blood  pressure  are  also  seen  in  animals  poisoned  with  strychnine, 
but  prevented  from  undergoing  muscular  spasms  by  the  administration 
of  curara,  and  in  these  cases  they  must  be  ascribed  to  a  vasomotor  spasm 
similar  to  those  described  in  the  spinal  cord. 
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When  sufficient  strychnine  is  given  to  depress  and  paralyse  the  spinal 
cord,  the  vasomotor  centre  shares  its  fate,  and  the  blood  pressure  falls 
from  the  consequent  dilatation  of  the  vessels. 

Respiration. — The  respiration  is  accelerated  by  small  doses  of  strychnine, 
which  increase  the  susceptibility  of  the  centre  to  impressions  carried  to  it 
from  the  periphery.  When  convulsions  supervene,  the  breathing  is  inter- 
rupted, from  the  respiratory  muscles  being  involved  in  the  spasms,  and 
marked  cyanosis  indicates  the  lack  of  oxygen  in  the  blood ;  but  as  soon  as 
an  interval  of  rest  follows,  the  respiration  returns,  and  is  at  first  rapid  and 
dyspnoeic  from  the  preceding  muscular  exertion.  As  a  general  rule,  death 
occurs  in  the  higher  mammals  from  the  respiration  failing  to  be  reinstated 
after  a  spasm,  but  occasionally  the  centre  is  slowly  depressed  and  ultimately 
paralysed  along  with  the  rest  of  the  central  nervous  system.  In  every 
case  the  respiratory  failure  is  the  cause  of  death,  for  the  heart  continues 
to  beat  for  some  time  afterwards. 

Muscle. — Strychnine  has  little  direct  action  on  the  muscular  tissues, 
for  though  it  is  stated  that  the  latent  period  of  muscle  is  shortened  by  it, 
this  appears  to  require  further  confirmation.  A  muscle  suspended  in  a 
solution  of  a  strychnine  salt  dies  sooner  than  one  in  physiological  salt 
solution,  but  this  is  nothing  characteristic  of  this  alkaloid,  for  it  is  shared 
by  most  other  bodies. 

Peripheral  nerves. — The  peripheral  nerves  do  not  seem  to  be  affected 
appreciably  by  strychnine.  This  has  been  demonstrated  for  the  sensory 
nerves  and  end  organs  when  we  discussed  the  action  on  the  cord,  but  it 
is  equally  true  for  the  motor  nerve  trunks.  The  terminations  of  the 
motor  nerves  in  muscle,  on  the  other  hand,  are  paralysed  by  strychnine  in 
large  quantities.  This  paralysis  is  not  complete  in  mammals  even  after 
very  large  doses,  such  as  are  more  than  sufficient  to  paralyse  the  central 
nervous  system,  but  is  a  constant  feature  in  some  species  of  frogs,  in  which 
the  final  quiescence  is  due,  not  to  paralysis  of  the  spinal  cord,  but  to  the 
motor  nerve  ends  failing  to  transmit  to  the  muscles  the  impulses  from  the 
nerve  cells.  In  other  species  the  spinal  cord  is  paralysed  before  the 
muscular  terminations  are  much  affected.  In  this  connection  it  is  of 
interest  to  find  that  curara,  a  poison  characterised  by  its  action  on  the 
terminations  of  the  motor  nerves  in  striated  muscle,  is  obtained  from  a 
species  of  strychnos,  and  also  acts  on  the  spinal  cord  similarly  to  strychnine. 
The  two  poisons  therefore  act  on  the  same  organs  and  affect  them  in  the 
same  way,  but  differ  in  that  strychnine  affects  the  spinal  cord  primarily 
and  paralyses  the  motor  ends  only  under  exceptional  circumstance's,  while 
the  action  of  curara  is  primarily  directed  to  the  nerve  ends,  and  its  effects 
on  the  spinal  cord  are  elicited  only  by  very  large  doses  and  are  of  relatively 
little  importance. 

Metabolism. — Strychnine,  in  increasing  the  movements  of  the  body, 
naturally  augments  the  oxidation,  and  the  amount  of  oxygen  absorbed  and 
of  carbonic  acid  excreted  by  the  lungs  shows  a  corresponding  rise.  This 
is  not  due  to  any  direct  action  exercised  by  it  on  the  metabolism  of  the 
cells,  but  to  the  spasmodic  contractions  arising  from  the  changes  in  the 
central  nervous  system.  Even  in  the  curarised  animals,  in  which  no 
muscular  spasms  are  induced  by  strychnine,  its  injection  is  followed  by 
a  very  considerable  increase  in  the  carbonic  acid  excreted,  apparently  from 
the  energy  spent  in  constricting  the  walls  of  the  arterioles  through  the 
stimulation  of  the  vasomotor  centre. 

The  great  draught  made  upon  the  resources  of  the  tissues  during  the 
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strychnine  spasms  leads  to  the  exhaustion  of  the  more  readily  available 
supplies  of  energy,  and  the  glycogen  of  the  liver  and  of  the  muscles  is 
accordingly  found  to  be  reduced  to  a  very  small  quantity,  or  may  even 
disappear  entirely  in  an  animal  in  which  the  spasms  have  been  of  some 
duration.  Sugar  is  found  in  the  urine  in  a  considerable  proportion  of 
experiments  in  animals,  and  this  was  at  one  time  supposed  to  be  due 
to  some  specific  action,  but  has  more  recently  been  shown  to  be  caused 
by  partial  asphyxia,  any  agency  which  renders  insufficient  the  supply  of 
oxygen  to  the  tissues  tending  to  induce  some  glycosuria. 

Temperature. — The  muscular  exertion  involved  in  even  a  weak  strych- 
nine paroxysm  must  increase  considerably  the  formation  of  heat  in  the 
body,  and  the  augmented  excretion  of  carbonic  acid  confirms  the  surmise 
that  the  combustion  of  the  tissues  is  accelerated.  It  was  therefore 
surmised  that  strychnine  increased  the  temperature,  and  this  has  been 
generally  stated  as  an  obvious  fact,  although  no  observations  have  been 
made  in  regard  to  this  point  until  comparatively  recently.  In  a  certain 
number  of  experiments  on  animals,  the  thermometer  indicates  an  increase 
in  the  internal  temperature  under  the  action  of  strychnine,  but  this  is  by 
no  means  an  invariable  accompaniment  of  even  severe  spasm.  The  heat 
formation  is  undoubtedly  largely  increased,  but  in  some  animals,  such  as 
rabbits  and  cats,  this  is  apparently  counterbalanced  by  a  more  rapid 
heat  dissipation,  for  no  fever  temperature  is  noted,  and  in  some  experi- 
ments a  slight  fall  in  the  internal  temperature  has  been  observed.  These 
facts  seem  to  indicate  that  the  apparatus  for  the  regulation  of  the  tem- 
perature is  not  disorganised  by  strychnine  action,  but  reacts  to  the 
increased  heat  production  by  an  accelerated  dissipation  through  the  skin. 
It  has  been  stated  already  that  some  observers  have  recorded  a  dilatation 
of  the  cutaneous  vessels  under  strychnine,  and  have  referred  it  to  the  in- 
creased activity  of  the  vaso-dilator  centres.  It  is  possible  that  these  are 
not  acted  on  directly  by  the  poison,  but  are  put  in  action  through  the  heat- 
regulating  apparatus,  in  its  efforts  to  eliminate  the  excess  of  heat  produced. 

Secretions. — The  secretions  are  not  affected  directly  by  strychnine,  for 
though  the  urine  is  diminished  in  some  cases,  this  appears  to  be  caused 
by  the  constriction  of  the  renal  arterioles,  which  allows  less  blood  to  cir- 
culate through  the  kidneys.  Frequent  micturition  is  sometimes  observed, 
from  its  action  on  the  spinal  cord  rendering  the  nervous  apparatus  more 
sensitive  to  the  presence  of  urine  in  the  bladder. 

Skin. — Strychnine  possesses  little  local  action,  and  although  it  is  stated 
that  in"  some  instances  redness  and  itching  followed  its  application  to  a 
wounded  surface,  it  may  fairly  be  questioned  whether  the  pure  salt  was 
used  in  those  cases. 

Gastro-intestinal  tract. — Strychnine  is  an  extremely  bitter  substance, 
1  part  in  600,000  parts  of  water  sufficing  to  give  a  distinct  taste,  and  it 
is  accordingly  used  to  a  very  considerable  extent  as  a  bitter  stomachic. 
It  has  probably  no  specific  action  on  the  alimentary  canal,  but  affects  it 
in  the  same  way  as  gentian  and  other  similar  bodies,  by  increasing  the 
appetite  and  augmenting  the  secretion  of  the  gastric  juice  reflexly. 

Elimination. — Strychnine  is  eliminated  unchanged,  for  the  most  part, 
in  the  urine ;  in  traces,  it  is  said,  in  the  milk  and  saliva.  It  is  possible 
that  some  is  retained  for  some  time  in  the  liver,  but  this  has  not  been  so 
firmly  established  for  strychnine  as  for  some  other  alkaloids.  It  appears 
in  the  urine  in  less  than  an  hour  after  its  ingestion,  but  the  excretion  lasts 
a  long  time,  for  traces  are  said  to  have  been  recovered  from  the  urine 
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a  week  after  the  administration.  This  slow  excretion  accounts  for  the 
appearance  of  cumulative  action  in  some  cases  where  the  alkaloid  is  given 
repeatedly  in  large  therapeutic  doses ;  far  more  is  absorbed  than  is  ex- 
creted, and  the  increasing  quantity  in  the  tissues  ultimately  gives  rise 
to  symptoms  of  poisoning.  Even  its  prolonged  administration  does  not 
induce  any  tolerance. 

Invertebrates. — The  action  of  strychnine  on  the  nervous  centres  is  so 
powerful  in  the  vertebrates,  that  it  proves  fatal  before  enough  of  the  poison 
is  absorbed  to  affect  the  other  tissues  of  the  body.  In  organisms  devoid  of 
nervous  structures,  however,  strychnine  is  seen  to  act  more  generally  on 
living  matter.  It  affects  the  amreba  and  the  other  protozoa  and  the 
leucocytes  of  the  higher  animals  in  the  same  way  as  quinine,  although  less 
strongly,  and  Brunton  states  that  it  retards  the  oxidation  changes  of 
vegetable  protoplasm  even  more  distinctly.  Its  action  on  the  lowly 
organised  medusee  has  been  studied  by  liomanes,  who  states  that  it 
resembles  that  observed  in  the  vertebrates.  For  instance,  the  regular 
pulsating  movements  of  Cyanea  capillata  are  interrupted  by  irregularities 
and  by  well-marked  convulsive  attacks  with  intervals  of  quiescence.  In 
other  species  no  complete  convulsions  were  observed,  but  periods  of 
accelerated  movements  alternated  with  others  of  quiescence,  and  in  others 
a  distinct  increase  in  the  reflex  irritability  could  be  elicited.  The  higher 
invertebrates  seem  to  be  more  tolerant  of  the  action  of  strychnine,  for 
although  the  Ascarides  and  some  of  the  Lamellibranchs  are  said  to  move 
more  rapidly  under  its  action,  the  snail  and  the  insects  are  scarcely  affected 
by  it  at  all.  The  question  may  therefore  be  raised,  whether  in  the  inver- 
tebrates strychnine  really  acts  upon  the  nervous  structures  as  in  the 
mammals,  or  whether  tke  whole  of  the  phenomena  are  not  really  due  to 
the  general  action  on  protoplasm  seen  in  the  amoeba  and  the  leucocytes. 

Antagonists. — Anything  that  reduces  the  irritability  of  the  spinal 
cord  and  medulla  oblongata  tends  to  antagonise  the  action  of  strychnine, 
larger  quantities  of  which  are  accordingly  required  after  such  bodies  as 
chloroform,  ether,  alcohol,  or  chloral.  On  the  other  hand,  strychnine 
restores  to  some  extent  the  reflex  irritability  when  it  is  reduced  by  these 
poisons,  the  antagonism  being  mutual  as  far  as  the  spinal  cord  and  medulla 
oblongata  are  concerned.  Very  large  quantities  of  strychnine,  which  alone 
are  sufficient  to  paralyse  the  nervous  centres,  naturally  fail  to  antagonise 
the  action  of  the  depressants,  and  rather  act  along  with  them  and  exaggerate 
their  effects.  Some  question  has  arisen  as  to  how  far  artificial  respiration 
lessens  the  tendency  to  convulsions  under  strychnine ;  according  to  most 
authors,  it  has  some  influence  on  them,  but  Buchheim  states  that  the  same 
effect  is  obtained  by  any  other  rhythmical  movement,  the  supply  of  oxygen 
not  being  the  essential  feature  apparently. 

Toxicology. — This  has  been  fully  discussed  when  describing  the  action 
of  strychnine  (see  p.  278). 

Diagnosis. — Strychnine  poisoning,  or  nux  vomica  poisoning,  which  is 
practically  identical  with  it,  except  that  it  progresses  somewhat  more 
slowly,  is  liable  to  be  mistaken  for  traumatic  tetanus,  but  can  generally  be 
diagnosed  without  difficulty.  In  the  latter  there  is  generally  a  distinct 
history  of  a  wound,  and  the  course  of  the  disease  is  much  more  prolonged, 
often  lasting  several  days  before  actual  spasms  occur.  The  symptoms 
commence  with  stiffness  in  the  neck  and  jaws,  which  often  remain  for 
several  days  before  the  more  violent  evidences  of  exaggerated  reflex  appear. 
In  both,  the  contractions  are  tonic,  with  intervals  of  quiescence,  but  in 
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tetanus  there  is  no  complete  muscular  relaxation,  such  as  is  seen  in  the 
intervals  in  strychnine  poisoning,  some  stiffness  persisting  throughout, 
especially  in  the  muscles  of  the  neck.  The  diagnosis  is  certain,  if 
strychnine  is  found  in  the  contents  of  the  stomach  or  in  the  urine. 

Treatment. — The  treatment  of  strychnine  poisoning  consists  in  keeping 
the  patient  free  from  such  external  stimulation  as  is  likely  to  cause  spasms, 
in  removing  the  poison  from  the  stomach,  if,  as  is  usually  the  case,  it  has 
been  taken  by  the  mouth,  and  in  reducing  the  excitability  of  the  central 
nervous  system.  The  stomach  should  be  washed  out  with  water,  but  it  is 
often  impossible  to  pass  the  stomach  tube,  owing  to  the  manipulations 
setting  up  a  paroxysm ;  and  if  this  is  the  case,  chloroform  ought  to  be 
given  before  the  tube  is  passed.  In  the  meantime,  tannic  acid  may  be 
administered  in  order  to  precipitate  the  alkaloid  in  the  stomach,  and  thus 
delay  its  absorption,  but  this  ought  to  be  regarded  only  as  a  means  to  gain 
time.  Chloroform  is  employed  to  reduce  the  irritability  of  the  central 
nervous  system ;  it  is  unnecessary  to  induce  deep  anaesthesia,  a  few  whiffs 
causing  the  first  stage  of  imperfect  consciousness,  which  is  all  that  is 
required.  Chloral  may  be  used  instead,  but  is  less  satisfactory,  because 
if  symptoms  of  paralysis  appear,  it  tends  to  aid  the  poison  in  arresting 
the  respiration.  Opium  and  morphine  are  inferior  to  these,  as  their  action 
on  the  spinal  cord  is  much  less  pronounced,  and  bromides  have  too  little 
depressant  effect.  If  the  breathing  fails,  artificial  respiration  may  be 
instituted,  although  there  is  little  prospect  of  success,  as  strychnine  is 
very  slowly  excreted. 

BKUCINE  acts  very  similarly  to  strychnine,  but  is  much  less  poisonous, 
some  thirty-eight  times  as  much  brucine  as  strychnine  being  necessary  to 
induce  fatal  intoxication.  In  the  frog  the  same  increased  reflex  activity 
is  observed,  but  no  true  convulsions  follow,  because  the  terminations  of  the 
motor  nerves  are  paralysed  early.  If  the  poison  be  excluded  from  one  leg, 
however,  by  ligature  of  the  artery,  tonic  convulsions  may  be  elicited  in  it. 
The  vagus  is  paralysed  in  mammals  by  large  doses,  and  some  local 
anaesthesia  is  said  to  be  induced  by  •  its  local  application  to  the  mucous 
membranes  of  the  frog. 

METHYL-STRYCHNINE,  which  is  formed  artificially  from  the  alkaloid, 
appears  to  have  lost  to  a  great  extent  its  tetanising  action  on  the  spinal 
cord,  while  it  affects  the  terminations  of  the  motor  nerves  strongly,  so 
that  the  chief  symptoms  are  those  of  motor  paralysis  similar  to  that 
caused  by  curara. 

Therapeutics. — Nux  vomica  preparations  are  used  very  extensively 
for  their  effects  on  the  appetite  and  digestion,  and  seem  to  act  in  the  same 
way  as  the  simple  bitters,  such  as  gentian  and  calumba,  although  it  is 
possible  that  in  addition  the  strychnine  is  beneficial  through  its  action 
on  the  cord.  In  chronic  catarrh,  and  in  dyspepsia  from  want  of  exercise  and 
from  sedentary  habits,  nux  vomica  is  often  of  value,  and  it  also  improves 
the  anorexia  of  convalescence,  anaemia  and  other  similar  conditions. 
The  tincture  is  generally  prescribed  for  these  disorders,  and  ought  to 
be  taken  before  meals,  either  alone  or  combined  with  cinchona,  gentian, 
or  other  bitters.  Nux  vomica  is  also  employed  along  with  the  purgatives 
— usually  in  the  form  of  a  pill — in  constipation  and  flatulence,  from  the 
belief  that  it  augments  the  tone  of  the  intestine,  but  it  may  be  questioned 
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how  far  it  is  of  real  value  in  these  cases.  The  crude  preparations  are  used 
here,  as  the  alkaloid  is  less  readily  absorbed  than  from  preparations  of 
the  salts,  and  the  remedy  thus  remains  longer  in  the  alimentary  tract. 

It  has  been  advised  in  a  variety  of  indefinite  conditions  of  depression 
and  general  want  of  tone,  in  which  it  is  impossible  to  determine  whether 
the  results  are  to  be  ascribed  to  its  improving  the  appetite  and  digestion, 
or  to  its  increasing  the  activity  of  the  spinal  cord  and  medulla.  For 
example,  it  is  used  with  benefit  in  chronic  alcoholism,  in  some  forms  of 
bilious  headache  and  migraine,  and  in  exhaustion  from  anxiety  and  over- 
work, and  may  be  prescribed  in  the  form  of  the  alkaloid,  or  as  one  of  the 
crude  preparations. 

The  action  on  the  central  nervous  system  is  taken  advantage  of  in 
different  forms  of  paralysis ;  and  some  restitution  of  function,  or  at  any 
rate  some  retardation  of  the  progress  of  the  disease,  has  been  observed  in 
many  nervous  disorders.  The  cases  in  which  there  is  the  greatest  prospect 
of  alleviation  are  those  in  which  no  distinct  central  anatomical  lesion 
exists,  as  in  hysterical,  neurasthenic,  diphtheritic  and  syphilitic  paralyses, 
and  in  those  forms  which  are  due  to  such  poisons  as  lead  and  arsenic.  In 
tobacco  amblyopia,  strychnine  is  believed  to  hasten  recovery,  and  in  com- 
mencing optic  atrophy  the  advance  of  the  disease  is  said  to  be  retarded.  In 
some  forms  of  deafness  it  is  also  recommended.  On  the  other  hand,  little 
is  to  be  hoped  from  its  effects,  when  the  paralysis  is  due  to  such  lesions 
as  haemorrhage  into  the  brain  or  to  sclerosis,  and  in  some  instances  it  is  said 
to  have  done  harm,  probably  from  the  augmented  blood  pressure  tending 
to  cause  cerebral  congestion  and  recurrence  of  the  haemorrhage. 

Strychnine  is  often  prescribed  in  order  to  increase  the  activity  of  the 
respiratory  centre — as  in  bronchitis  when  there  is  an  abundant  mucous 
accumulation  and  little  effort  is  made  to  expel  it  from  the  air  passages. 
On  the  other  hand,  it  is  contra-indicated  in  dry  constant  cough  with  little 
expectoration,  and  it  is  doubtful  whether  much  improvement  follows  its 
use  in  asthma.  Brunton  recommends  it  in  the  night  sweats  of  phthisis, 
which  he  attributes  to  the  imperfect  respiration  during  sleep. 

In  poisoning  with  chloral,  alcohol,  and  similar  central  nervous  de- 
pressants, in  which  there  is  danger  that  the  respiration  may  fail  through 
iralysis  of  the  centre,  strychnine  often  proves  of  much  benefit,  while  it  is 
of  less  avail  in  opium  poisoning.  Torpor,  stupor,  collapse,  and  shock  from 
my  cause  may  similarly  be  treated  with  strychnine,  and  for  these  con- 
ditions it  is  usually  given  subcutaneously.  It  is  often  employed  in  sea- 
sickness, and  seems  to  have  better  results  than  many  other  remedies 
employed  for  this  disorder,  although  it  is  unknown  how  these  are  brought 
about,  whether  through  the  increased  tone  of  the  spinal  cord,  or  through 
the  vasornotor  changes. 

Strychnine  often  improves  circulatory  diseases,  not  perhaps  so  much 
through  any  direct  action  on  the  heart,  as  through  its  contracting  the 
vessels  of  the  internal  organs  through  the  vasomotor  centre.  It  is  im- 
possible to  define  exactly  the  conditions  which  indicate  the  exhibition  of 
strychnine  here,  as  its  results  often  differ  in  cases  which  apparently 
resemble  each  other  very  closely. 

The  tone  of  the  sphincters  may  be  increased  by  the  augmented  reflex 
excitability  of  the  spinal  cord,  and  this  probably  explains  the  use  of 
strychnine  in  the  nocturnal  enuresis  of  children.  The  action  on  the  spinal 
centres  is  also  apparently  the  basis  for  the  use  of  strychnine  as  an 
emmenagogue,  and  as  an  aphrodisiac  in  impotency. 
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GELSEMIUM. 

(B.P.    AND   U.S.P.) 

Gelsemium  sempervirens,  or  nitidum,  is  a  climbing  plant  of  the  Loganiacece 
order,  which  is  found  in  the  Southern  United  States,  and  is  there  known  as 
the  Yellow  or  Carolina  Jasmine.  The  root  has  been  used  in  therapeutics 
for  some  years,  but  has  never  attained  a  wide  popularity.  It  is  usually 
prescribed  as  the  tincture  (B.  P.  and  U.S.P.). 

Composition. — There  have  been  found  in  gelsemium  root  an  inactive 
glucoside,  which  is  probably  identical  with  the  resculm  derived  from  the 
horse-chestnut,  and  two  alkaloids,  regarding  the  nomenclature  of  which 
some  confusion  exists,  as  gelsemine  has  been  used  to  indicate  the  mixture 
of  the  two,  while  gelseminine  has  been  applied  to  each  in  turn.  His- 
torically, gelsemine  was  the  earlier  of  the  two  alkaloids  to  be  isolated, 
while  gelseminine  ought  to  be  used  to  designate  the  second  and  more 
poisonous  one.  The  empirical  formulae  of  these  alkaloids  is  not  yet 
decided,  and  nothing  is  known  as  to  their  structure.  Gelsemine  is  obtain- 
able in  the  form  of  crystalline  salts,  while  gelseminine  has  been  isolated 
only  as  an  amorphous  body. 

Pharmacology. — The  action  of  gelsemium  is  compounded  of  that  of 
the  two  alkaloids,  but  as  gelseminine  is  much  the  more  powerful,  the  action 
of  the  preparation*  of  the  plant  closely  resembles  that  of  this  alkaloid,  and 
it  is  unquestionably  the  body  which  gives  toxicity  to  the  crude  preparations 
of  the  drug. 

Nervous  system. — The  injection  of  gelseminine  is  followed  by  weakness 
and  slowness  in  the  movements  in  the  frog,  and  later  by  a  partial  paralysis 
of  the  terminations  of  the  motor  nerves  in  striated  muscle.  After  very  large 
doses  these  terminations  may  be  quite  incapable  of  transmitting  impulses, 
and  the  frog  lies  perfectly  motionless  and  reacts  in  the  same  way  as  one 
poisoned  with  curara.  Stimulation  of  the  vagus  has  no  effect  on  the 
contractions  of  the  heart,  apparently  because  the  ganglionic  connections 
on  the  course  of  the  inhibitory  fibres  are  paralysed  by  gelseminine  in  the 
same  way  as  by  nicotine  and  other  alkaloids.  On  the  other  hand,  the  final 
terminations  of  the  inhibitory  fibres  in  the  heart  muscle  seem  to  be 
unaffected,  for  muscarine  continues  to  weaken  and  slow  the  heart  as  in 
the  normal  animal. 
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Mammals  poisoned  with  gelseminine  soon  lose  their  power  of  co- 
ordinating movements,  and  sink  to  the  ground,  showing  signs  of  great 
muscular  weakness,  marked  tremor  when  any  movement  is  attempted,  and 
laboured  inefficient  respiration.  The  tremors  become  still  more  evident, 
the  head  can  no  longer  be  raised  from  the  ground,  and  the  breathing 
becomes  slow  and  dyspnoeic,  and  finally  ceases,  when  a  few  weak  con- 
vulsive movements  often  follow.  The  sensation  of  pain  is  preserved  until 
just  before  death,  and  the  reflex  excitability  does  not  seem  to  undergo  any 
distinct  alteration  through  the  action  of  the  poison.  In  some  animals 
attempts  at  vomiting  are  observed. 

Respiration. — The  failure  of  the  respiration  is  the  most  striking  feature 
of  the  intoxication  in  mammals,  and  is  probably  due  to  the  paralysis  of  the 
centre,  although  it  is  not  unlikely  that  this  is  accompanied  by  a  partial 
paralysis  of  the  terminations  of  the  nerves  in  the  respiratory  muscles. 
The  tremors,  which  also  form  a  characteristic  feature  in  mammals,  may 
also  be  attributed  to  this  action  on  the  nerve  ends.  A  few  impulses  can 
pass  through  them,  and  there  is  consequently  no  such  complete  paralysis 
as  after  curara ;  but  the  terminations  are  rapidly  fatigued,  and  thus  fail 
to  transmit  a  sufficient  number  of  impulses  to  cause  a  continued  contraction 
of  the  muscles,  and  the  interruptions  of  the  contractions  lead  to  the  tremor. 
It  is  conceivable  that  the  failure  of  the  nerve  ends  in  the  respiratory 
muscles  may  be  the  cause  of  the  arrest  of  the  breathing,  but  this  is  not 
yet  shown  to  be  the  case,  and  the  general  impression  is  that  the  centre 
is  paralysed  by  the  poison,  although  the  nerve  ends  may  be  weakened  at 
the  same  time. 

Circulation. — Gelseminine  has  little  or  no  effect  on  the  circulation, 
except  in  paralysing  the  inhibitory  mechanism  of  the  heart.  The  blood 
pressure  remains  practically  unchanged  after  even  large  doses,  provided 
artificial  respiration  is  instituted  when  the  natural  breathing  fails. 

Pupil. — The  pupil  is  generally  unaltered  in  size  until  just  before  death, 
when  some  dilatation  is  often  observable.  But  if  a  solution  of  a  salt  of 
gelseminine  is  applied  directly  to  the  conjunctiva,  it  induces  rapid  dilata- 
tion of  the  pupil  and  paralysis  of  the  accommodation,  accompanied  by 
momentary  smarting  and  injection  of  the  conjunctiva.  The  mydriasis 
persists  for  a  shorter  time,  and,  as  a  general  rule,  is  less  complete  than 
that  induced  by  atropine,  but  resembles  it  otherwise,  and,  as  in  the  case  of 
atropine,  it  is  probably  caused  by  paralysis  of  the  ciliary  nerves  in  the 
iris  and  ciliary  muscle. 

GELSEMINE  is  only  feebly  poisonous,  for  though  it  is  fatal  to  the  frog  in 
large  doses,  it  induces  no  symptoms  in  mammals  even  when  as  much  as 
\  grm.  is  injected  intravenously.  It  increases  the  reflex  excitability  in  the 
frog,  and  induces  tonic  spasms  in  the  same  way  as  strychnine,  which  it  also 
resembles  in  paralysing  the  terminations  of  the  motor  nerves  in  muscle 
when  injected  in  large  quantities.  Gelsemine  may  therefore  be  classed 
along  with  strychnine  as  tending  to  increase  the  activity  of  the  spinal  cord, 
but  it  differs  from  it  in  being  very  much  less  poisonous  to  the  cold-blooded 
animals  and  in  being  entirely  devoid  of  action  on  mammals. 

Commercial  gelsemine  varies  greatly  in  its  composition,  the  cruder 
forms  containing  much  more  gelseminine  than  the  more  carefully  elabor- 
ated specimens,  which  in  some  instances  consist  of  almost  pure  gelsemine. 

Toxicology. — No  case  of  gelseminine  poisoning  has  occurred  in  man, 
but  in  a  number  of  instances  severe  or  fatal  symptoms  have  arisen  from 
the  crude  preparations  which  owe  their  activity  to  this  alkaloid.  The 
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patient  complains  of  languor,  drowsiness,  muscular  weakness,  giddiness, 
and  indistinct  vision,  which  is  often  accompanied  by  pain  in  the  eyes  or 
over  the  eyebrows.  Double  vision,  internal  squint,  and  ptosis  may  follow, 
the  jaw  drops,  the  respiration  becomes  slow,  weak,  and  laboured,  and  its 
gradual  failure  is  the  cause  of  death,  the  heart  continuing  to  beat  for 
some  time  afterwards.  The  consciousness  is  stated  to  be  retained  until 
just  before  the  final  asphyxia.  Some  persons  seem  to  be  unusually 
sensitive  to  this  poison,  symptoms  appearing  in  them  from  doses  which 
have  no  effect  on  others. 

Therapeutics. — Gelsemium  has  been  advised  in  a  number  of  febrile 
conditons,  particularly  in  those  of  a  malarial  type,  but  there  is  no  reason 
to  suppose  that  it  is  of  value  in  these.  There  is  more  evidence  in  support 
of  its  use  in  several  forms  of  neuralgia,  notably  in  that  affecting  the 
trigeminal  branches,  although  no  explanation  of  its  action  here  has  been 
suggested.  In  many  cases  it  fails  to  relieve  the  pain,  but  in  some  its 
administration  has  been  followed  by  improvement.  The  tincture  is  gener- 
ally employed  for  the  purpose  in  doses  of  5  to  15  minims. 

The  commercial  gelsemine  has  been  employed  in  ophthalmology,  in  order 
to  dilate  the  pupil  and  paralyse  the  accommodation.  It  has  the  advantage 
over  atropine  that  its  effects  pass  off  more  rapidly,  but  was  never  very 
widely  adopted  for  this  purpose,  and  seems  to  have  fallen  into  complete 
disuse  of  late  years. 
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PHYSOSTIGMA. 

(B.P.    AXD   U.S. P.) 

PHYSOSTIGMA,  or  Calabar  bean,  is  the  seed  of  Physostigma  venenosum,  a 
perennial  leguminous  climbing  plant,  indigenous  to  the  coasts  of  the 
Gulf  of  Guinea,  and  hence  introduced  into  India  and  Brazil.  The 
seeds  only  are  official  in  both  Pharmacopoeias.  It  was  formerly  used 
by  the  natives  of  the  Calabar  coast  in  the  ordeal  trials  of  persons 
accused  of  witchcraft,  and  is  therefore  known  as  the  Ordeal  Bean.  Its 
chief  constituent  is  an  alkaloid,  physostigmine  or  escrine,  C15H21N302,  but 
this  is  stated  by  Harnack  to  be  accompanied  by  two  other  alkaloids,  cala- 
barine  and  eseridine,  although  it  is  probable  that  these  are  merely  pro- 
ducts of  the  decomposition  of  physostigmine,  which  is  somewhat  unstable. 
Physostigmine,  or  a  very  nearly  allied  body,  is  said  to  occur  in  the  Kali 
or  Cali  nuts,  the  seeds  of  Mucuna  urens.  The  chemical  constitution  of 
these  alkaloids  is  quite  unknown. 

Calabarine  induces  the  same  symptoms  as  strychnine  in  the  frog,  but 
appears  to  be  present  in  the  seed  in  only  small  quantities,  as  a  general 
rule.  Eseridine  resembles  physostigmine  in  its  action,  but  is  much  less 
poisonous,  so  that  the  symptoms  of  poisoning  with  Calabar  beau  are 
practically  identical  with  those  induced  by  physostigmine.  In  some 
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commercial  preparations  from  the  bean,  examined  by  Harnack,  there 
seemed  to  be  little  or  no  physostigmine,  the  symptoms  elicited  being 
those  of  calabariue  poisoning. 

The  crude  preparations  are  seldom  prescribed,  although  an  extract  is 
official  hi  both  the  B.P.  and  the  U.S.P.,  the  dose  in  the  former  being  £  to 
1  gr.,  in  the  latter  TV  to  -J  gr.  The  extract  is  not  standardised,  however, 
so  that  the  sulphate  of  physostigmine  is  almost  invariably  employed  in  its 
stead  in  doses  of  ^  to  ^V  gr-  A  preparation  of  this  salt  contained  in  the 
ll.P.  is  the  lamella.  Besides  the  sulphate,  the  IJ.S.P.  has  introduced  the 
salicylate,  which  is  less  easily  decomposed  and  is  prescribed  in  the  same 
quantity. 

Pharmacology. — In  the  frog  physostigmine  induces  depression  and 
paralysis  of  the  central  nervous  system,  which,  beginning  in  the  brain, 
slowly  passes  downwards  until  the  spinal  cord  is  reached.  The  spontaneous 
movements  first  become  slow  and  clumsy  and  then  cease  entirely,  the 
respiration  is  next  arrested,  and  finally  no  reflex  movement  is  elicited  by 
irritation  of  the  skin.  The  peripheral  nerves  and  muscles  preserve  their 
irritability  long  after  all  the  reflex  and  spontaneous  movements  have 
failed,  showing  that  the  paralysis  is  of  central  and  not  of  peripheral  origin. 
When  the  crude  preparations  are  used,  a  stage  of  tetanic  convulsions  is 
often  observed  from  the  presence  of  calabarine. 

The  symptoms  in  mammals  also  indicate  depression  of  the  central 
nervous  system,  for  the  movements  become  weak  and  uncertain  and  the 
gait  staggering,  and  the  animal,  unable  to  maintain  its  equilibrium,  falls 
on  one  side.  Later,  all  spontaneous  movements  disappear,  while  the 
respiration  and  the  reflexes  remain.  Curious  tremors  and  twitches  appear 
in  various  muscles  of  the  body,  often  beginning  in  the  hind-limbs  and 
spreading  rapidly  over  the  trunk,  until  they  involve  almost  all  the 
voluntary  muscles  in  turn.  Dyspnoea  is  generally  a  prominent  feature 
of  the  intoxication,  the  respiration  being  deep  and  laboured  at  the 
beginning,  later  becoming  shallow  and  slow,  and  finally  being  arrested. 
The  pupil  is  often  contracted  to  pin-hole  size,  but  this  is  not  always 
ol  (served  in  cases  of  poisoning  in  man  or  in  animals.  The  secretion  of 
saliva  and  of  tears  is  often  much  augmented,  and  there  may  be  vomiting, 
frequent  micturition,  and  violent  purgation.  The  heart  continues  to  con- 
tract for  some  time  after  the  failure  of  the  breathing.  The  dog  and  rabbit 
present  no  appearance  of  excitement  under  physostigmine,  but  restlessness, 
anxiety,  and  constant  movement  are  early  symptoms  of  poisoning  in  the 
cat. 

Brain  and  spinal  cord. — The  symptoms  of  physostigmine  poisoning 
indicate  that  the  central  nervous  system  is  depressed  by  it,  for  in  the  frog 
and  in  most  mammals  the  muscular  weakness  and  the  ultimate  loss  of  the 
reflexes  can  be  interpreted  only  in  this  way.  It  was  formerly  supposed 
that  this  depression  was  preceded  by  a  stage  of  stimulation,  but  this  appears 
to  have  been  based  upon  investigations  in  which  the  cruder  preparations 
were  used,  and  the  symptoms  of  nervous  excitement  were  in  all  probability 
due  to  the  calabarine  contained  in  these.  At  the  same  time,  the  depression 
docs  not  seem  to  be  general  throughout  the  central  nervous  system,  for 
mammals  respond  with  feeble  movements  to  painful  stimulation  until  very 
late  in  the  intoxication  ;  and  in  cases  of  poisoning  in  man,  the  consciousness 
is  said  to  have  been  retained  until  the  end.  The  symptoms  of  excitement 
seen  in  the  cat  under  physostigmine  have  been  interpreted  as  evidence 
of  some  direct  stimulant  action  on  the  cortical  cells,  and  further  support 
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for  the  belief  in  this  stimulant  action  has  been  sought  in  the  effects  of 
physostigmine  on  epileptics,  in  whom  it  often  increases  the  number  and 
the  intensity  of  the  attacks.  Guinea-pigs  rendered  epileptic  by  operative 
procedure  also  become  more  liable  to  paroxysms  when  physostigmine  is 
administered  to  them,  and  even  in  dogs  its  injection  is  said  to  be  followed 
by  epileptiform  seizures  occasionally.  It  is  possible  that  these  indicate 
an  increase  in  the  irritability  of  the  cortical  grey  matter  after  physostig- 
mine in  these  cases,  and  this  view  has  been  held  by  some  writers  on  the 
subject,  but  these  observations  seem  to  be  capable  of  another  explanation. 
Physostigmine  causes  violent  contractions  of  many  of  the  unstriated 
muscles  of  the  body,  and  this  in  turn  gives  rise  to  pain  and  discomfort  in 
the  abdomen  from  contractions  of  the  stomach  and  intestine,  and  possibly 
to  some  dyspncea  from  contraction  of  the  bronchial  muscles.  These  con- 
tractions seem  sufficient  to  cause  epileptiform  convulsions  in  individuals 
who  are  already  predisposed  to  these  attacks,  or  to  cause  restlessness  and 
discomfort  in  the  cat  and  other  animals.  It  is  impossible  to  state  definitely 
at  present,  therefore,  what  the  exact  nature  of  the  action  of  physostigmine 
on  the  cerebral  cortex  is,  and  in  particular  to  determine  whether  or  not 
the  depression  and  collapse  seen  in  severe  poisoning  is  preceded  by  a 
stage  of  slight  stimulation. 

Muscle-nerve. — The  muscular  twitchings  form  one  of  the  most  charac- 
teristic features  of  physostigmine  poisoning  in  mammals,  and  are  also 
observed  in  the  frog,  though  more  rarely.  In  some  instances  they  are  so 
pronounced  in  mammals  as  to  simulate  convulsions,  from  which  they  differ, 
however,  in  that  the  whole  of  a  muscle  is  not  involved  at  one  time.  A  few 
fibres  may  be  observed  to  contract  rapidly,  while  those  on  each  side  remain 
quiescent ;  then  another  bundle  contracts,  and  so  forth,  the  individual 
bundles  contracting  independently,  and  not  together  and  equally  as  in  an 
ordinary  movement  or  in  a  true  convulsion.  These  tremors  and  twitches 
seem  entirely  independent  of  the  central  nervous  system,  for  they  continue 
in  a  limb  after  the  nerves  supplying  it  are  divided.  This  demonstrates  that 
the  peripheral  nerves  or  the  muscles  are  the  seat  of  the  action,  but  in- 
vestigators are  not  at  one  as  to  which  of  these  is  primarily  affected.  The 
fact  that  the  twitching  is  arrested  when  curara  is  injected  seems  to  be 
strong  evidence  in  favour  of  the  view  that  physostigmine  causes  it  by 
stimulating  the  terminations  of  the  motor  nerves.  But,  on  the  other  hand, 
it  is  stated  that  physostigmine  increases  the  irritability  of  the  muscles 
even  after  curara,  so  that  they  contract  on  a  slighter  stimulus  than  before, 
and  this  has  been  regarded  as  supporting  the  view  that  the  fibrillary 
twitching  is  due  to  the  direct  action  on  the  muscle  and  not  on  the  nerve 
ends.  The  probability  is,  however,  that  the  first  is  the  true  explanation, 
and  that  physostigmine  increases  the  irritability  of  the  nerve  ends,  until 
these  finally  discharge  stimuli  into  the  muscle  fibres  without  having  re- 
ceived any  impulse  from  the  central  nervous  system. 

Very  large  quantities  of  physostigmine  injected  intravenously  are  said 
to  paralyse  the  terminations  of  the  nerves,  but  the  respiration  fails  long 
before  this  is  accomplished  in  mammals. 

Respiration. — The  breathing  is  first  quick  and  deep,  but  soon  becomes 
slower  and  weaker.  The  cause  of  the  preliminary  acceleration  is  not 
absolutely  certain,  for,  according  to  Bezold  and  Gotz,  it  is  due  to  the 
stimulation  of  the  terminations  of  the  vagus  in  the  lungs,  while  others 
regard  it  as  evidence  of  the  stimulation  of  the  centre.  The  subsequent 
slowing  and  dyspnoaa  and  the  final  arrest  of  the  breathing  are  due  to  the 
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depression  of  the  centre  in  the  medulla,  although  it  is  possible  that  the 
constant  fibrillary  twitching  in  the  muscles  of  respiration  may  also  con- 
tribute to  this  result.  The  cessation  of  the  respiration  is  the  cause  of  death, 
not,  as  was  formerly  stated,  the  failure  of  the  heart,  for  the  circulation  con- 
tinues for  several  minutes  after  the  breathing  has  stopped,  and  may  be 
maintained  indefinitely,  in  fact,  if  air  be  supplied  to  the  lungs  by  arti- 
ficial means. 

Circulation. — The  changes  induced  by  physostigmine  in  the  circulation 
are  still  imperfectly  known  and  understood.  Small  quantities  induce  a  slow 
rhythm  with  a  considerable  rise  in  the  blood  pressure,  while  the  injection 
of  larger  amounts  is  followed  by  a  fall  in  the  blood  pressure  and  further 
slowing  of  the  pulse.  The  slow  rhythm  does  not  appear  to  be  due  to 
inhibitory  activity,  for  it  occurs  after  the  terminations  of  the  vagus  in  the 
heart  are  paralysed  by  atropine,  and  is  accordingly  ascribed  to  direct 
action  on  the  heart  muscle.  The  contractions  of  the  heart  are  said  to  be 
strengthened  by  physostigmine,  but  this  is  not  correct  as  far  as  the 
mammalian  heart  is  concerned,  for  the  first  distinct  changes  in.  the  con- 
tractions registered  by  the  myocardiograph  are  slowness  of  the  rhythm 
and  imperfect  systole. 

The  action  of  physostigmine  on  the  inhibitory  mechanism  in  the  heart 
has  never  been  definitely  established,  for,  while  some  writers  deny  that  it 
has  any  effect  whatever  011  it,  others  state  that  it  increases  the  irritability 
of  the  terminations  in  the  same  way  as  muscarine,  and  others  even  assert 
that  the  terminations  paralysed  by  atropine  may  be  restored  to  functional 
3tivity  through  the  injection  of  large  quantities  of  physostigmine. 

The  cause  of  the  increased  arterial  tension  is  not  more  generally  agreed 
upon.  It  appears  to  be  partly  independent  of  the  vasomotor  centre,  for  it 
occurs  after  section  of  the  spinal  cord  and  splanchnic  nerves,  operations 
which  prevent  the  transmission  of  impulses  from  the  centre  to  the 
vessels ;  it  may  be  caused  in  part  by  the  contractions  of  the  stomach  and 
intestine,  which  expel  the  blood  from  a  very  large  area,  and  in  fact  have 
the  same  effect  as  the  constriction  of  the  mesenteric  vessels  through 
stimulation  of  the  splanchnic  nerves.  It  may  be  objected  to  this  explana- 
tion, that  other  drugs,  such  as  muscarine,  also  contract  the  intestine,  and 
yet  produce  no  increase  in  the  blood  pressure ;  but  muscarine  at  the  same 
time  causes  marked  slowing  of  the  heart,  and  this  is  sufficient  to  counter- 
balance the  effects  of  the  intestinal  contraction.  This  is  not  the  only 
active  agency  in  raising  the  blood  pressure,  however,  for  it  has  been  found 
that  physostigmine  increases  the  tension  after  ligature  of  the  abdominal 
aorta,  and  therefore  after  the  mesenteric  area  is  excluded.  The  most 
plausible  explanation  seems  to  be  that  the  vasomotor  centre  is  stimulated, 
and  that  this,  along  with  the  expulsion  of  the  blood  from  the  capacious 
vessels  of  the  intestine  and  stomach,  causes  a  very  considerable  augmenta- 
tion of  the  blood  pressure. 

In  the  frog's  heart,  physostigmine  causes  slowing  of  the  rhythm,  along 
with  an  increase  in  the  strength  and  duration  of  the  contractions.  There 
is  more  evidence  of  a  distinct  stimulant  action  on  the  cardiac  muscle  than 
in  the  mammals,  for,  when  the  heart  is  reduced  to  quiescence  by  stimula- 
tion of  the  inhibitory  nerves,  physostigmine  restores  the  contractions, 
although  these  remain  weak  and  inefficient.  Conversely,  when  physostig- 
mine has  been  previously  injected,  electrical  stimulation  of  the  vagus  fails 
to  bring  the  heart  to  a  standstill,  and  muscarine  does  not  induce  complete 
quiescence,  because,  although  the  inhibitory  terminations  are  strongly 
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stimulated  by  it,  the  irritability  of  the  cardiac  automatic  mechanism  is  so 
much  augmented  that  the  inhibition  is  unable  to  hold  it  in  check.  On 
the  other  hand,  chloral  or  copper  salts  applied  to  the  heart  abolish  the 
movements  caused  by  physostigmine,  because  they  act  on  the  muscle 
directly,  and  in  a  manner  apparently  directly  opposed  to  that  of  physostig- 
mine. Harnack  was  induced  by  these  reactions  to  formulate  the  theory 
that  physostigmine  acts  directly  on  the  muscle  of  the  frog's  heart,  and 
increases  its  irritability  to  a  remarkable  extent.  Some  later  investigators 
have  failed  to  obtain  all  his  results,  but  there  is  sufficient  evidence  to 
show  that  in  the  frog's  heart  physostigmine  tends  to  restore  contractions, 
when,  under  ordinary  circumstances,  the  organ  would  remain  quiescent ; 
and  this  can  be  interpreted  only  to  indicate  that  the  alkaloid  has  some 
stimulating  effect  in  these  animals.  There  are  no  grounds  to  believe  that 
the  mammalian  heart  is  affected  in  this  way,  or  in  fact  that  physostigmine 
has  any  but  a  deleterious  effect  on  it. 

Secretions. — Physostigmine  has  a  remarkable  influence  on  the  secretion 
of  some  of  the  glands,  and  though  this  has  been  investigated  carefully  only 
in  regard  to  the  changes  in  the  salivary  secretion,  there  is  no  question  that 
many  other  glands  are  affected  in  the  same  way.  When  a  cannula  is  passed 
into  the  duct  of  the  submaxillary  gland,  the  injection  of  physostigmine  is 
observed  to  be  followed  by  a  great  increase  in  the  fluid,  and  also,  though  in 
a  less  degree,  in  the  solids  of  the  saliva.  This  salivation  generally  con- 
tinues after  division  of  the  secretory  nerve,  the  chorda  tympani,  so  that 
physostigmine  obviously  acts  on  some  peripheral  mechanism,  and  not 
through  the  centres  controlling  the  secretion,  nor  through  any  reflex 
excitation.  Some  poisons  increase  the  salivary  secretion  through  stimula- 
tion of  the  ganglia  on  the  course  of  the  nerve,  but  that  physostigmine  does 
not  act  in  this  way  may  be  demonstrated  by  paralysing  the  ganglionic 
terminations  by  large  doses  of  nicotine.  When  this  is  shown  to  be 
accomplished  by  the  electrical  stimulation  of  the  nerve  failing  to  induce 
secretion,  physostigmine  still  causes  as  great  an  augmentation  as  before,  so 
that  it  evidently  acts  somewhere  beyond  the  ganglion  cells — that  is  to  say, 
either  on  the  secretory  cells  directly,  or  on  the  terminations  of  the  nerves 
in  these  cells.  Some  doubt  has  been  expressed  as  to  which  of  these  points 
is  really  acted  on,  but  it  is  found  that  the  injection  of  a  moderate  amount 
of  atropine  prevents  the  action  of  physostigmine  ;  and  it  may  be  shown 
that  atropine  does  not  paralyse  the  gland  cells,  for  stimulation  of  the 
cervical  sympathetic  nerve,  which  also  supplies  these,  continues  to  induce 
secretion  as  before.  Physostigmine  therefore  acts  on  the  same  point  as 
atropine,  that  is  to  say,  on  the  terminations  of  the  secretory  nerves  in  the 
gland  cells ;  but  it  affects  them  in  the  opposite  way,  for  the  secretion  is 
increased  by  physostigmine,  while  it  is  arrested  by  atropine.  Moderate 
quantities  of  atropine  prevent  the  action  of  even  enormous  doses  of 
physostigmine ;  but  if  only  enough  atropine  be  injected  to  stop  the  normal 
secretion  of  the  gland,  a  very  large  dose  of  physostigmine  restores  it  or 
even  causes  an  unusually  large  secretion.  Similarly,  after  a  small  dose  of 
atropine,  the  stimulation  of  the  chorda  tympani  has  no  effect ;  but  if  a  large 
quantity  of  physostigmine  be  now  injected  intravenously,  the  nerve 
regains  its  influence.  These  two  poisons  are  thus  mutually  antagonistic, 
but  a  comparatively  small  quantity  of  atropine  is  sufficient  to  neutralise  the 
effects  of  a  much  larger  amount  of  physostigmine.  In  some  experiments 
physostigmine  is  said  not  to  have  increased  the  secretion  after  the  division 
of  the  chorda  tympani,  and  this  is  believed  to  be  due  to  the  fact  that  the 
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vasodilator  fibres  for  the  gland  run  in  this  nerve ;  so  that,  although  the 
alkaloid  stimulated  the  gland  cells,  the  amount  of  blood  supplied  to  them 
was  too  small  to  admit  of  pronounced  secretory  activity ;  physostigmine 
thus  seems  to  act  only  on  the  secretory  fibres,  and  not  on  those  supplying 
the  vessels. 

As  regards  the  other  secretory  glands,  the  mucous,  lachrymal,  and  pan- 
creatic secretions,  and  the  perspiration  are  augmented  in  the  same  way  as 
the  saliva,  while  the  urine  and  the  bile,  and  probably  the  milk,  are  com- 
paratively little  changed. 

Eye. — Physostigmine  also  acts  strongly  on  a  number  of  organs  containing 
unstriated  muscular  tissue,  such  as  the  stomach,  intestine,  bladder,  bronchi, 
and  eye.  The  changes  in  the  pupil  have  been  studied  in  greater  detail  than 
those  in  the  other  organs,  but  it  seems  probable  that  the  effects  in  these 
other  localities  are  the  results  of  similar  changes.  When  a  solution  of 
physostigmine  is  applied  to  the  conjunctiva,  the  pupil  begins  to  contract, 
and  soon  attains  its  smallest  diameter.  This  contraction  is  not  invariably 
seen  in  cases  of  poisoning  with  Calabar  bean,  although  some  contraction 
generally  occurs  in  man.  This  fact  suggests  that  it  is  due  to  changes  in 
the  local  mechanism,  and  this  is  confirmed  by  experiments  in  which  the 
motor  oculi  is  cut,  for  the  contraction  is  practically  unaltered  by  the 
operation,  provided  the  antagonistic  influence  of  the  sympathetic  nerves 
is  excluded  by  their  division  in  the  neck.  The  ganglionic  connection  on 
the  ciliary  nerves  may  be  shown  not  to  be  concerned  in  this  movement 
also,  so  that  the  field  of  action  is  limited  to  two  points — the  terminations 
of  the  ciliary  nerves  in  the  circular  fibres  of  the  iris,  and  the  muscular  fibres 
themselves.  Here,  again,  the  exact  action  of  physostigmine  can  be  deter- 
mined by  its  relation  to  that  of  atropine,  for,  as  in  the  case  of  the  chorda 
tympani,  this  alkaloid  can  be  shown  to  paralyse  the  ramifications  of  the 
motor  nerves  in  the  sphincter  muscle.  After  a  large  quantity  of  atropine 
has  been  applied  to  the  eye,  and  the  pupil  is  much  dilated,  physostigmine 
fails  to  cause  any  contraction,  although  the  muscle  still  responds  to  an 
electric  shock,  and  is  obviously  capable  of  stimulation.  Physostigmine 
therefore  does  not  act  on  the  muscle  itself,  and  the  only  possible  explana- 
tion of  its  effects  is  that  it  stimulates  the  terminations  of  the  motor  fibres 
in  the  sphincter.  If  only  a  very  small  quantity  of  atropine  has  been 
applied,  the  free  use  of  physostigmine  causes  some  contraction,  which  is 
removed  by  the  addition  of  more  atropine,  so  that  the  two  alkaloids  are 
mutually  antagonistic  here  as  in  the  glands,  although  atropine  is  much  the 
more  powerful.  A  more  direct  method  of  demonstrating  that  physostigmine 
acts  on  the  nerve  ends  is  that  devised  by  Schultz,  who  divided  the  ciliary 
nerves  and  allowed  the  peripheral  ends  to  degenerate  ;  after  which  physo- 
stigmine failed  to  induce  any  contraction  of  the  pupil,  although  the  mus- 
cular fibres  were  still  capable  of  contraction,  as  was  demonstrated  by  their 
responding  to  the  electric  current.  In  the  bird's  eye,  in  which  the  sphincter 
muscle  is  formed  of  striated  fibres,  physostigmine  induces  oscillations  in 
the  pupil  at  first,  and  then  prolonged  contraction  which  is  not  affected 
by  atropine.  These  effects  may  be  compared  to  the  fibrillary  contractions 
observed  in  the  striated  muscles  in  other  parts  of  the  body  in  poisoning 
with  physostigma,  and  are  apparently  due  to  physostigmine  stimulating 
the  terminations  of  the  nerves  in  striated  muscle,  while  atropine  has  no 
effect  on  them. 

Physostigmine  also  stimulates  the  nervous  terminations  in  the  ciliary 
muscle,  and  causes  spasm  of  the  accommodation.  It  has  less  tendency  to 
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affect  these,  however,  than  the  endings  in  the  sphincter  muscle,  while  mus- 
cariue,  which  acts  on  the  same  points,  tends  to  induce  more  marked  changes 
in  the  ciliary  muscle.  The  intra-ocular  pressure  is  reduced  by  physostig- 
mine,  after  a  preliminary  augmentation,  according  to  some  investigators. 

Other  unstriped  muscle. — Physostigmine  poisoning  is  generally  attended 
in  animals  by  profuse  vomiting  and  purging  with  frequent  micturition 
and  straining.  When  the  intestine  is  exposed,  it  is  seen  to  undergo 
very  powerful  and  rapid  peristaltic  movements ;  the  contents  are  hurried 
downwards,  so  that  there  is  no  time  for  the  fluid  to  be  absorbed,  and 
they  are  therefore  expelled  in  the  semifluid  condition  in  which  they 
ordinarily  exist  in  the  small  intestine.  At  the  same  time,  the  stomach 
contracts  and  the  bladder  empties  itself.  These  peristaltic  movements 
culminate  in  a  tetanic  contraction  of  the  walls  of  the  viscera,  which 
does  not  permit  of  the  passage  onwards  of  their  contents,  and  which 
probably  gives  rise  to  acute  pain.  The  physiology  of  the  abdominal 
organs  is  still  too  obscure  to  permit  of  a  certain  explanation  of  these 
effects,  but  their  analogy  with  those  observed  in  the  pupil  and  in  the 
salivary  glands  would  suggest  that  physostigmine  again  acts  on  the  ter- 
minations of  the  nerves  in  involuntary  muscle.  That  the  action  is 
peripheral,  may  be  shown  by  applying  physostigmine  to  a  loop  of  intestine 
isolated  from  the  central  nervous  system  by  division  of  its  nerves,  when  the 
same  accelerated  peristalsis  and  final  spasm  is  observed. 

The  bronchial  muscle  and  the  walls  of  the  uterus  and  gall  bladder  are 
believed  to  contract  in  the  same  way,  although  these  have  not  been  so 
carefully  investigated.  On  the  other  hand,  there  is  no  reason  to  sup- 
pose that  the  muscular  coats  of  the  arteries  undergo  contraction  from  the 
stimulation  of  the  vasomotor  terminations  in  them.  In  every  case  the 
contractions  of  the  walls  of  the  viscera  can  be  arrested  by  the  injection  of 
atropine,  and  its  previous  injection  in  any  but  the  smallest  amounts 
prevents  physostigmine  having  any  effect  whatever. 

Excretion. — Physostigmine  is  excreted  for  the  most  part  through  the 
kidney,  though  traces  have  been  found  in  the  saliva  and  bile. 

Antagonists. — The  antagonism  to  atropine  has  been  discussed  when 
describing  the  action  of  physostigmine  on  the  secretions  and  the  eye. 

Toxicology. — No  case  of  poisoning  with  physostigmine  has  occurred  in 
man,  but  the  symptoms  observed  in  a  few  cases  from  the  bean  or  its  crude 
preparations  having  been  swallowed  resemble  those  seen  in  animals  after 
the  alkaloid.  They  consist  in  severe  abdominal  pain,  purgation,  less  com- 
monly vomiting,  difficult  breathing,  giddiness,  and  extreme  muscular  weak- 
ness, which  is  not  accompanied  by  any  distinct  depression  of  sensation  or  of 
the  intellectual  powers.  Salivation  and  profuse  perspiration,  dyspnoea,  and 
slowness  of  the  pulse  are  induced  by  larger  quantities,  and  the  patient 
falls  into  a  state  of  collapse,  which  terminates  in  failure  of  the  respiration. 

In  cases  of  poisoning  with  Calabar  bean,  the  treatment  consists  in  the 
evacuation  of  the  stomach  by  means  of  the  stomach  tube,  and  in  the 
administration  of  atropine  in  full  doses. 

Therapeutics. — Physostigmine  has  been  administered  internally  for 
its  depressant  action  on  the  central  nervous  system,  in  cases  of  abnormal 
excitability  of  the  cerebral  cortex.  In  epilepsy  and  chorea  it  has  received  a 
fairly  extensive  trial,  but  has  proved  of  little  service  in  most  cases,  and  posit- 
ively deleterious  in  others.  Its  results  in  the  treatment  of  other  diseases  of 
the  central  nervous  system,  such  as  tetanus,  have  been  no  more  favourable, 
so  that  it  has  fallen  into  disuse  for  such  purposes,  and  is  now  employed 
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exclusively  by  local  application  for  its  action  on  the  accommodation  and 
intra-ocular  tension.  A  solution  of  1  to  4  grs.  to  the  ounce  (about  \  to  1 
per  cent.)  is  generally  dropped  in  the  eye,  two  to  four  drops  at  a  time,  or 
a  gelatin  disc  (lamella)  containing  physostigmine  may  be  applied  to  the 
conjunctiva.  The  pupil  begins  to  contract  in  five  to  fifteen  minutes,  and 
attains  its  smallest  size  in  about  half  an  hour.  It  remains  contracted 
twelve  to  fourteen  hours,  and  some  difference  in  the  size  of  the  two  pupils 
is  said  to  be  observable  for  several  days.  The  accommodation  is  less 
affected,  and  recovers  after  some  two  to  four  hours,  although  oscillations  of 
the  ciliary  muscle  may  render  the  sight  defective  for  some  time  longer. 
Physostigmine  has  been  applied  to  the  eye  in  order  to  remove  the  dilata- 
tion of  the  pupil  after  atropine  has  been  instilled  to  permit  of  ophthalmo- 
scopic  examination,  but  the  use  of  homatropine,  which  induces  a  dilatation 
of  much  shorter  duration,  has  rendered  this  less  often  necessary.  It  has 
also  been  suggested  that  in  cases  of  attachment  of  the  iris  to  the  lens, 
atropine  and  physostigmine  should  be  instilled  alternately,  as  it  was  hoped 
that  the  frequent  variations  in  the  size  of  the  pupil  would  serve  to  tear  the 
adhesion.  The  condition  is  now  treated  more  satisfactorily  by  surgical 
operation.  Physostigmine  is  very  frequently  used  to  reduce  the  intra-ocular 
pressure  in  glaucoma,  and  although  some  authorities  hold  that  the  primary 
increase  in  the  pressure  caused  by  it  is  capable  of  doing  more  harm  than  is 
counteracted  by  the  secondary  fall  in  pressure,  the  treatment  is  generally 
regarded  as  affording  satisfactory  results.  For  this  purpose  the  solution  or 
the  discs  have  to  be  applied  several  times  a  day. 
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HYPNOTICS. 

BROMIDES,  CHLOEAL  AND  ITS  ALLIES,  SULPHONES,  PARALDEHYDE, 
URETHANE,  HYOSCYAMUS  ALKALOIDS. 

THESE  do  not  comprise  all  the  hypnotic  drugs,  but  they  are  conveniently 
grouped  together,  as  their  hypnotic  action  is  their  main  pharmacological 
effect,  and  it  is  because  of  it  that  they  are  used  in  medicine. 


BROMIDES. 

Ammonium  bromide,  potassium  bromide,  sodium  bromide,  and  acidum 
hydrobromicum  dilutum  are  official  in  both  B.P.  and  U.S.P.,  and  camphora 
monobromata,  calcii  bromidum,  lithii  bromidum,  strontii  bromidum,  zinci 
bromidum,  and  bromine  in  U.S.P.  only.  Bromides  of  iron,  nickel,  and  gold 
have  also  been  used  in  medicine. 

As  the  action  of  all  bromides  is  fundamentally  the  same,  it  is  really 
only  necessary  to  describe  generally  the  effects  which  have  followed  the 
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use  of  the  potassium  salt,  while  later  pointing  out  certain  disadvantages  in 
its  administration  which  may  be  modified  by  the  use  of  other  bromides. 

POTASSIUM  BROMIDE. 
(B.P.  AND  U.S. P.) 

This  occurs  in  colourless  transparent  crystals,  soluble  in  water,  less 
so  in  alcohol. 

Pharmacology. — It  has  a  salt  taste,  and  in  concentrated  watery 
solution  is  very  irritating.  When  taken  in  large  doses,  it  produces 
stupidity,  sleepiness,  and  decrease  of  all  the  reflexes.  With  still  larger 
doses  the  symptoms  of  depression  are  greater,  all  the  functions  of  the 
body  are  affected,  and  the  temperature  falls. 

Potassium  bromide  and  all  bromides  are  in  the  stomach  and  intestines 
converted  into  sodium  bromide.  This  passes  into  the  blood,  and  is  from 
this  excreted  by  all  the  excretions.  It  affects  most  markedly  the  most 
highly  developed  parts  of  the  nervous  system;  this  effect  is  produced 
partly  by  its  action  in  depressing  circulation,  but  chiefly  by  direct  action 
on  the  nervous  tissues.  Experiments  on  animals  have  shown  that  the 
cortex  of  the  brain  is  less  excitable  after  the  administration  of  bromides  than 
it  was  before ;  and  Wright  states  that  excessive  doses  of  bromide  of  potassium 
produce  both  in  man  and  in  rabbits  degeneration  of  the  cortical  cells,  which 
begins  in  the  periphery  of  the  dendrons.  The  depression  is  seen  in  reduc- 
tion of  power  of  thought  as  well  as  reduced  sensibility  to  emotional  stimuli. 
It  depresses  the  function  of  the  sensory  tracts  of  the  cord  before  it  influences 
the  motor  and  peripheral  nervous  tracts.  Eeflexes  are  rapidly  reduced. 

Though  introduction  of  the  salt  into  the  circulation  through  the 
veins  causes  cardiac  depression,  lessening  the  force  and  frequency  of  the 
heart,  yet  when  given  in  ordinary  doses  by  the  mouth  there  is  very  little 
effect  produced  on  the  pulse  or  blood  pressure,  and  only  in  large  doses  is 
the  respiration  depressed.  In  some  patients,  and  if  the  drug  have  been 
given  too  concentrated  or  for  too  long  a  time,  the  digestion  suffers :  it  is  said 
the  gastric  juice  liberates  the  bromine,  and  that  this  acts  as  an  irritant. 

No  reduction  of  temperature  follows  unless  very  large,  in  fact  poisonous, 
doses  have  been  given.  General  tissue  waste  is  said  to  be  reduced  while 
the  bromides  are  being  taken;  and  it  is  stated  that  the  amount  of 
carbonic  acid  exhaled  is  decreased.  Bromides  considerably  diminish 
sexual  desire  and  power.  It  is  generally  accepted  that  the  potassium 
salt  is  the  most  depressing  of  all  bromides,  and  that  this  is  true  of  its 
action  on  all  the  parts  of  the  body. 

Bromism  is  the  name  given  to  a  train  of  symptoms  that  may  follow 
the  prolonged  use  of  the  drug.  The  length  of  time  necessary  to  produce 
them  varies  much  in  different  subjects.  The  symptoms  of  bromism  are 
a  general  reduction  of  muscular  power,  a  general  reduction  of  sensibility, 
especially  noticeable  in  the  pharynx,  a  foatid  smell  of  the  breath,  foul 
tongue,  bad  digestion,  anorexia,  anaemia,  dulness  and  slowness  in  reaction 
'  to  outside  stimuli,  loss  of  power  of  attention,  weakness  of  memory,  un- 
steadiness in  gait,  sleepiness,  loss  of  sexual  desire  and  power.  There  are 
also  commonly  skin  eruptions  closely  resembling  acne,  though  Crocker 
describes  all  forms  of  skin  disease  as  possibly  resulting.  There  may  be  a 
little  conjunctivitis  and  increased  secretion  from  the  bronchi.  The  treat- 
ment of  bromism  must  be  by  total  stopping  of  the  drug,  administration 
of  arsenic,  and  the  use  of  general  hygienic  measures. 
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In  some  cases  the  prolonged  use  of  the  bromides  leads  to  mental 
weakness,  which  may  pass  into  true  dementia,  or  which  may  develop 
hallucinations;  melancholia  or  even  acute  mania  have  been  noticed  to 
follow  the  use  of  the  drug.  In  my  experience  melancholia  is  not  very 
uncommon,  and  often  has  the  following  explanation.  A  patient,  after 
continued  use  of  the  bromide,  discovers  all  virility  absent,  and  begins  to 
wonder  if  he  is  not  permanently  impotent.  He  dwells  on  this,  and  as  a 
consequence  becomes  depressed  and  suicidal. 

It  has  been  recommended  that,  to  guard  against  these  possible  evil 
results  in  all  cases,  either  arsenic  should  be  given  with  the  bromide,  or 
that  alkaline  mineral  waters  should  be  given  at  the  same  time.  In  some 
cases  small  doses  of  belladonna  have  been  found  to  be  of  service  in 
checking  these  troubles. 

Therapeutics. — Probably  there  has  been  no  drug  which  has  been 
so  constantly  used  for  all  sorts  of  nervous  maladies  as  potassium  bromide, 
and  we  may  say  that  in  all  cases  where  there  is  evident  excitability  of  the 
nervous  system,  general  or  local,  it  is  well  to  try  the  drug.  It  has  won 
its  chief  reputation  as  a  cure  for  epilepsy.  It  is  more  useful  in  the  fully 
developed  form  of  this  disease  than  in  the  "  petit  mal." 

Gowers  suggests  that  its  action  is  chemical,  and  that  it  takes  place 
probably  in  the  finely-divided  grey  substance  at  the  extremity  of  the 
dendrons,  for  it  is  most  likely  that  it  is  there  that  the  transformation  of 
latent  chemical  energy  into  nervous  energy  takes  place.  There  is  little  or 
no  difference  in  the  efficacy  of  different  bromides  for  epilepsy,  nor  is  there 
any  reason  to  suppose  that  a  combination  of  them  is  better  than  any  one. 
Bromide  of  strontium  has  been  much  used,  but  it  is  doubtful  whether  in 
ordinary  epilepsy  it  acts  better  than  other  bromides.  The  most  important 
point  in  the  treatment  of  epilepsy  is  to  remember  that  the  bromides  must 
be  continued  for  a  long  time  without  interruption.  Gowers  says  :  "  It  is 
neccessary  to  continue  the  regular  administration  of  it  for  two  years  after 
the  occurrence  of  the  last  attack  of  any  kind,  and  then  to  spend  another 
year  in  gradually  diminishing  the  dose.  Not  until  the  end  of  the  third 
year  is  it  reasonably  safe  to  omit  the  medicine  altogether.  .  .  .  But  the 
temptation  to  leave  off  the  medicine  is  very  great  when  the  attacks  have 
ceased  ;  but  it  is  then  that  the  prospect  of  a  cure  makes  persistence  of  the 
greatest  importance.  ...  So  long  as  minor  attacks  occur,  it  is  practically 
certain  that  a  severe  attack  will  soon  follow  discontinuance  of  the 
treatment."  Usually  it  is  advisable  for  the  patient  to  have  60  grs.  of  the 
bromide  of  an  alkaline  metal  daily,  either  20  grs.  thrice  a  day  or  30  grs. 
twice  a  day.  It  may  be  necessary  to  give  more,  but  few  patients  can 
stand  more  than  90  grs.  daily  for  a  long  period.  It  has  been  tried  to 
thoroughly  saturate  the  patient  by  giving  gradiially  increasing  doses  till 
from  200  to  400  grs.  are  taken  in  a  day,  but  no  good  follows  this  plan, 
and  it  may  produce  serious  mental  symptoms. 

Bromides  have  been  given,  and  with  varying  success,  in  all  convulsive 
disorders  ;  in  hysteria  at  times  they  serve,  if  given  only  when  a  hysterical 
attack  is  imminent;  in  some  of  the  hypersensitive  states  of  adolescence 
they  are  also  useful,  if  the  administration  be  not  left  in  the  hands  of  the 
patient  himself.  In  infantile  convulsions  associated  with  teething,  with 
whooping-cough,  and  in  some  cases  of  ataxic  crises,  they  are  of  value.  In 
children,  too,  who  are  subject  to  night  terrors,  or  those  subject  to  som- 
nambulism, small  nightly  doses  may  be  given  for  some  months  together, 
so  as  to  break  the  habit ;  again,  in  some  cases  of  intractable  wetting  of 
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the  bed,  similar  treatment  may  be  useful.  In  laryngismus  stridulus  they 
also  relieve.  In  sleeplessness,  associated  with  worry  rather  than  pain,  they 
are  to  be  recommended,  e.g.  in  patients  who  complain  that  no  sooner  do 
they  get  to  bed  than  a  tumult  of  thoughts  surge  through  their  excited 
brains  and  prevent  all  notion  of  sleep. 

In  some  women  suffering  from  dysmenorrhoaa,  relief  is  afforded  by  the 
use  of  the  bromides,  which,  too,  are  very  beneficial  in  the  restless  nervous- 
ness occurring  at  the  climacteric,  and  as  frequently  this  is  connected  with 
sexual  erethism,  they  are  doubly  useful. 

Bromides  have  been  found  to  occasionally  relieve  the  terrible  depres- 
sion which  follows  the  sudden  removal  of  morphia  in  cases  of  morphino- 
niania.  In  the  sickness  of  pregnancy  and  in  sea-sickness  more  or  less 
relief  has  followed  their  use. 

In  mental  disorder  of  all  kinds,  bromides  have  been  looked  upon  as 
the  first  thing  to  try,  and  I  fear  we  are  hardly  in  a  position  to  say  how 
much  good  and  how  much  harm  have  been  done  thereby.  In  early  mania, 
with  a  tendency  to  eroticism,  they  may  be  of  service,  but  their  prolonged 
use,  or  their  use  in  large  doses,  rapidly  reduces  the  vital  power  of  the 
patient,  and  I  have  often  seen  very  grave  cases,  resembling  acute  delirious 
mania,  which  really  depended  on  the  injudicious  use  of  these  drugs.  In 
the  early  sleeplessness  of  melancholia  they  are  of  little  service  in  producing 
sleep,  and  as  often  in  these  cases  they  cause  a  further  distaste  for  food, 
they  may  be  harmful.  In  acute  mania  associated  with  alcoholism  they  may 
be  of  use  in  large  single  doses,  but  I  prefer  to  give  them  in  cases  of  this 
disease  which  are  allied  to  or  associated  with  epilepsy,  for  in  some  young 
impulsive  patients  there  seems  to  be  an  epileptic  or  convulsive  tendency 
which  may  be  alleviated  by  bromides.  As  I  have  said,  their  use  is  very 
common,  and  it  must  never  be  forgotten  that  the  insane  epileptic  has 
already  a  very  unstable  nervous  system,  which  may  be  readily  brought 
even  lower  by  a  continued  use  of  a  depressing  drug,  liayner,  when  at 
Hanwell,  found  it  much  better  to  neglect  the  fits  in  many  cases  than 
to  give  bromides  constantly.  In  insanity,  especially  of  the  maniacal  type, 
they  are  generally  combined  with  chloral. 

The  dose  given  to  mental  cases  will  vary  with  the  age  and  with  the 
effect  intended  to  be  produced ;  as  a  rule,  I  prefer  to  give  good  large  doses 
once  or  twice  daily,  rather  than  to  give  the  medicine  every  three  or  four 
hours.  I  prefer  giving,  for  an  adult,  about  40  to  60  grs.  night  and 
morning,  or  before  or  after  a  fit.  I  do  not  approve  of  giving  the  drug  in 
food,  in  order  that  it  may  be  hidden  from  the  patient's  knowledge,  as 
this  leads  to  suspicion.  It  may  be  given  by  enema  in  drm.  doses,  and  in 
infantile  convulsions  5  grs.  may  similarly  be  administered.  In  sickness 
it  may  be  given  in  a  state  of  effervescence,  using  citric  acid  and  potassium 
bicarbonate.  As  already  said,  if  the  medicine  is  to  be  continued  for  long 
periods,  it  is  well  to  guard  against  bromism.  It  is  well  also  to  remember 
that  bromides  are  not  suitable  to  cases  of  extreme  exhaustion,  with  dry 
tongue  and  rapid  pulse,  nor  in  cases  where  the  stomach  mucous  membrane 
is  irritable. 

Though  potassium  bromide  was  the  drug  most  in  favour  for  long 
periods,  yet  now  it  is  comparatively  rarely  given  alone  in  mental  cases. 
It  is  probable  that  the  potassium  is  partly  the  cause  of  depression  produced 
by  it,  and  to  counteract  this  it  is  often  combined  with  the  ammonium  or 
the  sodium  bromide  ;  but  it  appears  that  the  potassium  salt  is  still  the  more 
efficient.  In  epilepsy,  of  late  years  the  strontium  bromide  has  been  much 
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used,  and  has  been  said  to  hardly  ever  give  rise  to  any  of  the  symptoms  of 
bromism.  I  have  used  it  largely  in  epileptic  conditions  in  the  insane,  and 
I  have  found  it  answer  well;  and  in  some  instances  where  the  other 
bromides  have  failed,  it  has  done  good.  The  bromides  of  the  metals 
lithium,  iron,  nickel,  zinc,  and  gold  are  not  often  used,  but  have  in  nervously 
weak  and  convulsive  states  been  reported  as  of  service.  In  one  or  two 
cases  of  irritability  and  sleeplessness  in  old  people,  I  have  known  the  gold 
bromide  to  answer  satisfactorily.  The  dose  of  bromide  of  zinc  is  3  to  10 
grs.,  that  of  lithum  bromide  5  to  10  grs.,  and  that  of  strontium  bromide  or 
calcium  bromide,  10  to  30  grs.  That  of  gold  bromide  is  TV  to  \  gr.,  of 
iron  bromide  3  to  10  grs.,  and  of  zinc  bromide  the  same. 

BROMAL  HYDKATE  has  been  given  in  doses  from  2  to  5  grs.,  but  has 
little  evidence  in  its  favour,  though  it  has  been  recommended  in  some 
cases  of  acute  inflammatory  gout.  It  is  soluble  in  water,  but  often  upsets 
the  stomach. 

BEOMOFOEM  is  a  liquid  soluble  in  ether  and  alcohol.  It  has  been  used 
in  whooping-cough  with  considerable  success ;  to  give  relief,  a  half  to  three 
drops  are  mixed  with  some  alcohol  or  tincture,  or  given  in  a  capsule  when 
the  paroxysms  are  marked. 

CAMPHOEA  MONOBEOMATA  (U.S.P.),  or  monobromated  camphor. — In  this 
one  atom  of  hydrogen  in  camphor  is  replaced  by  one  of  bromine.  At  one 
time  it  was  thought  it  would  be  found  to  be  a  valuable  antispasmodic,  but 
it  is  rarely  used  now.  It  is  of  use  in  chordee,  and  has  been  found  of  use 
in  spermatorrhoea.  It  is  very  offensive,  and  must  be  given  in  capsule. 
The  dose  is  2  to  10  grs. 

ACIDUM  HYDEOBEOMICUM  DILUTUM  (B.P.  and  U.S.P.). — It  dissolves  the 
quinine  salts  readily,  and  is  combined  with  them  to  prevent  the  symptoms 
of  quinine  poisoning.  It  is  rarely  given  alone.  It  is  sedative  and  less 
depressing  than  the  bromine  salts.  In  some  conditions  of  sleeplessness  and 
nervous  weakness  following  acute  illnesses  it  is  very  useful.  I  often  give  it 
combined  with  sulphate  of  quinine,  or  small  doses  of  ammonium  bromide 
and  caffeine  citrate  combined  with  quinine,  in  the  nervous  weakness  with 
feeble  circulation  seen  in  adolescents.  I  find  it  may  be  given  in  doses  from 
10  minims  to  1  drm.,  and  chloroform  water  is  a  very  good  vehicle  to  mask 
the  taste.  It  has  been  recommended  for  auditory  vertigo. 

CHLOEAL  AND  ALLIED  COMPOUNDS. 

CHLOEAL,  called  CHLOEAL  HYDKATE  in  the  B.P.,  but  chloral  in  the 
U.S.P.,  solidifies  at  about  120°  F.,  boils  from  202°  to  206°  F.,  and  sublimes 
as  a  white  crystalline  powder.  It  is  soluble  in  water,  alcohol,  ether,  turpen- 
tine, and  the  oils.  It  may  be  given  by  mouth  in  from  5  to  20  grs.  to 
adults,  and  repeated  within  an  hour  or  two  if  necessary  up  to  60  grs.  It 
may  be  given  by  rectum  in  large  doses,  say  from  20  grs.  to  1  drm.,  in  some 
bland  fluid.  In  children  it  should  be  given  in  small  doses  to  begin  with, 
from  2  to  10  grs. 

It  is  conveniently  given  in  the  syrup  (B.P.),  which  contains  10  grs.  to  the 
drm.  It  may  be  given  as  a  suppository.  It  has  been  combined  with  many 
other  sedatives,  such  as  camphor,  bromides  (in  bromidia),  and  antipyrin. 
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Pharmacology. — Liebreich  and  Vulpian,  and  later  Wood,  performed 
many  experiments  on  the  lower  animals  in  relation  to  chloral  hydrate. 
They  administered  it  by  mouth,  by  rectum,  by  introduction  into  the  veins, 
and  also  subcutaneously.  If  it  was  given  in  sufficient  quantity  to  kill, 
it  produced  amesthesia  first,  and  caused  cessation  of  respiration  before 
cardiac  failure.  If  introduced  into  the  veins,  the  effects  are  more  pro- 
nounced, the  anaesthesia  being  more  distinct.  The  chemical  changes  pro- 
duced in  the  blood  are  not  known,  but  it  has  been  proved  that  the  chloral 
acts  as  chloral,  and  is  not  converted  into  chloroform  in  the  blood. 

If  the  drug  is  given  to  human  beings,  the  following  effects  have  been 
noticed : — The  acrid  taste  in  a  few  cases  causes  gastric  trouble,  and 
some  weak-minded  patients  refuse  to  take  the  drug.  In  some  a  good  deal 
of  gastric  irritability,  with  pain  but  without  sickness,  follows  its  use 
in  large  or  continued  doses.  The  pulse  is  not  at  first  affected,  but  later  it 
is  slowed  arid  the  tension  reduced.  The  pupils  contract,  but  react  and 
dilate  on  awakening.  Respirations  are,  to  begin,  deep,  regular,  and  rather 
slowed.  With  an  increased  dose  the  sleep  is  more  profound,  respiration 
and  pulse  rate  are  reduced,  though  in  toxic  doses  the  pulse  becomes 
accelerated.  The  chloral  is  said  to  pass  into  the  blood  and  cause  action  on 
the  blood  itself,  the  smaller  vessels,  and  the  nervous  centres  which  control 
the  circulation.  The  result  of  all  this  is  marked  loss  of  temperature, 
which  follows  exhibition  of  large  doses.  The  anaesthesia  produced  by 
it  has  been  often  used  in  the  physiological  laboratory.  At  the  time 
when  anesthesia  appears,  the  muscular  refiexes  are  reduced,  the  muscles 
themselves  becoming  flaccid.  Thus  the  animal  or  person  dying  from 
chloral  is  paralysed  with  defect  of  respiration. 

It  is  important  to  remember  that  the  loss  of  body  heat  seems  to  have 
a  serious  effect  in  cases  of  poisoning  by  this  drug,  and  if  artificial  warmth 
as  well  as  artificial  respiration  are  kept  up  the  patient  may  be  saved. 
Locally,  alone  or  combined  with  other  drugs,  especially  camphor,  it  has 
been  used  as  an  antiseptic  and  also  as  an  anodyne.  It  will  produce 
temporary  drunkenness  and  marked  inco-ordination  of  limbs  in  walking. 

Therapeutics. — Chloral  hydrate  is  used  chiefly  as  a  hypnotic  in 
cases  in  which  the  sleeplessness  does  not  depend  on  any  painful  cause, 
and  also  in  cases  in  which  there  is  no  serious  implication  of  cardiac  or 
respiratory  action.  It  is  given  in  certain  spasmodic  diseases,  such  as 
whooping-cough,  asthma,  and  croup.  It  is  also  given  in  more  severe 
spasms,  such  as  those  produced  by  strychnine  or  seen  in  tetanus. 

Locally,  it  is  used  as  antiseptic  and  anodyne  if  diluted,  but  as  a  local 
irritant  if  applied  direct  and  unadulterated.  Applied  as  a  powder  to  the 
skin  directly,  it  will  produce  a  blister,  with  little  or  no  pain.  It  is  useful 
as  a  lotion  in  some  indolent  ulcers ;  for  this  purpose  it  should  be  dissolved 
in  water,  1  drm.  to  the  pint.  In  some  cases  of  eczema  it  is  also  useful  as 
a  lotion,  and  may  be  used  of  the  strength  of  from  1  to  4  drms.  to  the  pint. 
It  may  be  here  mentioned  that  the  use  of  chloral  hydrate  has  been 
shown  to  be  a  cause  of  various  skin  eruptions. 

Chloral  hydrate  may  be  rubbed  down  with  camphor,  and  the  resulting 
mucilaginous  compound  may  be  applied  locally  as  an  anodyne  in  neuritis 
and  neuralgia. 

As  a  hypnotic,  it  as  a  rule  acts  rapidly  if  it  is  effective,  and  unless 
sleep  is  produced  in  half  an  hour  it  may  be  repeated.  It  should  be  given 
in  fair  doses — I  think  seldom  less  than  15  grs.  being  efficient  in  an  adult 
with  marked  sleeplessness.  The  syrup  (B.P.),  containing  10  grs.  to  the 
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drm.,  is  a  useful  preparation,  but  it  is  well  to  dilute  it  so  as  to  give 
a  dose  of  at  least  1  oz.  of  fluid.  The  drug  may  be  given  for  many  nights 
consecutively  without  increase  of  dose,  but  then  it  is  necessary  to  increase 
it  gradually  if  it  is  to  be  relied  upon  to  produce  sleep,  and  I  think 
when  this  is  necessary  it  is  better  to  change  the  hypnotic.  I  have  known 
it  to  be  very  useful  to  some  business  men  who  periodically  have  seasons 
of  worry,  anxiety,  and  excitement ;  these  may  during  such  times  take 
chloral  with  real  advantage  for  several  nights,  but  it  is  essential  for  their 
welfare  that  the  use  should  be  only  associated  with  the  worries.  In 
some  cases  where  habitual  sleeplessness  has  been  established,  continuous 
use  of  this  drug  for  a  week  will  break  down  the  habit  of  sleeplessness.  It 
is  of  little  or  no  service  in  cases  of  pain  causing  sleeplessness ;  and  though 
it  may  serve  sometimes  in  delirium  tremens,  I  do  not  care  to  use  it ; 
for.  in  the  first  place,  its  effect  is  not  certain,  and  next,  it  is  a  cardiac 
depressant,  and  therefore  not  to  be  used  too  freely  in  cases  of  alcoholics. 

In  some  cases  when  the  restlessness  of  chorea  prevents  sleep,  chloral 
is  beneficial ;  the  same  may  be  said  of  asthma — though  it  is  only  of  tem- 
porary use,  yet  it  will  alleviate  the  paroxysms.  In  sea-sickness  it  may 
do  good,  though  chlorobrom  (see  p.  308)  has  been  more  highly  recommended. 
I  have  found  the  best  plan,  if  choral  is  used,  is  for  the  person  who  is 
going  a  voyage,  or  even  crossing  the  Channel,  to  take  5  grs.  every  second 
hour,  for  three  doses,  before  starting;  to  take  10  grs.  on  going  on  board; 
then  to  lie  down,  and,  if  uneasy,  to  repeat  5  gr.  doses  every  hour,  till  in 
all  60  grs.  have  been  taken.  In  most  cases  the  earlier  doses  will  have 
produced  a  calm,  which  allows  the  patient  to  get  slowly  accustomed  to 
the  movement  of  the  ship. 

In  my  experience  choral  is  not  useful  in  cases  of  cerebral  traumatism, 
whether  the  restlessness  be  due  to  injury  such  as  blows  on  the  head,  or 
to  apoplexies  which  are  internal  injuries.  In  some  severe  convulsive 
seizures  it  is  useful  in  small  doses ;  it  is  beneficial  in  infantine  fits,  either 
given  by  mouth  or  bowel.  It  has  been  employed  in  some  cases  of  tetanus, 
and  in  some  of  strychnine  poisoning,  and  in  severe  epileptic  fits  it  is  often 
valuable.  Whether  the  fits  are  due  to  true  epilepsy,  or  are  symptoms  of 
general  paralysis  of  the  insane,  a  dose  of  1  drm.,  given  by  enema,  may 
almost  at  once  arrest  the  convulsions.  In  some  cases  of  epileptic  mania 
I  have  known  a  dose  of  chloral  administered  by  the  bowel  arrest  or 
prevent  the  subsequent  maniacal  attack.  In  simple  epilepsy  it  has  been 
given,  but  I  do  not  think  with  any  real  amount  of  success. 

It  has  been  given  in  labour  to  reduce  the  sensibility,  but  I  have  no 
experience  of  this  use,  and  the  reports  are  not  very  favourable,  though  in 
some  cases  of  puerperal  eclampsia  it  has  certainly  been  valuable.  After  its 
introduction  as  a  hypnotic,  its  employment  alone,  or  in  association  with 
the  bromides,  in  the  treatment  of  mania  was  all  but  universal,  the  very 
term  "  chemical  restraint "  having  been  coined  to  describe  its  use  or 
abuse.  It  was  looked  upon  as  the  recognised  treatment  of  mania ; 
nowadays  it  is  not  nearly  so  often  used  in  these  cases.  It  is  useful  under 
the  following  conditions: — Simple  hysterical  excitement,  occurring  in 
unstable  persons.  Maniacal  outbreaks  may  be  avoided  in  a  few  such 
cases,  and  recurrent  attacks  may  be  prevented.  It  is,  as  already  said, 
beneficial  in  epileptic  mania.  It  is  most  useful  in  the  delirious  forms  of 
mental  disorder,  and  in  many  cases  of  acute  delirious  mania  it  is  as 
important  as  food  and  alcohol  in  the  saving  of  life.  In  such  cases, 
repeated  doses  of  from  10  to  30  grs.  every  two  or  three  hours  may  be 
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given,  with  abundant  food  and  stimulants.  It  must  be  understood  that 
after  the  continued  use  of  such  doses  the  patient  will  almost  certainly 
be  in  a  state  of  profound  mental  exhaustion,  and  it  is  necessary  to  leave 
off  all  such  drugs  as  soon  as  possible ;  in  fact,  in  some  cases  the  delirious 
restlessness  is  kept  up  by  the  continued  use  of  chloral.  I  do  not  think  the 
drug  is  useful  in  ordinary  cases  of  melancholia,  and  the  more  this  tends 
to  stupor  or  torpor,  the  less  is  it  to  be  used.  The  tendency  to  vascular 
stasis  contra-indicates  its  use. 

In  some  extreme  cases  of  delirious  mania  the  drug  is  vomited,  and 
in  such  cases  a  small  amount  of  cocaine,  added  may  enable  it  to  be 
retained. 

Toxicology. — Whether  chloral  hydrate  be  given  in  mental  disease 
or  as  a  simple  hypnotic,  there  is  danger  of  the  establishment  of  a  habit 
and  of  a  craving  for  the  drug,  and  I  have  met  with  patients  who  took  their 
dose  of  chloral  just  as  another  would  take  his  brandy  and  soda.  One 
result  of  chloral-taking  is  a  feeling  of  depression,  with  gastric  sinking, 
in  the  morning,  and  persons  who  suffer  from  this  describe  a  suicidal 
inclination  also.  I  have  seen  several  cases  in  which  the  prolonged  use  of 
chloral  hydrate  has  been  followed  by  symptoms  resembling  those  of  delirium 
tremens ;  in  one,  at  least,  the  diagnosis  between  chloral  hydrate  poisoning 
and  general  paralysis  of  the  insane  was  very  difficult.  The  continued  use 
of  the  drug  also  leads  to  mental  weakness.  There  is  emotional  weakness, 
loss  of  moral  sense,  untruthfulness,  dishonesty,  impulsiveness,  later  loss  of 
memory,  confusion  as  to  times  and  places,  a  condition  allied  to  the  mental 
weakness  and  confusion  of  old  age,  and  there  may  be  some  loss  of  muscular 
power,  with  tremor  of  the  more  highly  developed  muscles.  The  develop- 
ment of  bed-sores,  purpura  and  allied  indications  of  nervous  exhaustion, 
have  also  been  described.  Very  large  single  doses  of  chloral  hydrate  may 
kill  outright,  or  may  leave  a  state  of  acute  dementia  or  stupor. 

BUTYL  CHLORAL  HYDRATE  (B.P.),  introduced  by  Liebreich  as  croton 
chloral  hydrate,  is  formed  by  the  action  of  chlorine  on  aldehyde.  It  occurs  as 
crystalline  tablets,  which  have  much  the  same  acrid  taste  as  chloral  hydrate. 
They  are  slightly  soluble  in  cold  water,  about  1  to  45  parts  ;  more  soluble 
in  alcohol,  and  freely  soluble  in  glycerin.  It  may  be  given  in  doses  from 
5  to  20  grs.,  in  form  of  pill  or  cachet,  or  dissolved  in  glycerin.  Its  action 
is  fairly  rapid,  producing  sleep  in  less  than  half  an  hour.  It  produces  not 
only  sleep  but  also  anaesthesia ;  this  may  in  large  doses  become  very  well 
marked.  There  is  defect  or  reduction  of  the  muscular  reflexes,  yet  the 
muscles  seem  to  retain  their  tone;  the  pupillary  reflexes  are  reduced. 
There  is  reduction  in  blood  pressure,  but  this  is  followed  by  reaction.  If 
large  doses  are  administered  intravenously,  rapid  stoppage  of  the  heart 
follows.  Respiration  is  not  affected  at  first,  but  later  it  is  slowed.  In 
poisoning  by  this  drug,  arrest  of  respiration  is  the  immediate  cause  of 
death. 

In  most  respects  its  effects  are  similar  to  those  of  chloral  hydrate,  but 
in  addition  it  seems  to  have  great  power  in  arresting  certain  forms  of 
headache.  Thus  in  trigeminal  neuralgia  it  is  sometimes  efficacious ;  in 
the  headache  and  neuralgia  associated  with  carious  teeth,  in  headache  of 
pregnancy  and  of  neurasthenic  headaches,  it  is  often  of  service.  Though  it 
relieves  tic  douloureux  and  similar  painful  states,  the  relief  is  only  temporary. 
I  have  found  it  useful  in  certain  cases  in  which  there  is  vague  feelings  of 
"  buzzing  "  and  of  noise  in  the  head,  without  any  cause  to  be  detected.  I 
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have  also  tried  it  in  some  cases  of  Graves'  disease,  with  fairly  good  results. 
I  often  give  it  in  association  with  gelseminmn,  antipyrin,  or  sumbul.  A 
very  useful  pill  contains  3  grs.  of  croton  chloral  hydrate,  with  -.^-^  gr.  of 
gelsemine  hydrochloride. 

I  do  not  think  it  is  often  of  service  as  a  pure  hypnotic,  and  never  use  it 
as  a  sedative  in  insanity. 

CHLOKALAMIDE  (Syn.  CHLORAL  FORMAMIDE). — It  is  formed  hy  the  addi- 
tion of  formamide  to  hydrate  of  chloral.  It  is  slightly  bitter,  occurs  in 
colourless  crystals  ;  it  is  only  very  feebly  soluble  in  water,  but  with  alcohol 
especially,  if  slightly  acidulated,  it  dissolves  readily.  I  generally  give  it 
with  spiritus  etheris  nitrosi,  or  it  may  be  given  in  mucilage.  It  may  be 
conveniently  dissolved  in  an  ounce  or  two  of  brandy  or  whisky,  water  is  then 
added,  and  the  whole  drunk  an  hour  or  so  before  going  to  bed.  If  given  in 
the  solid  form  (e.g.  in  a  cachet),  it  is  so  slowly  absorbed  and  dissolved  that 
the  sleep  does  not  come  on  till  the  time  the  patient  should  be  getting  up. 
I  prefer  to  give  from  15  to  30  grs.  as  a  dose;  it  often  acts  well  for  a  few 
nights,  then  fails  altogether. 

It  was  introduced  about  eleven  years  ago,  and  Hale  White  was  one  of 
the  first  to  employ  it  systematically.     He  recorded  his  results,  and  showed 
that  it  was  a  safe  and  useful  hypnotic.     It  is  of  value  in  similar  cases  to 
those  in  which  chloral  hydrate  has  been  given,  but  it  seems  to  act  also  in 
)me  cases  in  which  there  is  pain ;  therefore  in  neuralgia  and  locomotor 
itaxy  it  may  serve.      It  rarely  disagrees  with  the  stomach,  and  does  not 
eave  the  morning  depression.     Its  physiological  effects  are  similar  to  those 
}f  chloral  hydrate,  but  in  a  less  degree  ;  therefore  it  may  be  given  in  some 
ses  of  sleeplessness  with  heart  disease,  though  care  must  be  exercised 
watching  the  effects.       I  have  found  it  very  useful  in  cases  of  senile 
leeplessness,  and  in  cases  of  sleeplessness  associated  with  atheromatous 
vessels.     It  has  been  recommended  for  sea-sickness,  but  I  do  not  think  it 
as  good  as  chloral  hydrate  or  chlorobrom. 

CHLORALOSE  is  made  from  anhydrous  chloral  and  glucose.     It  is  soluble 
in  both  hot  water  and  alcohol.     Its  taste  is  very  unpleasantly  acrid,  and  it 
usually  given  in  cachets  containing  from  2  to  8  grs. 

Eichet  says  it  acts  primarily  on  the  grey  matter  of  the  cerebrum,  as 
shown  by  the  white  matter  being  more  readily  stimulated  than  the  grey 
animals  under  its  influence.  In  poisoning  by  it,  respiration  fails  before 
ic  heart's  action.  In  man  the  blood  pressure  is  said  to  be  raised  and  the 
ippetite  stimulated.  Temperature  falls,  the  brain  is  said  to  sleep  while 
cord  is  active.  The  muscles  retain  their  tone,  the  reflex  activity  is 
increased,  and  twitchings,  and  even  convulsions  may  occur. 

Bradbury  says  blood  pressure  is  lowered ;  and  this  apparent  opposition 
)f  authorities  rather  confirms  the  observation  of  Craig,  that  in  most  cases 
the  raising  of  pressure  is  followed  by  a  corresponding  depression,  and  in 
lost  cases  the  raising  and  lowering  of  pressure  have  to  be  considered  not 
ilone  but  in  their  degrees  and  the  time  occupied. 

Chloralose  acts  rather  rapidly  as  a  hypnotic  in  cases  similar  to  those  in 
rhich  chloral  hydrate  is  useful.  It  disagrees  with  more  people  than  do 
either  of  the  other  chloral  compounds,  and  in  my  opinion  is  hardly  a  drug 
to  be  recommended,  though  in  some  states  of  mental  excitement  it  has 
proved  of  use  when  other  remedies  have  failed.  If  continued  too  long,  or 
jiven  in  'unsuitable  cases  or  in  too  large  doses,  double  vision,  muscular 
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tremors,  and  restless,  sleepless  excitement  follow.     Also  haemoglobinuria 
may  follow. 

HYPNAL  is  a  compound  of  antipyrin  and  chloral ;  it  occurs  in  crystals, 
slightly  soluble  in  cold  and  freely  soluble  in  hot  water.  It  is  generally 
given  in  tabloids,  in  doses  from  10  to  30  grs.  It  is  both  hypnotic  and 
sedative.  I  have  found  it  very  useful  in  the  sleeplessness  following  influenza, 
also  in  some  conditions  in  which  there  is  an  irritating  cough  which  prevents 
sleep.  I  have  not  found  it  of  service  in  maniacal  conditions.  By  some, 
hypnal  is  looked  upon  as  almost  as  useful  as  opium,  in  conditions  in  which 
there  is  both  sleeplessness  and  pain. 

CHLOROBKOM  is  the  name  given  to  a  mixture  of  chloralamide  with 
potassium  bromide,  in  equal  quantities.  The  mixture  sold  as  chlorobrom 
is  flavoured  with  liquorice;  each  fluid  oz.  contains  15  grs.  of  potassium 
bromide,  with  15  grs.  of  chloralamide.  It  has  been  given  more  particularly 
for  sea-sickness.  The  method  recommended  is  to  take  a  free  purge,  such 
as  calomel,  before  the  voyage ;  then  on  an  empty  stomach,  on  going  on 
board,  to  take  a  fluid  oz.  and  go  to  bed.  This  is  useful,  but  I  do  not  think 
it  has  any  advantage  over  chloral  taken  in  the  same  way. 

SULPHONES. 

Three  members  of  this  group,  namely,  Sulphonal,  Trional,  and  Tetronal, 
are  used  in  medicine  as  hypnotics.  Their  structure  and  its  relation  to 
their  activity  has  already  been  discussed  (see  p.  18). 

SULPHONAL  (B.P.)  is  an  oxidation  product  resulting  from  the  com- 
bination of  ethylmercaptan  with  acetone.  It  occurs  in  colourless  crystals, 
or  more  often  in  a  powder ;  it  is  tasteless  and  odourless,  if  pure ;  is  only 
slightly  soluble  in  water  or  in  the  gastric  fluid,  and  about  1  in  90  of  cold 
alcohol. 

Pharmacology. — It  has  been  shown  that  on  its  passage  through 
the  body  it  is  decomposed ;  the  sulphur  forms  a  combination  with  some 
of  the  organic  materials.  It  acts  very  slowly,  in  consequence  of  its  insolu- 
bility. If  given  subcutaneously,  or  if  injected  as  a  warm  solution,  its  action 
is  prompt.  It  produces  sleep  in  very  variable  times,  and  in  very  large 
doses  seems  to  affect  the  voluntary  muscles,  producing  feeble  and  stagger- 
ing gait.  It  is  supposed  that  it  influences  chiefly  the  higher  nerve  centres, 
and  that  reflexes  are  reduced.  Little  or  no  effect  is  produced  on  the  circu- 
lation, but  it  may  produce  increased  arterial  tension  for  a  time,  but  this 
is  rapidly  replaced  by  relaxation.  In  large  doses  respiration  is  slowed. 
It  affects  the  blood  in  some  cases,  and  especially  in  women,  old  persons, 
and  generally  degenerate  subjects ;  hsematoporphyrin  may  appear  in  the 
urine. 

It  does  not,  as  a  rule,  influence  digestion  or  general  nutrition,  but  the 
lethargy  and  muscular  weakness  often  continue  very  long  after  the  exhi- 
bition of  the  drug. 

Large  doses  may  lead  to  serious  or  fatal  results,  but  in  most  cases  any 
dangerous  symptoms  pass  away  with  the  withdrawal  of  the  drug.  Mental 
depression,  or  even  mental  weakness,  may  follow  larger  or  continued  doses. 

Therapeutics. — Sulphonal  may  be  given  in  doses  from  10  to  30  grs. 
to  adults,  either  in  tabloids,  cachets,  suspended  in  mucilage  or  in  warm 
alcoholic  drink,  but  the  tabloids  frequently  pass  through  the  bowels 
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unchanged.  It  should  be  given  one  or  two  hours  before  its  full  effects 
are  desired ;  so,  if  given  for  sleeplessness,  it  should  be  taken  an  hour 
before  bedtime.  It  acts  slowly,  the  effect  is  very  often  very  prolonged, 
so  that  after  a  full  dose  the  patient  may  be  dull  for  forty-eight  hours 
after.  It  has  been  used  chiefly  as  a  hypnotic  in  cases  where  there  has 
been  prolonged  sleeplessness,  with  consequent  restlessness  and  worry.  It 
is  useful,  too,  in  cases  of  recurring  mania,  in  which  the  signs  of  the 
recurring  excitement  are  marked,  a  full  dose  being  given  with  the  earliest 
threatenings  of  the  storm. 

In  delirium  and  delirious  states  I  have  found  it  of  service ;  thus,  in 
some  cases  I  have  in  delirium  tremens  given  it  during  the  period  of  great 
excitement,  after  chloroform  has  been  administered  for  an  hour,  or  even 
longer.  This  method  has  allowed  the  sulphonal  in  large  doses,  ranging 
from  -A  to  1  drm.,  the  patient  then  passing  many  hours  in  placid  sleep,  and 
awakening  fairly  reasonable.  In  such  cases  feeding  must  not  be  neglected, 
even  though  the  patient  is  dull  and  sleepy.  In  the  sleeplessness  following 
influenza,  sulphonal  is  often  of  use.  I  think  that  in  those  who  have  had 
prolonged  strain,  and  who  are  sleepless,  that  it  is  well  to  give  a  full  dose 
of  sulphonal  at  a  time  when  the  patient  is  prepared  to  remain  in  bed  for 
forty-eight  hours.  Thus  I  have  known  busy  barristers  or  engineers,  who 
have  had  a  prolonged  strain  from  some  important  business,  and  who  felt 
they  were  losing  their  self-control,  take  30  grs.  on  a  Saturday  night,  and 
be  quite  ready  for  their  work  on  the  Monday.  Though  the  drug  has  been 
riven  in  many  of  the  conditions  allied  to  the  neuroses,  such  as  asthma, 
liabetes,  or  megrim,  I  have  no  satisfactory  results  to  report. 

I  have  found  it  useful  in  breaking  the  morphia  habit,  and  also  in  other 

istances   where   a   craving  has   to   be  met  and    treated  in   a   weakly 

3rson.  As  a  rule  the  dose  has  to  be  steadily  increased,  and  I  have  known 
a  habit  to  be  established,  with  all  the  moral  and  physical  weakness  con- 
nected with  such  habits. 

Toxicology. — I  have  seen  serious  results  follow  the  continued  use  of 
the  drug,  but  in  many  instances  it  has  in  my  experience  been  taken  for 

lonths  or  years  without   harm.     Haeniatoporphyrinuria  may   follow  its 

Iministration,  and  this  may  occasionally  be  associated  with  physical  and 
mental  weakness, or  even  with  paralysis.  The  appearance  of  haematoporphy- 
rin  in  the  urine  should  always  lead  to  the  withdrawal  of  the  sulphonal. 

Jhronic  sulphonal  poisoning  is  marked  by  disturbances  of  the  digestive 
functions,  constipation  or  diarrhoea,  anorexia,  and  bad  nutrition ;  there  may 
be  great  reduction  in  amount  of  urine  passed,  or  albumin  may  occur ; 
various  forms  of  nervous  paresis  may  also  be  present. 

There  are  many  cases  on  record  of  poisoning  by  large  single  doses  of 
sulphonal.  The  symptoms  are  extraordinarily  prolonged  sleep,  lasting 
many  days,  with  very  little  disturbance  of  circulation  or  respiration,  an 
erythematous  rash,  ptosis,  altered  pupils,  paralysis  of  the  sphincters, 

mria,  hienatoporphyriuuria,  and  a  fall  of  temperature.     A  dose  of  3  oz. 

iras  recovered  from,  but,  on  the  other  hand,  450  grs.  proved  fatal  in  three 

iys,  with  complete  anuria. 

TRIONAL  is  not  official  in  either  Pharmacopoeia.  It  occurs  in  small 
shining  crystals,  which  are  freely  soluble  in  alcohol,  and  soluble  in  about 
320  of  water.  Its  taste  is  bitter  but  not  unpleasant.  It  may  be  given 
in  solution  or  in  cachets;  it  is  better  to  begin  with  about  20  grs.,  to 
be  followed  by  doses  of  10  or  15  grs.  more  in  an  hour;  not  more  than 
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about  60  grs.  should  be  given  to  an  adult  during  a  night.  It  has  been 
given  for  cases  of  restlessness  in  lung  disease,  specially  in  phthisis,  and  it 
is  said  in  these  cases  to  check  night  sweats.  In  such  cases  it  is  well 
to  give  the  drug  the  last  thing  at  night  with  some  warm  beef-tea  or 
broth. 

Trional  is  almost  useless  in  painful  states.  I  have  not  found  it 
often  of  service  in  chronic  cases  of  mental  disorder,  nor  in  habits  of 
morphia,  chloral,  or  alcohol  taking.  It  is,  as  a  rule,  free  from  danger ; 
and  though  I  have  known  large  single  doses  (say  100  grs.)  taken,  I  have 
never  observed  serious  effects. 

Trional,  in  my  experience,  is  invaluable  under  certain  conditions,  such 
as  those  associated  with  overwork.  When  men  go  to  bed  unable  to  dis- 
charge from  their  minds  the  work  of  the  day  or  the  duties  of  to-morrow, 
I  have  found  20  grs.  of  trional  give  rest,  and  leave  no  evil  after-effects. 
It  acts  promptly,  so  that,  if  taken  on  getting  into  bed,  sleep  may  follow 
in  twenty  minutes.  In  many  cases  it  is  apt  to  lose  its  effects,  so  that 
I  am  in  the  habit  of  ordering  trional  for  several  nights,  then  leaving 
it  off  or  trying  chloral  or  sulphonal.  In  barristers,  politicians,  and  men 
who  have  to  be  ever  ready,  trional  may  be  most  useful  to  prepare  for 
a  forensic  battle  when  sleep  has  been  disturbed.  In  neurasthenia  also, 
with  its  vague,  restless  feelings,  it  is  of  use ;  in  simple  hysterical  cases, 
and  in  some  few  cases  of  simple  melancholia,  with  no  marked  delusions, 
I  have  found  it  useful;  but  I  have  almost  always  found  it  was  only 
really  to  be  trusted  in  the  more  simple  cases.  I  have  given  it  in  continu- 
ous doses  for  acute  mania  with  violence,  with  temporary  success,  but  in 
one  such  case  there  was  a  rapid  development  of  hsematoporphyrinuria. 
There  was  also  marked  loss  of  muscular  power,  chiefly  in  the  upper 
extremities.  This  weakness  lasted  for  some  days,  but  in  the  end  both 
the  urine  and  the  muscles  became  normal. 

I  have  never  yet  seen  a  patient  who  had  established  a  habit  of  trional- 
taking ;  no  doubt  this  will  follow,  but  I  do  not  think  it  will  often  occur,  as 
the  sleep  is  so  passive  and  so  short  that  no  after-pleasure  can  be  looked 
for  from  its  use. 

TETRONAL  is  more  sedative  than  trional,  and  may  therefore  be  used 
if  there  is  pain,  but  it  does  not  so  readily  produce  sleep.  It  is  usually 
given  in  rather  smaller  doses  and  in  a  cachet. 

PARALDEHYDE. 

(B.P.    AND   U.S. P.) 

Paraldehyde  is  the  product  of  polymerisation  of  aldehyde  by  various 
acids  and  salts.  It  is  a  colourless  oily  fluid,  with  a  very  pungent  ethereal 
odour,  and  a  very  disagreeable  and  persistent  taste.  It  gives  at  first  a 
burning  sensation,  which  is  followed  by  a  feeling  of  cold.  It  requires  to 
be  kept  in  a  cool  place  in  well-stoppered  bottles.  It  is  freely  soluble  in 
alcohol,  moderately  soluble  in  cold  water.  It  must  be  administered  in  a 
highly  diluted  state;  it  may  be  mixed  with  mucilage  or  glycerin,  and 
Clouston  has  given  it  with  tincture  of  soap  bark  (quillaia),  which  emulsifies 
it ;  it  may  be  flavoured  with  bitters  or  with  cinnamon.  It  is  also  given  as 
an  elixir  with  glycerin,  alcohol,  oil  of  cinnamon,  and  oil  of  bitter  orange 
and  saccharin.  Capsules  containing  40  minims  are  also  used.  It  may 
be  given  as  an  enema. 
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Pharmacology. — It  acts  similarly  in  animals  and  in  man;  it  de- 
presses the  higher  nervous  centres  first,  later  it  reduces  the  reHexes,  and 
finally  there  is  marked  effect  on  the  spinal  cord  with  amesthesia  before 
death.  It  often  causes  gastric  irritation,  and  an  increased  fiow  of  urine. 
Although  in  many  ways  its  action  resembles  that  of  chloral,  it  produces  no 
cardiac  depression ;  indeed,  it  is  said  to  strengthen  the  cardiac  action.  It 
is  excreted  by  the  lungs,  and  hence  the  breath  smells.  It  is  said  to  have 
been  followed,  after  prolonged  use,  by  ulcers  about  the  nose,  gastric  catarrh, 
and  some  skin  affections.  It  is  also  probable  that  in  some  instances  it 
has  started  epileptic  convulsions  and  symptoms  like  those  of  alcoholism. 
The  system  is  very  tolerant  of  it,  as  a  rule,  and  it  may  be  continued  and 
found  useful  for  long  periods. 

Therapeutics. — It  has  to  be  given  in  rather  large  doses,  1  fluid  drm. 
being  the  smallest  dose  which  is  likely  to  be  of  service  for  an  adult  suffer- 
ing from  obstinate  sleeplessness.  It  is  best  given  in  doses  of  from  1  to  2 
drms.  diluted  up  to  1  or  2  oz.  of  fluid.  It  acts  rapidly,  usually  producing 
sleep,  if  it  is  to  be  of  service,  in  from  15  to  30  minutes.  The  sleep  is 
dreamless,  placid,  and  eminently  refreshing,  without  any  depression  or 
lassitude  in  the  morning,  the  appetite  in  many  cases  improving  during 
its  use.  The  bowels,  too,  are  rarely  affected  by  it,  though  I  have  known 
diarrhoea  to  follow  its  prolonged  use.  I  generally  give  directions  for 
1  drm.  to  be  given  on  getting  into  bed,  or  at  bedtime;  then,  if  this 
produce  no  sleep,  in  an  hour  the  dose  to  be  repeated ;  a  third  dose  may 
be  given  in  another  hour  if  no  sleep  has  followed.  After  trying  this  in 
acute  cases,  it  may  be  found  that  doses  of  from  1  to  4  drins.  may  be  given, 
and  I  have  known  maniacal  patients  take  1  oz.  during  a  night  without  any 
evil  results.  In  cases  of  gastric  irritability,  and  in  some  cases  in  which 
there  are  convulsions,  it  may  be  given  in  similar  doses  by  the  rectum. 
One  of  the  most  characteristic  symptoms  of  its  employment  is  the  strong 
ethylic  odour  exhaled  with  the  breath,  whether  given  by  mouth  or  bowel. 

Its  use  has  been  chiefly  confined  to  asylums.  It  is  most  useful  in  all 
cases  of  mental  excitement,  in  mania  of  all  forms.  I  like  it  in  cases  of 
early  mania,  in  general  paralysis,  in  delirious  mania  due  to  alcohol  or 
epilepsy.  It  is  useful  in  mental  excitement  associated  with  chorea ;  and 
in  many  cases  of  senile  excitement,  with  great  and  wearing  restlessness,  it 
is  the  best  remedy.  In  cases  where  there  is  heart  weakness,  or  some  form  of 
cardiac  disease  associated  with  the  mania,  it  is  very  useful  and  trustworthy. 
I  have  given  it  in  other  forms  of  mental  disorder,  such  as  melancholia  with 
sleeplessness,  and  though  it  has  produced  sleep  in  many  cases,  I  have 
been  disappointed  as  a  rule  with  it  in  such  conditions.  It  is  useful  in 
most  cases  of  simple  sleeplessness,  but  it  is  of  little  service  if  there  is  any 
active  pain,  or  if  there  is  cause  for  moral  worry  and  anxiety. 

It  has  been  found  of  service  in  severe  cases  of  convulsive  diseases ; 
thus,  in  some  cases  of  epilepsy,  in  chorea  with  sleepless  exhaustion,  and 
in  whooping-cough.  It  has  also  relieved  some  cases  of  polyuria.  In  spas- 
modic asthma  it  is  often  of  service  in  the  earlier  stages,  and  is  much  to  be 
preferred  to  morphine.  It  is,  because  of  its  unpleasant  odour  and  taste,  very 
unsuitable  for  children,  but  occasionally  it  relieves  spasmodic  cough  in 
them. 

I  have  only  once  met  with  the  establishment  of  the  habit  of  taking  it. 
This  was  in  a  medical  man.  The  chief  symptoms  were  the  constant  per- 
vading odour,  a  general  tendency  to  laziness,  to  letting  his  practice  take 
care  of  itself,  and  denial  of  the  use  of  the  drug  though  his  breath  betrayed 
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him.     1   believe  its  prolonged  use  will  tend  to  mental  weakness,  very  like 
that  produced  by  alcohol. 

It  1ms  been  used  as  a  means  of  self-destruction,  but  I  believe  with 
very  few  fatal  results.  The  patient  who  has  taken  a  large  overdose  passes 
into  an  unconscious  anesthetic  state.  Besides  the  stomach-pump,  it  is  well 
to  employ  subcutaneous  injections  of  strychnine,  and  to  use  means  to  keep 
up  the  bodily  heat. 

UKETHANE. 

Urethane  (Syn.  Ethyl-carbamate)  is  not  official  in  either  Pharmacopoeia. 
It  occurs  in.  colourless  prismatic  crystals,  which  dissolve  easily  in  cold 
water.  The  taste  resembles  that  of  salt ;  it  is  said  to  delay  digestion,  but 
it  has  no  irritant  effect  on  the  stomach.  It  is  believed  not  to  depress  either 
the  heart's  action  nor  to  affect  the  respiration,  and  not  to  produce  any 
effect  on  the  blood  pressure,  but  I  think  this  has  to  be  verified.  It  has  a 
distinctly  diuretic  effect.  It  may  be  given  in  doses  of  from  10  to  60  grs., 
half  an  hour  before  the  time  when  sleep  is  desired.  Its  action  often  is 
rapid,  but  it  is  well  not  to  look  for  sleep  under  twenty  minutes. 

Urethane  is  very  useful  as  a  simple  hypnotic  where  there  is  no  pain, 
and  where  the  sleep  is  wanting  rather  from  habit  than  from  any  uneasy  feel- 
ing or  from  worry.  It  is  beneficial  in  some  cases  where  other  more  powerful 
drugs,  such  as  chloral,  have  been  continued  for  some  time,  and  where  the 
patient  looks  for  some  sedative  to  help  him  to  sleep.  It  is  useful  in 
children,  being  given  in  doses  from  3  to  5  grs.  in  syrup.  It  has  been  given 
in  cases  recovering  from  melancholia,  in  which  there  is  still  inability  to 
sleep.  It  is  useful,  too,  in  some  cases  of  sleeplessness  following  fevers  or 
following  excess  of  alcohol.  It  has  been  used  in  tetanus  and  in  strychnine 
poisoning,  but  I  have  no  experience  of  its  employment  in  such  cases.  In 
some  forms  of  restlessness  with  slight  cardiac  disease  it  is  of  value.  It  is 
at  times  combined  in  equal  doses  with  chloral  hydrate  to  give  sleep  in 
patients  with  irritable  or  weak  hearts,  but  I  do  not  think  it  is  trustworthy. 
I  have  not  found  it  of  much  use  among  the  insane,  but  in  simple  cases 
of  hysterical  mania  with  a  good  deal  of  muscular  restlessness  it  has  been 
of  service.  In  violent  mania  it  has  not  been  of  any  use,  nor  have  I  found 
it  of  use  in  acute  or  violent  alcoholic  cases.  It  has,  on  the  whole,  proved 
a  disappointing  drug. 

HYOSCYAMUS  ALKALOIDS. 

HYOSCINE. — This  drug  is  fully  described  in  the  Belladonna  group  (see 
p.  272).  Here  only  its  hypnotic  uses  will  be  mentioned.  It  is  given — usually 
as  a  hydrobromide — either  by  mouth  or  subcutaneously.  It  is  commonly 
provided  in  the  form  of  small  tabloids,  which  are  dissolved  before  use.  I 
think  it  unwise  to  begin  with  more  than  -^-^  gr.  subcutaneously,  and  then 
only  if  the  patient  is  not  exhausted  and  has  taken  food  or  stimulant 
recently ;  by  mouth  it  may  be  given  in  doses  of  y^  gr.  If  used  subcutane- 
ously, and  a  single  injection  fail  to  give  sleep,  it  may  be  repeated  at  inter- 
vals of  an  hour  up  to  three  doses  ;  being  tasteless,  it  is  easily  administered 
by  mouth.  It  has  been  given  for  various  ailments  for  which  belladonna  or 
atropine  have  been  useful,  but  as  a  rule  it  is  now  only  given  in  cases  of 
acute  insanity. 

It  is  very  useful  in  cases  of  acute  puerperal  mania,  in  cases  of  severe 
hysterical  mania,  in  which  there  is  complete  loss  of  self-control  and  a 
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tendency  to  constant  violent  muscular  movements.  In  delirium  tremens 
it  may  be  employed  if  the  patient  is  not  exhausted.  It  is  very  useful,  too, 
in  some  simple  cases  of  restless  insomnia,  but  in  such  cases  I  prefer  to 
give  it  by  mouth  in  doses  frequently  repeated.  I  have  known  rather 
serious  mental  collapse  follow  the  use  of  this  drug;  for  instance,  in  a 
weakly  hysterical  girl  who  was  very  excited,  the  result  of  giving  hyoscine 
was  a  prolonged  state  of  stupor. 

Some  patients  do  not  bear  the  drug  at  all  well,  and  I  have  known  a 
fatal  result  follow  the  exhibition  of  T^j-th  of  a  gr.  subcutaneously  in  a 
middle-aged  woman  suffering  from  acute  mania.  Others  have  had  the 
same  experience,  and  it  is  undoubtedly  a  drug  which  must  be  given  with 
great  care. 

When  used  as  a  mydriatic,  lamellte  may  be  employed,  but  poisonous 
symptoms  of  a  mild  kind  may  follow  the  instillation  into  the  eye.  I  have 
seen  delirium  follow  the  ophthalmic  use  of  duboisin,  and  I  have  heard  of 
similar  conditions  following  the  ophthalmic  use  of  both  hyoscine  and 
atropine.  If  serious  effects  result,  the  pulse  gets  slower  and  slower,  the 
breathing  becomes  affected  and  may  even  assume  Cheyne-Stokes  character  ; 
convulsions  may  then  follow.  In  such  cases  subcutaneous  injection  of  pilo- 
carpine  or  caffeine  are  the  best  remedies. 

HYOSCYAMINE  occurs  in  hyoscyamus,  but  also  in  a  good  many  other 
plants  of  the  same  order.  It  is  isomeric  with  atropine,  but  its  action  is 
more  sedative.  It  occurs  in  fine  white  crystals,  which  are  only  very 
slightly  soluble  in  water  (1  to  120),  more  soluble  in  alcohol,  have  no  smell 
and  but  little  taste.  The  sulphate,  which  occurs  in  the  form  of  white  soluble 
crystals,  which  may  be  given  in  doses  of  from  y^  to  T£F  gr.,  is  the  salt 
most  used.  This  drug  has  been  given  in  mania  similar  to  that  for  which 
hyoscine  has  been  employed,  but  I  do  not  know  of  any  advantage  it  has 
over  hyoscine.  It  has  been  given  more  in  some  of  the  convulsive  diseases, 
such  as  chorea,  paralysis  agitans,  and  the  like,  but  I  cannot  speak  highly  of 
it  from  personal  experience. 

G.   H.   SAVAGE. 


CANNABIS  INDICA. 

(B.P.    AND    U.S. P.) 

IN  both  the  British  and  United  States  Pharmacopoeias,  Indian  hemp  is 
described  as  the  flowering  tops  of  the  female  plant,  Cannabis  sativa,  grown 
in  India,  from  which  the  resin  has  not  been  removed.  The  British  Phar- 
macopoeia allows  either  flowering  or  fruiting  tops. 

The  name  Cannabis  indica  was  originally  given  to  the  resin-yielding 
plant,  under  the  belief  that  it  was  a  distinct  species.  It  is  now  generally 
regarded  as  a  variety  of  the  common  hemp,  Cannabis  sativa.  This,  in  tem- 
perate zones,  with  ordinary  cultivation,  yields  fibre  and  oil;  in  tropical 
or  subtropical  climates,  with  special  cultivation,  it  yields  a  peculiar  resin. 
The  old  names,  however,  are  retained  as  a  matter  of  convenience. 

The  influence  of  climate  has  been  proved  experimentally.  Hope  sowed 
the  seeds  of  the  resin-bearing  hemp  in  England,  and  obtained  a  plant 
without  any  narcotic  properties ;  Gastinelli,  reversing  the  experiment, 
sowed  the  seeds  of  the  fibre-producing  plant  in  Lower  Egypt,  and  observed 
an  increase  in  the  narcotic  effect  and  a  diminution  in  the  amount  and 


314  C ANNA  BIS  INDICA. 

quality  of  the  fibre  with  each  succeeding  year.  But  the  influence  is  not 
solely  one  of  climate.  Hemp  producing  a  good  fibre  may  be  grown  on 
the  plains  of  India,  whereas  the  best  resin  is  obtained  from  plants  grown 
in  Kashmir  and  on  the  higher  slopes  of  the  Himalayas  (4000  to  7000  ft.). 
Probably  the  mode  of  cultivation  is  of  most  importance.  To  obtain  the 
resin  the  land  is  carefully  prepared,  the  seedlings  are  planted  9  to  10  ft. 
apart,  and  great  care  is  taken  of  them  during  their  period  of  growth. 
The  fibre-yielding  hemp  is  sowed  thickly,  and  no  transplantation  is  made 
(iloyle).  This  insures  shade  and  moisture,  which  best  promotes  the 
growth  of  the  fibres.  As  the  resin-yielding  plant  is  the  only  one  of 
medicinal  importance,  it  is  the  only  one  with  which  we  shall  deal 
here. 

Historical. — The  discovery  of  hemp  is  lost  in  antiquity.  We  do  not 
know  whether  the  narcotic  properties  of  the  plant  or  its  fibre-yielding 
qualities  were  first  known.  As  a  short  stay  in  a  field  of  flowering  hemp 
is  said  to  cause  mild  intoxication,  it  has  been  assumed  that  the  intoxicating 
effects  were  earliest  discovered,  and  the  origin  of  the  Sanscrit  word  bhang l 
is  brought  forward  by  Leib  Lapin  to  support  this  view.  But  the  earliest 
authentic  references  point  to  its  use  in  the  arts.  In  an  old  Chinese 
manuscript,  the  "  Shu  "  (or  "  Shu-king  "),  Legge  tells  us  it  is  placed  between 
silk  and  lead ;  and  in  the  Artharva-Veda,  the  last  of  the  four  scriptures 
of  the  Hindus,  hemp  fibre  is  recommended  for  snares  and  to  suspend 
amulets  (Bloomfield).  The  supposed  allusions  to  its  early  use  as  an 
intoxicant  are  equivocal.  Brahmins,  by  the  "  Institutes  of  Manu,"  are 
prohibited  its  use.  Bhanya,  occurs  in  various  early  Hindu  works,  and  in 
the  "  Susruta,"  a  medical  treatise,  it  is  recommended  for  phlegm  in  the 
larynx  and  other  diseases  (Ken).  It  was  early  used  to  annul  the  pains 
of  operation.  In  a  Chinese  manuscript,  written  220  to  230  A.D.,  it  is  men- 
tioned for  this  purpose  (Julien).  No  mention  of  hemp  occurs  in  the  Bible, 
and  no  hempen  cloth  has  been  found  enveloping  mummies.  It  has  there- 
fore been  stated  that  this  plant  was  unknown  to  the  ancient  Egyptians 
and  Hebrews.  But  Royle,  with  some  reason,  maintains  that  shesh,  men- 
tioned in  Genesis,  Exodus  (twenty-eight  times),  Proverbs,  and  Ezekiel,  is 
probably  hemp,  and  not  linen  as  rendered. 

The  home  of  the  hemp  plant,  therefore,  appears  to  have  been  in  Asia, 
but  in  what  part  is  disputed.  From  the  luxuriance  of  its  wild  growth  in 
Persia,  it  is  usually  supposed  to  have  been  indigenous  there,  but  de 
Candolle  is  inclined  to  place  its  natural  habitat  more  towards  the  east. 
From  its  home  it  spread  over  Asia,  Africa,  and  Europe.  Its  introduction 
into  Southern  Europe  is  attributed  by  de  Candolle  to  the  Scythians,  about 
1500  B.C.  But  the  first  authentic  reference  in  European  literature  is  found 
in  Herodotus  (b.  484  B.C.),  who  states  that  the  Scythians  used  hemp  fibre 
for  making  garments,  and  the  seeds  for  vapour  baths.  The  latter  were 
made  by  throwing  the  seeds  on  red-hot  stones ;  the  vapour  being  confined 
by  means  of  cloths.  They,  "  transported  by  the  vapour,  shout  aloud." 
This  suggests  that  they  were  acquainted  with  its  intoxicating  effects ;  but 
as  the  seeds  have  not  proved  to  be  physiologically  active,  notwithstanding 
Galen's  assertion  that  they  were  used  at  banquets  to  promote  hilarity 
and  enjoyment,  this  is  doubtful.  Other  supposed  allusions  to  hemp  by 
Herodotus  are  less  satisfactory,  and  few  other  Greek  authors  mention  it. 

1  From  the  root  an  or  any,  signifying,  according  to  Leib  Lapin,  intoxication.  It  really 
signifies  "to  break,"  and  it  has  been  supposed  to  imply  the  process  of  debarkation  by  which 
the  fibres  were  separated  from  the  stem  (Watt,  p.  105). 
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It  does  not  appear  in  the  works  of  Hippocrates,  but  Homer  is  believed 
to  refer  to  it  in  the  nepenthes  which  he  makes  Helen  give  to  Telemachus 
in  the  house  of  Menelaus.  His  knowledge  he  is  believed  to  have  acquired 
indirectly  from  the  women  of  Egyptian  Thebes,  who  were  known  to 
possess  a  secret  remedy,  supposed  to  have  been  Indian  hemp,  for  dispelling 
anger  and  melancholy.  Other  mythological  stories  have  gathered  around 
this  drug,  but  with  these  we  cannot  deal. 

Of  Roman  writers,  Lucilius  (d.  103  B.C.)  first  mentions  hemp.  Later, 
it  is  mentioned  by  Pliny,  Dioscorides,  and  others.  But  Dioscorides  does 
not  refer  to  its  narcotic  properties,  and  it  has  been  thought  that  he  was 
unacquainted  with  them.  As  already  stated,  Galen  knew  that  the  seeds 
produced  excitement  and  hilarity.  Its  introduction  into  Western  Europe 
was  mainly  due  to  the  Crusaders.1  The  latest  and  greatest  impetus  to 
its  study  was  given  by  Napoleon's  Egyptian  campaign.  Throughout  this 
the  soldiers  were  prohibited  its  use. 

At  the  present  time  hemp  preparations  are  indulged  in  almost  all 
over  Africa  and  the  greater  part  of  Southern  Asia,  especially  in  India, 
Persia,  and  the  adjoining  countries.  It  has  been  computed  that  at  least 
200  to  300  millions  of  individuals  are  addicted  to  their  use. 

Natural  products  and  preparations. — The  natural  products  of  Indian 
hemp  are  charas,  ganja,  and  bhang.  Bhang  (sabji,  siddhei,  sabzi,  etc.) 
consists  of  the  coarsely  broken  leaves  with  their  stalks,  and  in  some  parts 
of  India  the  fruits  and  young  twigs  also.  It  has  a  dark  green  colour, 
a  peculiar  but  not  unpleasant  odour,  and  a  slightly  bitter  aromatic  taste. 
It  is  the  cheapest  and  least  active  form  of  hemp,  and  is  rarely  seen  in 
this  country.  In  the  East  it  is  made  into  drinks  by  extracting  it  with 
water,  or  mixed  with  aromatics  with  milk  and  water ;  or  it  is  extracted 
with  fats  or  oils,  and  used  in  the  preparation  of  sweetmeats. 

Gdnjd  (gunjah,  etc. — guaza  on  the  London  market)  consists  of  the 
dried  flowering  and  fruiting  tops  of  the  female  plant  with  the  adhering 
resin.  It  occurs  in  two  forms,  Hat  ganja  and  round  ganja.  Flat  ganja  is 
the  kind  usually  exported,  and  is  the  one  which  is  official  in  the  British 
and  United  States  Pharmacopoeias.  It  is  seen  in  commerce  in  bundles 
about  2  ft.  long  and  3  in.  in  diameter,  each  containing  twenty-four  flower- 
ing-tops. Each  of  these  presents  the  appearance  of  a  flattened  spike, 
consisting  of  compressed  dusky  green  masses  of  leaves  and  flower,  some- 
times with  fruit,  matted  together  by  resinous  secretion.  The  supporting 
stem  is  of  a  woody  consistency.  It  has  a  peculiar  odour  and  an  un- 
pleasant aromatic  taste.  Round  gdnjd  differs  from  the  flat,  as  the  name 
implies,  in  shape — it  is  more  cylindrical.  It  is  gathered  with  greater 
care — more  of  the  twigs  and  leaves  are  rejected — and,  in  its  preparation, 
the  resin  is  collected  around  the  end  of  the  twig. 

During  the  baling  of  ganja  a  certain  amount'  of  the  dried  resin  falls 
off  in  the  form  of  powder.  This  is  known  as  ganja-powder  (chur  or  rord). 

1  At  the  time  of  the  Crusades  there  existed  a  sect  of  Mohammedans  known  as  the 
Hashishins  or  Assassins — from  whom  our  word  "assassin"  is  derived — who  were  particularly 
addicted  to  the  use  of  hemp.  They  formed  a  secret  military  and  religious  sect,  who  inter- 
preted the  Koran  allegorically,  and  whose  doctrine  was  that  "nothing  is  true,  and  all  is 
allowed."  This  was  known  only  to  a  few  of  the  initiated — the  Grand  Master  and  Priors,  and, 
to  a  less  extent,  the  Fellows.  Beneath  these  were  other  orders,  the  next  being  the  Fedavii, 
or  devoted,  who  had  sworn  blind  obedience  to  the  commands  of  the  chief,  and  whose  actions 
at  that  time  awoke  terror  in  the  hearts  of  kings  and  princes.  Cold-blooded  murder  was  the 
order  of  the  day.  The  influence  of  the  Grand  Master  over  these  Fedavii  is  said  by  v.  Hammer 
to  have  been  gained  by  intoxicating  them  with  hemp,  and  doubtless  it  was  kept  up  by  the 
same  means. 
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It  is  more  active,  and  carries  a  higher  duty  than  round  ganja.  It  is 
peculiar  in  that  the  powder  will  not  adhere. 

C haras  (churriis)  is  the  resinous  exudation  of  the  plant  grown  in  more 
northern  regions.  It  is  the  most  active  of  the  hemp  products,  and  the 
most  expensive.  Only  5  tolas  (about  2  oz.)  can  be  obtained  in  the  bazaar 
at  one  time.  In  commerce  it  occurs  in  irregular  masses,  presenting  a 
dull  or  shining  dark  brown  appearance,  according  to  the  percentage  of 
resin.  It  has  a  peculiar  odour  and  a  warm  aromatic  taste,  is  friable, 
and  consists  of  one-tenth  to  one-third  of  resin,  mixed  with  terpenes  and 
an  insoluble  residue.  It  is  gathered  by  men,  naked  or  clad  in  leather 
garments,  running  violently  through  the  hemp  fields,  the  adhering  resin 
being  afterwards  scraped  off  and  rolled  into  balls.  A  finer  variety,  the 
momeca  or  waxen  charas,  is  collected  by  hand  in  Nepal;  in  Yarkand  it 
is  obtained  by  pressing  the  flower -heads  on  coarse  cloths.  Both  ganja 
and  charas  are  mainly  used  for  smoking.  Other  varieties  of  hemp  products 
exist,  but  these  are  only  of  botanical  and  commercial  interest.  They  are 
described  by  Watt,  and  Fliickiger  and  Hanbury. 

Besides  the  natural  products,  a  number  of  artificial  products  or 
preparations  are  found  in  commerce.  These,  except  when  employed  as 
medicinal  remedies,  are  solely  used  as  intoxicating  agents. 

Hashish  is  a  collective  name  used  in  the  north  of  Africa  and  Arabia 
for  almost  all  preparations  of  the  hemp  plant,  whether  drinks,  sweetmeats, 
or  mixtures  for  smoking.  In  India,  bhang  is  used  in  a  similar  but  more 
limited  sense.  Besides  indicating  the  coarsely  broken  leaves,  it  also 
denotes  three  kinds  of  drink  made  from  them. 

If  we  exclude  preparations  for  smoking,  which  are  often  mixtures  of 
a  natural  product  and  tobacco,  the  preparations  of  Indian  hemp  may  be 
regarded  as  spirituous  or  fatty  extracts  and  adventitious  substances  which 
give  them  their  peculiar  flavour  or  other  quality.  These  substances  may 
be  classified  as  follows : — (1)  Sweets — sugar,  honey,  figs,  dates,  and  other 
sweet  fruits;  these  cover  the  taste,  and  increase  the  palatability  of  the 
preparation.  (2)  Aromatics — almonds,  cinnamon,  ginger,  cloves,  pepper, 
musk ;  used  for  a  similar  purpose,  and  also  probably  to  enhance  the  effect. 
(3)  Substances  used  to  increase  the  effect  or  induce  some  other  action — 
stramonium,  camphor,  nux  vomica,  cantharides,  musk,  opium,  alcohol, 
tobacco.  (4)  Substances  used  as  diluents  or  adulterants — gums,  sand,  etc. 
The  fatty  substances  used  for  extraction  are  usually  milk  or  butter ;  these 
are  then  introduced  into  pastry  or  made  into  confections. 

The  majoon  of  India  is  a  confection  made  up  of  sugar,  butter,  fiour, 
milk,  and  hemp,  the  mass  being  divided  into  lozenge-shaped  pieces.  The 
dawanese  of  the  Arabs  and  mapouchard  of  the  Egyptians  (Cairo)  are  similar 
preparations.  A  drink,  majum,  prepared  from  hemp,  poppy  leaves,  stra- 
monium flowers,  nux  vomica,  sugar,  and  milk,  is  said  to  be  largely  used. 
The  madjonne  of  Algiers  is  made  of  hemp  boiled  with  honey  and  water ; 
cinnamon,  ginger,  Muscat  nuts,  and  other  flavouring  agents,  being  sub- 
sequently added  to  the  paste.  In  other  parts  other  preparations  are  made. 
On  the  Zambesi,  hemp  products  are  known  as  matokwane  (Livingstone) ; 
still  farther  south,  as  dacha  or  d'amba.  In  Egypt,  preparations  not  previ- 
ously mentioned  are  madschum,  hadschi,  berch,  diasmouk,  and  bernaouy. 
A  preparation  mentioned  by  Sanscrit  writers  is  the  yandschakini  or 
"enjoyment  pills,"  consisting  of  the  powdered  hemp  plant,  opium,  milk, 
and  camphor.  Much  about  these  preparations  may  be  found  in  the  works 
of  Leib  Lapin,  Pereira,  Christison,  and  Cooke. 
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Composition. — It  was  evidently  found  by  experience  that  the  active 
principle  of  Indian  hemp  was  soluble  in  fats  and  alcohol.  But  nothing 
appears  to  have  been  clone  to  determine  the  active  ingredient  until  1839, 
when  O'Shaughnessy  (Sir  William  Brooke)  published  his  classical  researches 
on  this  drug.  By  extraction  with  boiling  alcohol  in  a  Papin's  digester,  and 
subsequent  evaporation  on  a  water  bath,  he  obtained  a  resinous  extract 
which  possessed  in  a  marked  degree  the  physiological  actions  of  the  hemp 
plant.  Half  a  grain  produced  a  distinct  effect,  1  to  \\  gr.  a  marked  one. 
The  yield  was  20  per  cent.  The  process  was  afterwards  modified  by 
Kobertson,  who  stated  (probably  erroneously)  that  he  had  obtained  a  green 
substance  six  times  as  active  as  that  of  O'Shaughnessy.  T.  &  H.  Smith  of 
Edinburgh  next  prepared  a  purer  extract,  which  they  called  cannabin.  It 
was  a  resin  of  a  brown  colour,  and  physiologically  active.  Two-thirds  of  a 
grain  produced  narcosis,  1  gr.  decided  intoxication.  Two  years  later  de 
Courtive  independently  isolated  an  active  resin ;  and  nine  years  later 
Personne,  by  distillation .  with  water,  obtained  a  volatile  oil.  This  he 
separated  into  cannabcnc,  a  liquid  body  (C1SH20),  and  a  crystalline  solid, 
hydride  of  cannabene  (CCH14).  The  latter  was  physiologically  inactive  ;  the 
former  distinctly  active.  He  attributed  the  activity  of  hemp  to  this  volatile 
oil,  but  on  totally  insufficient  grounds.  Roux's  researches  proved  this ;  and 
Vignola  afterwards  showed  that  the  oil  was  an  impure  sesquiterpene. 

On  account  of  the  marked  activity  of  the  hemp  plant,  it  was  thought 
that  the  active  principle  woiild  be  found  to  be  an  alkaloid.  But  this  has 
not  proved  to  be  the  case.  Preobraschensky  obtained  nicotine ;  Siebold 
and  Bradbury,  a  varnish-like  base  giving  alkaloidal  reactions,  which  they 
termed  cannabinine ;  Hay,  an  alkaloid,  tetano-cannabine,  which  produced 
tetanus  in  frogs ;  Denzel,  a  similar  compound ;  Warden  and  Waddell, 
a  nicotine-like  substance ;  H.  F.  Smith,  an  alkaloid  resembling  coniine ; 
Marino-Zuco  and  Vignola,  one  with  cardiac  depressant  effects.  In  all  cases 
the  amount  obtained  was  small,  and  it  is  impossible  at  the  present  time  to 
attribute  the  activity,  or  even  part  of  the  activity,  of  Indian  hemp  to  an 
alkaloidal  constituent.  Arutinianz,  Masing  and  Wood,  Spivey,  and  Easter- 
field  obtained  no  evidence  of  any  alkaloid  whatsoever.  The  active  sub- 
stance isolated  by  the  last-named  observers  has  been  termed  cannabinol. 
It  is  a  resinous  body,  and  derived  its  name  from  containing  a  hydroxyl 
group.  Leib  Lapin  had  previously  isolated  an  active  resinous  ingredient  by 
means  of  extraction  with  organic  solvents,  which  he  termed  cannabindon. 

Working  with  charas,  Wood,  Spivey,  and  Easterfield  obtained,  by 
means  of  extraction  with  organic  solvents, — alcohol,  ether,  petroleum  ether, 
etc., — and  subsequent  fractional  distillation,  a  mono-  and  sesquiterpene  (1*5 
per  cent,  and  2'0  per  cent,  respectively),  a  crystalline  paraffin  (0'15  per 
cent.),  and  a  resinous  body,  cannabinol  (31-5  per  cent.);  an  indistillable 
pitch  and  an  insoluble  sandy  residue  were  left  behind.  Other  samples 
were  less  rich  in  resin ;  the  third  examined  contained  only  10  per  cent. 
To  the  cannabinol  the  formula  C1SH2402  was  given ;  but  more  recently  this 
has  been  broken  up  into  a  higher  homologue,  having  the  formula  C21H2<30.>, 
to  which  the  name  cannabinol  has  been  restricted,  and  a  residue  consisting 
of  one  or  more  bodies  not  yet  isolated  in  the  pure  state.  By  oxidising 
cannabinol  with  nitric  acid,  oxycannabin  (C11H11N04)  is  deposited,  and 
butyric,  valeric,  and  caproic  acids  are  found  in  the  filtrate.  Oxycannabin 
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is  nitrocannabino-lactone — -vTrk3  /C6H3\    ^  5  /CO,  and  cannabino-lactone 
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is  a  inetatolyl-butyro-lactone. 
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The  pure  cannabinol  (C^H^O,)  was  n°t  found  to  exert  any  marked 
physiological  action  in  small  doses.  Whether  this  was  due  to  the  chemical 
transformations  it  had  undergone  in  its  isolation  or  not,  it  is  at  present 
impossible  to  say.  Crude  cannabinol  (C18H240.,)  was  decidedly  active : 
0'02  grin.  (\  gr.)  produced  a  distinct  effect;  0'05  grin.  (£  gr.)  a  marked 
action;  O'l  grm.  (1|  gr.)  severe  intoxication.  The  terpenes  were  very 
slightly  active.  The  residual  pitch  possessed,  in  a  slight  degree,  the  peculiar 
activity  of  the  hemp  plant,  but  this  was  only  obtained  when  it  was  dissolved 
in  oil. 

Loss  of  activity. — When  kept  exposed  to  the  air,  hemp  resin  and 
various  extracts  gradually  diminish  in  activity,  a  change  apparently  due  to 
oxidation  of  the  resin.  If  oxygen  be  passed  through  the  active  resin,  this 
rapidly  darkens  and  increases  in  consistency  until  finally  it  resembles 
pitch.  This  substance  possesses  hardly  any  physiological  action.  The 
passage  of  carbon  dioxide  through  the  resin  under  similar  conditions  pro- 
duces no  change  in  appearance  or  physiological  action.  Leib  Lapin  has 
also  shown  that  when  cannabis  resin  is  rubbed  up  into  a  finely-divided 
state,  diminution  in  activity  occurs  with  increased  rapidity,  a  result  point- 
ing to  the  oxidising  power  of  the  air  as  the  causal  factor.  When  placed 
in  hermetically  sealed  tubes,  the  resin  may  probably  be  kept  indefinitely, 
and  when  dissolved  in  fats,  which  protect  the  resin  from  the  action  of  the 
air,  or  even  in  alcohol,  its  activity  is  retained  for  years. 

Pharmacology. — Locally  applied,  Indian  hemp  is  said  to  relieve 
pain,  but  its  effect  is  slight. 

General  effect. — The  action  of  Indian  hemp  may  roughly  be  divided 
into  two  parts,  a  period  of  excitement  and  one  of  depression,  varying  in 
themselves  and  in  their  relation  to  each  other,  according  to  the  individual 
— his  race,  mental  constitution,  etc. — the  environment,  mode  of  adminis- 
tration, and  dose. 

A  moderate  dose,  administered  by  the  stomach,  produces  in  a  half  to 
one  and  a  half  hours  a  feeling  of  dryness  of  the  lips  and  tongue,  and  a 
pleasurable  tingling  in  the  face  and  extremities.  This  is  quickly  followed 
by  symptoms  of  intoxication,  especially  loss  of  mental  power,  and  unreason- 
able and  uncontrollable  fits  of  laughter.  Soon  a  dreamy  lethargy — the 
condition  of  phantasy  aimed  at  by  all  the  hashish-eaters  of  the  East — 
develops.  There  is  now  a  sense  of  complete  happiness ;  all  trouble  and 
worry  are  in  abeyance,  and  ideas  of  a  pleasurable  kind,  not  infrequently 
hallucinations  and  illusions,  occur.  The  condition  may  end  in  recovery  or 
sleep.  In  some  cases  there  is  marked  excitement  and  even  maniacal  attacks, 
and  usually  these  are  periodic.  The  excitement  passes  into  quietude,  the 
dancing  and  singing  or  voluble  speech  cease,  often  suddenly,  and  the  maniac 
becomes  a  rational  being.  But  during  this  lucid  interval  his  mind  is  dis- 
tinctly below  par ;  almost  any  objective  sensation  sets  up  another  attack 
of  excitement,  which  in  its  turn  is  followed  by  a  second  lucid  interval.  As 
improvement  occurs,  these  lucid  intervals  increase  in  extent :  the  attacks  of 
excitement  diminish,  and  the  individual  becomes  more  rational ;  or  he  may 
fall  asleep  and  awaken  in  a  fairly  normal  condition.  It  is  during  these 
periods  of  excitement  that  the  Orientals  are  so  liable  to  run  "  amok." 

In  other  cases  the  effect  of  Indian  hemp  is  anything  but  pleasurable. 
Instead  of  supreme  happiness,  there  is  extreme  depression ;  the  dreams 
and  hallucinations  are  of  a  revolting  kind,  and  there  is  sometimes  a  sense 
of  impending  death.  Even  in  those  cases  in  which  the  full  enjoyment  of 
the  drug  is  experienced,  preliminary  unpleasant  effects,  as  noises  in  the  ears, 
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may  be  present,  and  after  the  effect  has  passed  away  mental  depression, 
lasting  a  variable  time,  generally  remains.  This  mental  depression,  and 
the  sleep  which  usually  precedes  or  succeeds  it,  constitutes  the  second 
part,  or  period  of  depression,  of  the  action  of  Indian  hemp.  As  we  shall 
see,  the  effect  of  hemp  is  probably  one  of  depression  from  the  first,  the 
early  excitement  being  merely  a  symptom  of  depressed  central  activity. 

After  smaller  doses  the  same  symptoms  are  present,  but  to  a  corre- 
spondingly less  extent.  There  is  a  feeling  of  contentment,  with  deficient 
will-power.  After  very  small  doses,  slight  loss  of  control  is  the  only  effect. 
After  larger  doses  the  preliminary  feeling  of  happiness  is  more  transient; 
excitement,  sleep,  and  depression,  more  severe.  Very  large  doses  produce 
acute  intoxication — loss  of  consciousness  with  dilated  pupils,  a  small  feeble 
pulse,  a  cold  clammy  skin,  even  collapse  and  stupor.  A  cataleptic  con- 
dition and  convulsions  have  been  observed.  No  fatal  case  is  on  record, 
but  allusions  to  occasional  fatalities  are  made,  and  there  can  be  little  doubt 
that  such  occur.  Mirza  Abdul  Kussac  says  :  "  The  inexperienced  on  first 
taking  it  are  often  senseless  for  a  day,  some  go  mad,  others  are  known  to 
die." 

Continued  use  of  excessive  doses  leads  to  chronic  intoxication.  The 
mind  becomes  feeble,  the  morals  perverted,  the  legs  tremulous  and 
weak,  the  face  bloated,  and  the  eyes  injected.  Usually  such  individuals 
find  their  way  into  a  lunatic  asylum  or  they  die  of  marasmus,  or,  accord- 
ing to  Kussac,  of  "diseases  of  the  lungs,  dropsy,  and  anasarca."  It  is 
highly  probable  that  hemp  is  a  cause  of  insanity.  It  was  recog- 
nised as  such  at  the  end  of  the  twelfth  century,  and  there  has  been  no 
reason  to  change  this  view  to  the  present  day.  The  opposite  opinion,  it  is 
true,  is  held,  but  we  think  without  sufficient  reason.  The  question  will  be 
found  discussed  in  the  Brit.  Med.  Journ.,  London,  for  1893,  vol.  ii.,  and  in 
the  "  Report  of  the  Commission "  on  the  subject.  Most  of  the  com- 
missioners did  not  think  it  had  much  effect  in  producing  insanity.  In 
1898  upwards  of  a  third  of  the  male  patients  in  the  single  lunatic  asylum 
of  Egypt  were  hashish-smokers;  and  Dr.  Warnock,  the  superintendent, 
believes  the  habit  to  be  one  of  the  most  fertile  causes  of  insanity  in  the 
country.  A  similar  proportion  was  given  in  the  report  of  a  Bengal  asylum 
in  1883.  Out  of  232  cases,  seventy-six  were  produced  by  hemp,  and  of 
these  only  thirty-four  recovered.  In  1891-92  the  number  had  increased 
to  53  per  cent,  of  all  cases.  Whether  these  individuals  were  mentally  un- 
stable in  the  first  instance,  we  cannot  stay  to  inquire.  We  can  only  add  as 
our  opinion  that  we  believe  hemp  to  be  a  powerful  etiological  factor  of 
insanity. 

Alimentary  canal. — Indian  hemp  exerts  but  little  effect.  It  possesses 
a  peculiar  aromatic  and  unpleasant  taste,  and  it  is  slightly  irritating  to 
the  fauces.  After  absorption  there  is  a  feeling  of  increased  viscidity  of 
the  mucus  coating  the  lips  and  tongue,  and  an  increased  appetite  in  some 
cases  (noticed  both  in  animals  and  men),  but  as  a  rule  there  are  no  other 
alimentary  symptoms.  Constipation  is  not  usually  present  after  single 
doses ;  on  the  contrary,  there  is  sometimes  a  slight  laxative  effect ;  but 
after  continued  administration  there  is  a  tendency  to  constipation  both  in 
dogs  and  men.  Dryness  of  the  mouth,  thirst,  nausea,  vomiting,  and 
strangury  are  untoward  effects  occasionally  seen. 

Circulation. — The  pulse  may  be  increased  or  diminished  in  frequency  ; 
in  man  an  increase,  in  dogs  a  diminution  usually  occurs.  As  there  appears 
to  be  no  distinct  dilatation  of  the  blood  vessels,  the  increased  rapidity  may 
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be  due  to  excitement  or  fear.  The  effect  is  comparatively  slight.  In 
certain  cases  a  rapid  pulse,  cardiac  oppression,  and  a  sinking  feeling  at  the 
priecordium,  etc.,  have  been  noticed,  and  in  heart  disease  increased  irre- 
gularity of  the  beat  has  been  observed,  but  these  are  not  constant.  They 
serve  to  remind  us  that  in  cardiac  disease  Indian  hemp  is  not  absolutely 
safe.  The  intravenous  injection  of  emulsions  of  hemp  preparations  have 
produced  serious  effects  (Dixon),  but  it  is  doubtful  whether  these  occur 
normally. 

Respiration. — In  the  early  stages  this  is  variably  affected  ;  when  under 
the  full  influence  of  the  drug  it  is  slower  and  deeper. 

Renal  organs. — Increased  micturition  is  frequently  observed,  and  by  the 
older  writers  hemp  was  regarded  as  a  diuretic.  In  slight  degree  this  effect 
may  be  due  to  the  terpenes,  but  they  do  not  exist  in  sufficient  amount  to 
provide  the  whole  explanation.  Probably  hemp  resin  stimulates  the  renal 
cells  directly,  but  of  this  we  have  no  proof. 

Genital  organs. — The  force  of  the  uterine  contractions  is  said  to  be 
increased  during  labour.  Hemp  has  even  been  compared  to  ergot  as  an 
ecbolic,  and  it  is  said  to  act  quicker  and  more  powerfully,  but  to  be  more 
transient  in  its  effect.  Its  action  is  said  to  be  evident  in  two  to  three 
minutes,  and  is  confined  to  a  few  pains  occurring  shortly  after  the 
administration.  This  effect  is  improbable.  In  the  first  place,  it  is  not 
constant,  and  in  the  second  it  is  almost  impossible  for  the  resin  to  be 
absorbed  with  such  rapidity.  As  far  as  we  are  aware,  it  is  not  now  used 
in  obstetric  practice. 

Indian  hemp  is  also  usually  attributed  with  aphrodisiacal  properties, 
but  without  cause.  The  voluptuous  dreams  which  occur  after  its  adminis- 
tration are  of  cerebral  origin,  and  will  be  dealt  with  in  the  next  section. 

Nervous  system. — The  main  action  of  cannabis  indica  is  upon  this 
system.  At  first  there  is  excitement,  then  depression,  but  no  stimulation 
of  the  cerebral  cells.  In  other  words,  there  is  no  increase  in  the  power  to 
do  mental  work.  The  symptoms  of  excitement  are  the  result  of  an  initial 
depression  of  cerebral  function.  The  higher  psychical  centres  are 
out  of  gear ;  there  is  less  self-consciousness,  less  restraining  influence  on 
the  thoughts,  and  consequently  the  speech  is  freer  and  more  voluble.  If 
the  environment  is  suitable  and  there  is  nothing  to  excite  attention  or 
thought,  the  hashish-eater  sinks  into  reverie.  He  is  usually  happy  and 
contented,  not  because  he  has  been  made  happy,  but  because  there  is 
nothing  to  make  him  unhappy.  The  happiness,  in  other  words,  is  not  active 
but  passive.  His  cerebral  cells  are  depressed ;  they  are  incapable  of 
sustained  thought,  and  therefore  the  worries  of  the  past  and  the  cares  of 
the  future  do  not  trouble  him.  He  lives  simply  in  the  present.  His 
mind,  too,  is  not  affected  by  abnormal  peripheral  sensations, — hemp 
possesses  no  marked  action  on  any  other  organ,  therefore  nothing  that 
might  diminish  his  happiness  comes  from  this  source.  What  peripheral 
sensations  there  are,  are  usually  of  a  pleasant  character  (e.g.  pleasurable 
tingling  in  the  limbs),  although  occasionally  these  may  become  so  intense 
as  to  be  unpleasant ;  and,  as  previously  mentioned,  there  may  be  thirst  and 
other  untoward  effects. 

In  the  early  stages  more  or  less  connected  ideas  and  short  trains  of 
thought  are  present.  The  number  of  ideas  seems  even  to  be  increased ; 
and  this  has  led  most  observers  to  regard  Indian  hemp  as  a  cerebral 
stimulant.  But,  in  the  first  place,  this  result  has  been  obtained  by  intro- 
spective observation,  which,  under  the  abnormal  conditions,  is  fallacious ; 
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and,  in  the  second,  the  appearance  of  a  new  and  valuable  idea,  even  if  such 
were  common  under  Indian  hemp,  is  no  proof  of  cerebral  stimulation. 
These  often  arise  in  ordinary  life  without  apparent  active  thought,  and 
they  have  evidently  been  evolved,  so  to  speak,  in  sub-consciousness,  and 
have  come  to  the  surface  with  the  appearance  of  some  perception.  There 
may  be  a  flight  of  ideas,  but  these  are  usually  of  a  simple  kind,  such  as 
uncontrolled  fancies  suggested  by  external  objects  or  previous  ideas.  They 
are  perhaps  made  apparently  more  numerous  by  the  loss  of  power  to 
estimate  time. 

The  ideas  which  arise  depend  upon  the  environment  and  the  individual 
— his  previous  mode  of  life,  etc.  The  cerebral  centres,  we  have  said,  are 
depressed,  and  therefore,  as  far  as  the  individual  is  concerned,  thought 
generally  flows  along  the  most  accustomed  channels;  recent  things  are 
forgotten ;  old  things,  which  have  repeatedly  been  done  or  thought  over, 
are  remembered.  Nevertheless,  the  environment  exerts  the  greatest 
influence.  External  objects  usually  determine  the  thoughts,  and  set  up 
short  trains  of  ideas,  which  often  become  fantastic,  because  the  mind  is 
too  lethargic  to  correct  the  erroneous  mental  impressions  arising  from 
them.  Each  of  these  in  its  turn  may  give  rise  to  a  still  more  senseless 
idea.  Thus,  under  the  influence  of  a  small  dose  of  this  drug,  we  once  saw 
a  regiment  of  soldiers  marching  (primary  apperception);  they  began  to 
march  quicker  and  quicker,  then  to  run,  and  finally  they  faded  away  in  a 
series  of  rapidly  revolving  wheels.  Had  the  impression  arisen  under 
normal  conditions,  the  soldiers  would  probably  have  stopped  at  "  quick 
march,"  as  the  remaining  ideas  would  have  been  regarded  as  improbable. 
Being  under  the  influence  of  hemp,  the  higher  inhibiting  faculties  were  in 
abeyance,  and  were  unable  to  countermand  the  erroneous  ideas  arising 
from  the  first  impression.  In  most  cases  these  abnormal  mental  im- 
pressions may  be  regarded  as  illusions  rather  than  hallucinations.  They 
generally  arise  from  distortion  of  objective  perceptions,  as  is  well  shown 
in  certain  experiences  of  Moreau.  A  hat  and  coat  were  lying  on  a 
neighbouring  table.  These  gave  rise  to  the  idea  of  a  hideous  dwarf 
clothed  in  the  dress  of  the  thirteenth  century.  After  removal  of  the 
objects  the  illusion  disappeared.  On  another  occasion,  an  old  servant  of 
71  appeared  as  a  young  lady  of  extreme  beauty  and  grace.  The  instance 
described  by  Wolff  of  an  individual  who,  after  taking  Indian  hemp,  thought 
he  was  spitting  fire,  might  be  explained  by  the  peculiar  warm  aromatic 
taste  of  the  drug ;  and  Moreau's  other  experiences  of  being  melted  away 
by  the  heat  of  the  sun,  and  being  inflated  like  a  balloon  so  as  to  be  able 
to  rise  in  the  air,  may  be  explained  by  distorted  apperception  of  peripheral 
sensations.  Other  experiences,  such  as  the  man  who  believed  himself  to 
be  the  piston  of  a  steam-engine,  or  the  man  who  thought  he  was  made  of 
glass,  and  was  in  constant  fear  of  falling  lest  he  should  be  cracked  or 
broken,  are  more  difficult  of  explanation.  But  they  are  not  impossible. 
In  these  cases  we  do  not  know  the  temperament  of  the  individual,  or  the 
circumstances  under  which  the  illusions  arose,  and  for  an  explanation 
these  are  necessary  factors.  That  the  temperament  is  of  importance,  is 
evident  from  a  perusal  of  the  description  of  the  effects  of  Indian  hemp 
given  by  different  writers.  Theophile  Gautier,  for  example,  speaks  of 
hearing  the  noise  of  colours — green,  red,  blue,  and  yellow  sounds — coming 
to  him  in  perfectly  distinct  waves.1  In  most  cases,  therefore,  ideas  are 

1  Cf.  Bayard  Taylor's  description  of  the  effect  of  hashish,  in  his  Pictures  of  Palestine,  with 
that  of  other  experimenters. 
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originated  by  peripheral  sensations,  but  the  amount  of  distortion  occurring 
during  apperception  depends  to  a  great  extent  upon  the  individual. 

Applying  this  surmise  to  the  aphrodisiacal  action  of  hemp,  we  shall 
find  that  this  too  may  be  explained  upon  the  theory  of  illusion.  In  the 
first  place,  the  individuals  who  take  the  drug  belong  to  some  of  the  most 
voluptuous  nations  of  the  earth.  Their  mode  of  life  and  daily  associations 
lead  to  sensual  thoughts,  and  often  the  hashish  is  taken  for  an  immoral 
purpose.  This  preliminary  mental  attitude  is  enhanced  by  objective  pre- 
sentations, for  it  is  said  that  the  hashish-eater  "  retires  into  the  depths 
of  the  harem,  where  the  charms  of  music  and  the  dance,  by  females 
educated  for  the  purpose,  add  to  the  delight."  Nor  is  this  all.  The 
preparations  possessing  aphrodisiacal  properties  are  mixtures  of  hemp  with 
spices, — cloves,  cinnamon,  pepper,  musk,  and  cantharides, — which  during 
excretion  stimulate  the  genito-urinary  organs  and  produce  peripheral 
sensations,  which  in  the  depressed  condition  of  the  brain  give  rise  to  ideas 
of  a  voluptuous  nature.  When  the  drug  is  taken  pure  by  members  of 
Western  nations,  no  sensual  ideas  arise. 

But  the  most  marked  illusion  is  that  of  time.  Minutes  seem  hours,  if 
not  days.  In  one  instance,  after  his  recovery,  de  Saulcy  thought  he  had 
been  under  its  influence  a  hundred  years  at  least ;  and  on  one  occasion 
Moreau  thought  that  it  took  him  three  hours  to  find  his  way  along  the 
passages  of  the  Opera  House.  Similar  experiences  have  been  related  by 
every  one  who  has  experimented  with  the  drug.  The  explanation  is  prob- 
ably simple.  The  estimation  of  time  is  a  complex  act,  dependent  upon 
calling  to  consciousness  an  orderly  series  of  events.  Under  the  full  influ- 
ence of  Indian  hemp,  the  cerebral  cells  are  so  depressed  that  a  succession 
of  ideas  cannot  long  be  maintained,  the  early  factors  of  the  sequence  are 
lost,  and  therefore  time  may  be  said  to  cease  to  exist.  Or  it  may  be,  as 
often  occurs  in  dreams,  that  a  single  idea  embodies  the  representation  of  a 
group  of  ideas  which  would  extend  over  a  considerable  tract  of  time ;  but 
against  this  are  many  objections.  After  small  doses,  loss  of  time  sensation 
is  much  less  marked.  In  these  cases  it  has  a  similar  explanation,  i.e. 
inability  to  recall  with  distinctness  the  preceding  groups  of  ideas. 

Illusions  of  distance  also  exist,  but  they  are  less  obvious  than  those  of 
time.  They  probably  arise  from  the  brain  having  to  send  out  a  stronger 
stimulus  than  usual  to  accommodate  from  one  distance  to  another,  and 
estimating  it  accordingly.  Distances,  therefore,  seem  greater  than  they 
really  are.  The  question  might  be  raised  whether  Indian  hemp  does  not 
affect  special  psychical  centres,  but  we  think  not.  It  is  a  question  too 
large  for  discussion  here. 

As  a  result  of  the  cerebral  depression,  there  is  muscular  weakness  with 
ataxia  and  slurring  speech,  less  obvious,  but  much  the  same,  as  occurs  in 
alcoholic  intoxication.  The  only  other  points  of  interest  under  this 
head  are  the  peripheral  depression  and  the  ill  effects.  At  a  very  early 
period  cannabis  indica  was  used  as  an  anaesthetic  with  some  success, 
and  even  at  the  present  time  relief  from  pain  often  follows  its  adminis- 
tration, but  it  cannot  be  relied  on  as  an  analgesic  (see,  however,  p.  325). 
A  certain  amount  of  numbness  is  usually  felt  after  its  use,  but  animals, 
even  when  fully  under  its  influence,  feel  pressure-pain  distinctly.  The 
slight  analgesia  probably  results  from  both  a  central  and  peripheral 
action :  peripheral,  because  local  applications  possess  some  slight  analgesic 
power,  and  central,  because  the  cerebral  depression  produced  by  Indian 
hemp  could  hardly  occur  without  some  slight  anaesthesia  resulting.  By 
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the  administration  of  the  smoke  from  Indian  hemp,  Dixon  has  ob- 
tained depression  of  the  vagus  terminations  and  terminations  of  nerves 
in  muscle. 

Besides  excessive  excitement  and  maniacal  attacks,  in  certain  cases 
other  ill  effects  of  a  milder  type  occur.  Headache,  dizziness,  and  depres- 
sion are  the  most  common,  but  catalepsy  and  convulsions  of  the  legs  have 
been  described.  Diplopia  and  scintillations  before  the  eyes  also  occur. 

Rate  of  absorption. — For  its  general  effect  hemp  is  usually  given  by 
the  mouth ;  dissolved  in  oil  it  has  been  administered  hypodermically,  but 
it  produced  irritation.  As  an  intoxicant  it  is  smoked.  By  the  Zulus  it 
is  said  by  Cooke  to  be  taken  mixed  with  burnt  aloes,  as  snuff. 

The  preliminary  effect  and  time  of  onset  of  the  symptoms  vary  accord- 
ing to  the  mode  of  administration.  When  smoked,  the  symptoms  appear 
rapidly.  There  may  be  violent  coughing,  at  first  owing  to  the  irritation 
produced  by  the  smoke ;  but  this  soon  gives  place  to  lassitude  and 
phantasy.  Often  hemp  is  smoked  with  tobacco.  In  India,  30  grs.  of  charas 
are  mixed  with  guraku  (tobacco  and  molasses),  or  "about  180  grs.  of 
gunjah  and  a  little  dried  tobacco  are  rubbed  together  in  the  palm  of  the 
hand  with  a  few  drops  of  water."  A  little  tobacco  is  placed  in  the  pipe 
first,  then  a  layer  of  prepared  gunjah,  then  more  tobacco,  and  the  fire 
above  all.  Four  or  five  persons  usually  join  in  this  debauch.  The  hookah 
is  passed  round,  and  each  person  takes  a  single  draught.  Intoxication 
ensues  almost  instantly ;  from  one  draught  to  the  unaccustomed  (within 
half  an  hour) ;  and  after  four  or  five  inspirations  to  those  more  practised 
in  the  vice.  The  effects  differ  from  those  occasioned  by  drinking  the 
sidhee.  Heaviness,  laziness,  and  agreeable  reveries  ensue,  but  the  person 
can  be  readily  aroused,  and  is  able  to  discharge  routine  occupations,  such 
as  pulling  the  punkah,  waiting  at  table,  and  other  similar  employment 
(Cooke). 

When  taken  into  the  stomach,  the  time  of  onset  of  the  symptoms  is 
later.  As  a  beverage  with  alcohol  they  appear  more  quickly  than  when 
taken  as  a  sweetmeat ;  but  in  both  cases  the  time  is  slightly  variable. 
The  presence  of  food  in  the  stomach  has  some  influence.  When  cannabinol 
was  taken  in  the  solid  form  just  before  meals,  the  symptoms  appeared 
within  one  and  a  half  hours.  Taken  at  other  times,  the  appearance  of  the 
symptoms  was  variable ;  in  one  case  no  effect  occurred  until  four  hours 
had  passed,  but  this  was  exceptional. 

Mode  of  absorption. — As  we  have  seen,  cannabinol,  probably  the  purest 
of  the  active  principles  of  Indian  hemp  yet  isolated,  is  soluble  in  oils,  fats, 
and  organic  solvents  generally.  It  is  also  soluble  in  strong  acids.  But, 
with  the  exception  of  fats  and  acids,  none  of  these  are  normal  constituents 
of  the  alimentary  canal,  and  therefore  we  cannot  regard  them  as 
necessary  for  the  absorption  of  this  drug.  From  the  fact  that  the  resin 
is  soluble  in  strong  acids,  it  might  be  argued  that  solution  of  this  substance 
occurs  in  the  stomach,  and  this  view  is  supported  by  Germain  SeVs 
statement  that  cannabis  indica  is  peculiarly  sedative  to  the  stomach. 
But  on  testing  the  solubility  in  dilute  acids  and  alkalies  (1  per  cent.),  we 
found  solution  to  the  extent  of  1  in  3000  only  occurred  in  the  latter. 
This  would  suggest  that  absorption  takes  place  under  the  influence  of  the 
alkalies  of  the  upper  part  of  the  small  intestine,  and  this  is  supported  by 
the  time  of  onset  of  the  symptoms,  and  its  variability  with  the  presence  or 
absence  of  food.  Kionka  states  that  the  resin  is  insoluble  in  alkalies,  but 
this  is  opposed  to  direct  experiment,  and  is  improbable  on  other  grounds. 
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The  influence  of  fats  is  uncertain.  Probably  they  help  in  diffusing  the 
hemp  resin  among  the  gastric  and  intestinal  contents,  but  whether  we 
regard  them  as  aiding  in  absorption  will  depend  upon  the  view  we  take  of 
the  absorption  of  fats  themselves.  When  dissolved  in  oil,  cannabis  pro- 
ducts do  not  act  distinctly  quicker  than  when  given  pure,  a  fact  which  is 
suggestive.  On  the  whole,  it  seems  probable  that  absorption  occurs  under 
the  influence  of  the  alkaline  intestinal  juices.  When  smoked,  absorption 
occurs  mainly  through  the  lungs.  The  active  principle  of  hemp  is  not 
destroyed  by  dry  distillation. 

Excretion. — No  experiments  seem  to  have  been  made  on  the  mode  of 
excretion  of  hemp  resin. 

Susceptibility. — In  different  people  a  difference  in  the  action  of  Indian 
hemp  is  observed.  There  may  be  a  difference  in  symptoms  or  a  variability 
in  the  intensity  of  the  reaction  to  a  given  dose.  The  former  has  already 
been  considered;  the  latter  alone  requires  mention.  In  some  people  a 
small  dose  of  a  hemp  preparation  produces  disproportionately  powerful 
effects,  and  often  effects  of  an  undesirable  kind.  Usually  such  occur  in 
highly  nervous  individuals, — they  are  especially  frequent  in  women, — and 
probably  they  are  proportionately  greater  after  first  doses  than  subse- 
quently. On  the  other  hand,  certain  individuals  are  comparatively 
insusceptible  to  its  action,  although  in  the  majority  of  cases  described  a 
more  or  less  inert  preparation  was  probably  used.  Children,  however,  do 
appear  to  be  less  susceptible  than  adults.  In  one  case,  130  drops  of  a 
tincture  which  in  ten-drop  doses  produced  intoxication  in  an  adult,  were 
required  to  induce  sleep  in  an  infant  60  days  old. 

Habituation. — A  diminished  susceptibility  to  the  action  of  Indian  hemp 
probably  occurs  with  continued  use,  but  not  to  the  same  extent  as  with 
opium.  Certain  opinions  bearing  on  this  point  have  already  been  cited, 
and  experimentally  we  have  obtained  in  dogs  distinct  diminution  in 
action.  In  this  respect  cannabis  indica  is  probably  more  comparable  to 
alcohol  than  any  other  drug  It  is  even  said  that  with  continued  use 
hashish-eaters  become  more  susceptible  to  delusions, — a  condition  compar- 
able to  chronic  alcoholism  and  delirium  tremens. 

Therapeutics. — Therapeutically,  Indian  hemp  has  been  used  as  a 
nervous  sedative  and  analgesic,  an  antiperiodic,  a  haemostatic  in  uterine 
diseases,  and  an  astringent  in  diarrhoaa,  dysentery,  and  cholera.  It  has 
also  been  employed  in  certain  special  diseases,  such  as  exophthalmic  goitre. 
But  experiments  only  indicate  its  use  as  a  cerebral  depressant.  This 
action  it  undoubtedly  possesses,  and  it  is  also  probable  that  most  of  its 
analgesic  effect  is  due  to  this  action,  i.e.  is  of  central  origin. 

As  a  cerebral  depressant  it  has  been  used  in  insomnia,  mania,  and 
other  mental  diseases,  epilepsy  and  chorea,  and  such  convulsive  affections 
as  tetanus,  eclampsia,  and  hydrophobia.  As  an  analgesic  it  has  been 
employed  in  headaches  and  neuralgia,  rheumatism  and  locomotor  ataxy ; 
and  as  a  sedative  in  the  itching  of  eczema,  the  cough  of  phthisis,  and  the 
pains  of  gastro-intestinal  disease.  But  regarding  its  value  in  these  and 
other  affections  there  is  some  difference  of  opinion.  The  late  Sir  J.  Kussell 
Reynolds  believed  it  was  worse  than  useless  in  mania,  whether  acute 
or  chronic,  while  Suckling  and  E.  G.  Russell  found  it  of  distinct  value 
in  this  condition.  Suckling  also  obtained  amelioration  in  melancholia, 
while  Russell  Reynolds,  except  in  cases  merging  into  senile  degeneration, 
obtained  no  such  effect.  He  obtained  the  best  results  in  "  senile  insomnia 
with  wandering,  where  an  elderly  person,  probably  with  brain  softening, 
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in  the  '  delirium  form  '  (Durand- Fardel)  is  fidgety  at  nights,  goes  to  bed, 
gets  up  again  and  fusses  over  his  clothes  and  his  drawers ;  thinks  that  he 
has  some  appointment  to  keep  and  must  dress  himself  and  go  out  and 
keep  it,  but  may  be  quite  rational  during  the  day."  Cases  of  a  similar 
nature  in  which  Suckling  found  Indian  hemp  of  extreme  value,  were 
certain  forms  of  melancholia  approaching  a  condition  of  acute  dementia, 
and  occurring  more  frequently  in  women  than  men,  which  were  brought 
on  by  mental  worry,  often  resulting  from  the  illness  of  a  near  relative  or 
from  moral  shock.  And  there  can  be  little  doubt,  notwithstanding  the 
excitement  and  depression  which  Indian  hemp  sometimes  produces,  that  in 
cases  of  this  kind  a  properly  apportioned  dose  is  of  real  value.  It  calms 
the  patient  and  allays  his  fears.  In  the  delirium  of  fevers  and  incipient 
delirium  tremens,  with  irritable  stomach  and  furious  delirium,  it  has  been 
recommended ;  but  it  is  of  greater  service  in  the  restlessness  of  general 
paralysis  and  the  "  temper  disease  "  of  children  (Eussell  Eeynolds),  and  in 
the  depression  and  fatigue  of  cerebral  exhaustion. 

Epilepsy  and  chorea  have  been  improved  by  this  drug,  in  the  latter 
even  when  arsenic  failed,  but  the  weight  of  evidence  is  against  its  use. 
In  many  spasmodic  conditions,  however,  Eussell  Eeynolds  recommended 
it.  "  In  the  eclampsia  of  children,  or  of  adults,"  he  says,  "  whether  from 
worms,  teething,  first  or  second  dentition,  or  the  cutting  of  the  wisdom 
teeth,  in  a  very  large  number  of  cases  I  have  relied,  and  successfully,  upon 
it  alone.  In  true  chronic  epilepsy  I  have  found  it  absolutely  useless,  and 
this  as  the  result  of  very  extensive  experience.  There  are  many  cases  of 
so-called  epilepsy  in  adults,  but  which,  in  my  opinion,  are  either  eclamptic 
or  the  result  of  organic  disease  of  a  gross  character  in  the  nervous  centres, 
in  which  Indian  hemp  is  the  most  useful  agent  with  which  I  am  acquainted, 
— such  cases,  for  instance,  as  attacks  of  violent  convulsions  (epileptoid  in 
every  actually  present  symptom)  in  an  over-fed  man,  who  has  had  a  heavy 
supper,  and  is  attacked  two  or  three  hours  afterwards  while  asleep,  and 
whose  attacks  may  occur  two  or  three  times  in  the  hour,  for  a  day  or  two, 
in  spite  of  the  administration  of  aperients,  bromine,  and  other  drugs,  but 
whose  fits  may  be  stopped  at  once  by  a  good  dose  of  hemp.  In  tonic  spasm, 
such  as  torticollis  and  the  like,  in  writers'  cramp,  in  general  chorea,  in 
paralysis  agitans,  in  the  jerking  movements  of  spinal  sclerosis,  in  trismus, 
and  in  tetanus,  Indian  hemp  has  proved  in  my  experience  absolutely  use- 
less." In  other  spasmodic  affections,  in  tetanus  and  hydrophobia,  Indian 
hemp  has  been  used  with  good  effect.  But  it  has  often  failed  even 
when  given  in  very  large  doses,  and  it  therefore  appears  to  be  of  doubtful 
value. 

It  is  mainly  as  an  analgesic  that  Indian  hemp  has  most  recently 
achieved  notoriety.  Christison  held  that  when  given  in  sufficient 
doses  it  was  an  excellent  substitute  for  morphine.  He  says :  "  I  have 
known  2  grs.  of  my  alcoholic  extract,  given  in  the  form  of  tincture, 
put  an  end,  promptly  and  permanently,  to  the  agonising  pain  caused  by 
biliary  calculus  impacted  in  ducts,  and  there  can  be  no  more  unequivocal 
test  than  this  of  the  potency  of  an  anodyne."  Without  going  so  far  as 
this,  we  cannot  but  acknowledge  the  sedative  powers  of  Indian  hemp.  To 
neuralgias  in  various  parts  of  the  body  it  has  often  proved  curative ;  it 
has  relieved  the  pains  of  rheumatism  and  the  severer  ones  of  locomotor 
ataxy.  But  it  is  not  always  a  remedy.  In  sciatica  and  myodynia  Eussell 
Eeynolds  found  it  useless ;  and  in  his  hands  it  was  equally  inefficacious  in 
gastrodynia,  enteralgia,  tinnitus  aurium.  muscse  volitantes,  and  almost  all 
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the  so-called  "  hysteric  pains."  John  Aulde,  on  the  other  hand,  believes 
it  is  most  beneficial  "in  the  treatment  of  abdominal  affections  in  which 
pain  enters  into  the  make-up  of  the  morbid  complexus,  and  where  there 
is  absence  of  increased  activity  of  the  circulation.  It  therefore  appears 
to  be  more  especially  applicable  in  those  disorders  which  might  be  regarded 
as  functional  in  character,  and  which  often  present  the  well-known  features 
of  neuralgia.  Dysmenorrhosa  is  one  of  these  affections." 

In  headache,  especially  in  that  of  a  dull,  continuous,  or  subcontinuous 
character,  attended  sometimes  with  paroxysmal  exacerbations,  Indian  hemp 
has  proved  of  greater  value.  In  this  affection,  as  in  neuralgia,  it  is  often 
necesssary  to  push  the  drug  to  obtain  the  best  results.  Stephen  Mackenzie, 
who  emphasised  this  treatment,  commences  with  \  gr.  of  the  extract  (some- 
times \  gr.)  night  and  morning,  or  occasionally  three  times  a  day.  If  at 
the  end  of  a  week  amelioration  has  occurred,  the  same  doses  are  continued  ; 
if  not,  an  increase  to  1  gr.  at  night  is  made ;  and  if  this  is  insufficient,  there 
is  a  further  increase  by  \  gr.  increments  until  2  grs.  at  night  and  1^  gr.  in 
the  morning  is  reached.  This  dose  has  rarely  to  be  exceeded.  But  the 
treatment  must  be  prolonged,  it  "  must  be  as  obstinate  as  the  disease." 

As  a  gastric  sedative,  Indian  hemp  has  been  praised  by  Germain  See 
and  others.  It  is  especially  useful  in  pyrosis,  hyperacidity,  and  the 
dyspepsia  accompanied  by  anorexia,  flatulence,  and  reflex  nervous  troubles  ; 
after  Indian  hemp,  these  are  diminished,  and  pain  is  abolished.  But  other 
treatment  (alkalies,  diet,  laxatives)  is  recommended.  It  does  not  change 
the  nervous  disposition  of  hypochondriacs  or  neurasthenics.  On  the 
whole,  unless  accompanied  by  some  nervous  affection,  there  seems  little 
use  for  this  drug  in  gastric  ailments.  We  may  almost  say  the  same  for 
intestinal  diseases, — diarrhoea,  cholera,  dysentery, — in  which  it  has  been 
used.  This  treatment  has  been  mainly  adopted  in  India,  but  in  many 
instances  morphine,  bismuth  compounds,  and  other  remedies  were  also 
combined  with  it.  It  is  unlikely  that  the  resin  possesses  much  influence 
as  an  astringent,  but  the  terpenes  and  other  constituents  of  the  plant 
may ;  and  as  bhang  is  the  substance  mainly  used,  and  an  aqueous  extract 
is  said  to  have  been  active,  this  view  is  well  supported. 

Its  mode  of  action  in  menorrhagia,  malaria,  and  exophthalmic  goitre 
— in  which  diseases  it  has  been  given — is  still  less  comprehensible ;  and, 
notwithstanding  its  sedative  and  calming  actions,  its  administration  in 
asthma  and  whooping-cough,  in  which  it  has  been  used  as  an  antispasmodic, 
and  in  some  cases  apparently  with  benefit,  cannot  be  recommended. 

The  greatest  use  of  Indian  hemp,  in  this  country  at  least,  will  probably 
be  found  to  be  as  a  hypnotic.  It  undoubtedly  possesses  a  calming  influ- 
ence on  certain  forms  of  irritation,  both  motor  and  sensory,  but  the 
peculiar  excitement  produced  by  the  drug  will  probably  preclude  its  use 
in  many  of  these  conditions.  Given  in  full  doses,  sleep  usually  follows 
quickly  the  earliest  symptoms.  It  is  moderately  deep  and  sound,  and 
unaccompanied  by  any  marked  depression  of  the  circulation  or  respiration. 
Many  physicians  have  reported  well  of  its  use ;  many,  on  the  other  hand, 
ha^obtained  excitement  without  sleep ;  in  1000  cases,  Fronmiiller  obtained 
a  good  effect  in  530,  a  fair  effect  in  215,  and  slight  or  no  sleep  in  255. 
And  this  probably  represents  its  actual  value. 

Compared  with  other  hypnotics,  it  is  less  depressant  to  the  circulation 
and  respiration  than  the  members  of  the  chloral  group  of  paraldehyde ; 
it  has  no  influence  on  the  kidneys  or  other  tissues,  like  the  sulphones,  but 
it  is  somewhat  less  certain,  although  comparatively  speaking  much  less 
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toxic,  than  any  of  them.  Compared  with  opium,  it  is  a  less  powerful 
anodyne  and  a  less  certain  hypnotic,  but  it  has  fewer  after-effects,  is 
much  less  toxic,  has  but  little  influence  on  the  respiration,  and  no  tendency 
to  diminish  the  secretions.  On  the  whole,  as  a  hypnotic  it  is  much  to  be 
preferred  to  opium. 

As  regards  the  cases  in  which  it  may  be  given,  these  cannot  be  speci- 
fied. Heart  disease  does  not  seem  to  be  a  contra-indication,  although 
increased  arhythmia  has  been  noticed  after  its  use ;  and  pain,  when  not 
severe,  is,  according  to  many  observers,  not  a  barrier  to  its  action.  Probably 
it  should  not  be  employed  in  very  nervous  individuals ;  but  as  the  ques- 
tion of  dose  in  these  has  not  been  investigated,  this  cannot  be  stated  with 
certainty.  The  greatest  objection  to  its  employment  is  its  variability, 
and  unfortunately  no  means  of  standardising  it  (except  by  personal  ex- 
periment) has  been  discovered. 

The  official  preparations  of  Indian  hemp  are  a  solid  extract  and  a 
tincture,  official  both  in  B.P.  and  U.S.P.,  and  a  fluid  extract,  official  in  the 
U.S.P.  only.  All  these  are  extracted  with  alcohol,  and  are  all  unsatisfactory 
because  they  vary  much  in  strength ;  therefore  it  is  well  to  begin  with 
small  doses,  e.g.  \  gr.  of  extract  or  5  minims  of  tincture.  The  tincture 
appears  to  be  a  little  more  reliable  than  the  extracts.  A  powerful  ethereal 
extract  is  in  the  market. 

Non-official  preparations  are :  cannabinon  (Merck),  a  blackish  extract 
with  powerful  physiological  effect  (in  the  one  sample  we  have  tried). 
Dose  ^-1  gr.  Begin  with  not  more  than  the  smaller  dose.  Cannabinon 
(Bombelow)  is  also  said  to  be  a  powerful  preparation.  Haschischin,  a 
brownish  powder  prepared  by  making  an  alcoholic  extract,  after  washing 
with  water,  is  used  in  the  proportion  of  1  in  20  of  butter,  by  See,  in 
gastric  and  other  affections.  We  have  not  tried  its  effect  experimentally. 
Cannabin  tannate  (Merck),  a  brown  powder,  is  of  little  value. 

Other  preparations — those  of  Denzel,  for  example — may  be  obtained, 
and  are  usually  reliable.  Cannabinol  has  also  been  put  on  the  market, 
but  the  only  specimen  of  this  that  we  tried  was  much  inferior  in  activity 
to  that  with  which  we  experimented. 

Cannabinol  derivatives. — None  of  these  are  of  practical  value.  The 
acetate  and  phosphate  are  very  slightly  active ;  a  bromo-derivative  was 
found  by  us  to  be  active,  but  its  exhibition  was  followed  by  severe  mental 
depression. 
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THE  ALKALI  METALS. 

POTASSIUM,  SODIUM,  AMMONIUM,  LITHIUM,  EUBIDIUM,  CAESIUM. 

THE  alkali  metals  constitute  a  natural  group  of  monovalent  elements,  which 
resemble  each  other  not  only  in  their  physical  properties  but  also  in  their 
chemical  behaviour.  Two  members  of  the  group,  potassium  and  sodium, 
are  met  with  abundantly  in  nature,  and  form  very  important  constituents 
of  living  organisms.  In  vegetable  structures  the  compounds  of  potassium 
preponderate,  whereas  in  the  animal  organism  those  of  sodium  play  the 
more  important  role.  Lithium  is  widely  distributed,  but  in  scanty 
amounts,  whereas  rubidium  and  caesium  are  rare  metals,  the  discovery 
of  which  was  among  the  earlier  triumphs  of  spectrum  analysis. 

All  the  metals  of  the  alkali  group  agree  in  yielding  strongly  alkaline 
oxides  and  hydrates,  and  all  form  soluble  carbonates,  of  which  the  carbon- 
ate of  lithium  is  the  least  readily  soluble. 

With  the  metals  of  this  group  may  be  classed  the  compound  radical 
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ammonium  (NH4),  the  salts  of  which  present  striking  resemblances  to 
those  of  the  so-called  fixed  alkalies. 

Pharmacology. — Before  passing  on  to  speak  of  the  special  thera- 
peutic uses  of  the  various  compounds  of  the  alkali  metals  which  are 
employed  as  medicines,  it  will  be  well  to  discuss  briefly  the  general  thera- 
peutic actions  of  alkalies  as  such.  It  will  be  obvious  that  all  the  salts  of 
the  metals  of  this  group  do  not  fall  into  this  category,  and  in  not  a  few 
of  them  it  is  not  to  the  metallic  constituent,  but  to  the  acid  with  which 
it  is  combined,  that  the  therapeutic  efficacy  is  to  be  ascribed.  We  may, 
however,  class  as  alkaline  drugs  not  only  the  strongly  alkaline  hydrates, 
but  also  the  carbonates  and  bicarbonates,  and  even  the  compounds  of  these 
metals  with  organic  acids,  such  as  the  acetates,  citrates,  and  tartarates, 
which  become  converted  into  carbonates  in  the  body  and  circulate  as  such 
in  the  blood. 

The  salts  of  the  alkali  metals  are  readily  absorbed  from  the  alimentary 
canal,  but  those  of  the  several  metals  differ  in  this  respect,  potassium 
salts,  for  example,  being  more  rapidly  absorbed  than  those  of  sodium.  As 
a  result  of  their  ready  absorption,  the  primary  effect  of  the  administration 
of  alkalies  is  an  increase  of  the  alkalinity  of  the  body  fluids,  the  most 
obvious  evidence  of  which  is  the  diminished  acidity,  or  even  alkalinity,  of 
the  urine  which  follows  their  introduction  by  the  mouth.  In  this  respect, 
however,  ammonia  and  the  compounds  of  ammonium  with  organic  acids 
differ  from  the  fixed  alkalies,  and  when  these  are  taken  the  urinary  ammonia 
is  not  increased,  but  there  is  instead  an  augmented  excretion  of  urea. 

One  important  result  of  this  increased  alkalinity  of  the  fluids  of  the 
body  is  a  stimulation  of  metabolism,  and  increased  oxidation  of  proteids 
and  fats.  The  destruction  of  fats  which  is  thus  brought  about  has  been 
made  use  of  in  the  treatment  of  obesity.  In  addition  to  rendering  the 
urine  alkaline  if  administered  in  sufficient  quantities,  alkalies  have  the 
effect  of  stimulating  the  activity  of  the  kidneys,  with  the  result  that  some 
degree  of  diuresis  follows  their  administration. 

Therapeutics. — The  therapeutic  effects  of  alkalies  are  partly  local 
and  partly  general.  Externally,  they  are  employed  for  the  purpose  of 
cleansing  the  skin,  and  are  not  infrequent  constituents  of  lotions  intended 
to  allay  cutaneous  irritation.  Alkaline  mouth-washes  prove  of  service  in 
neutralising  any  free  acid  which  may  be  formed  in  the  buccal  cavity. 

In  the  treatment  of  dyspepsia  alkaline  drugs  often  prove  of  very  great 
service,  and  when  administered  shortly  before  meals  they  act  not  by 
neutralising  the  acid  present  in  the  stomach,  but  mainly  by  stimulating  the 
secretion  of  the  acid  gastric  juice.  In  a  word,  it  is  by  increasing  rather 
than  by  diminishing  the  acid  in  the  stomach  that  they  produce  their  effects. 
The  increased  secretion  of  hydrochloric  acid  not  only  aids  digestion 
directly,  but,  by  raising  the  acidity  of  the  medium,  it  must,  as  Binz  has 
well  pointed  out,  exert  an  antiseptic  action,  and  so  tend  to  check  the 
fermentative  processes  which  lead  to  the  formation  of  organic  acids,  such 
as  butyric  and  lactic,  in  the  cavity  of  the  stomach.  There  is  yet  another 
way  in  which  alkalies  probably  aid  digestion,  namely,  by  rendering  less 
viscid  the  mucus  which  is  apt  to  be  present  in  excess  in  the  stomach  of 
dyspeptic  patients,  and  thus  facilitating  the  action  of  the  gastric  juice 
upon  the  food  introduced.  In  cases  in  which  heartburn  and  acid  eructa- 
tions afford  evidence  of  the  presence  of  excess  of  acid  in  the  stomach, 
probably  as  the  product  of  fermentative  processes,  the  administration  of 
a  large  dose  of  such  an  alkaline  drug  as  sodium  bicarbonate,  after  meals, 
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will  often  afford   immediate  if  only  temporary  relief  by  neutralising  to 
some  extent  the  excess  of  free  acid. 

In  cases  of  poisoning  by  acids,  the  administration  of  alkaline  drugs  as 
antidotes  is  clearly  indicated. 

A  noteworthy  effect  of  alkalies  is  that  which  they  exert  upon  the 
mucous  membrane  of  the  respiratory  passages,  namely,  the  checking  of 
the  mucous  secretion  which  accompanies  catarrhal  conditions. 

Advantage  is  taken  of  the  effect  of  alkalies  upon  the  reaction  of  the 
urine  in  the  alkaline  treatment  of  uric  acid  gravel  and  sand,  which  is  so 
closely  associated  with  the  name  of  the  late  Sir  William  Roberts.  The 
most  potent  factor  in  determining  the  precipitation  of  free  crystalline  uric 
acid  in  the  urinary  passages  is  a  high  degree  of  acidity  of  the  urine.  If, 
on  the  other  hand,  the  urine  be  alkaline,  or  only  faintly  acid,  no  such 
precipitation  can  occur.  During  the  daytime,  the  alkaline  tide  which 
follows  the  ingestion  of  meals  will  usually  suffice  to  prevent  the  urine 
from  acquiring  so  high  a  degree  of  acidity  that  the  precipitation  of  uric 
acid  occurs  before  the  urine  is  passed,  but  during  the  long  night  fast  and 
the  hours  of  sleep  the  acidity  of  the  urine  reaches  its  maximum,  and  it  is 
then  that  the  deposition  is  most  liable  to  occur.  It  is  therefore  a  strictly 
scientific  plan  of  treatment  to  endeavour  to  ward  off  this  occurrence  by 
the  administration  of  a  dose  of  an  alkali  at  bedtime,  and  such  a  dose  as 
40  to  60  grs.  of  potassium  citrate,  taken  at  this  time,  will  usually  suffice 
to  so  lower  the  acidity  of  the  urine  during  the  hours  of  sleep,  that  the 
precipitation  of  uric  acid  is  at  least  delayed  until  after  the  urine  has  been 
expelled  from  the  bladder,  and  it  is  this  result,  rather  than  actual  alkal- 
inity of  the  urine,  that  is  to  be  aimed  at.  There  are,  however,  cases  in 
which  such  a  single  dose  does  not  suffice,  and  in  which  it  is  necessary,  in 
order  to  guard  the  early  morning  hours,  to  administer  a  second  dose 
during  the  night;  occasionally,  when  the  tendency  to  precipitation  is 
very  extreme,  the  alkaline  drug  requires  to  be  taken  during  the  day  also. 

This  plan  of  treatment  is  materially  aided  by  a  judicious  arrangement 
of  the  meals,  such  that  full  advantage  is  taken  of  the  alkaline  tide, 
and  unnecessarily  prolonged  periods  of  fasting  are  avoided.  It  may 
be  fairly  claimed  for  this  treatment  that,  even  if  it  be  not  capable  of 
bringing  about  the  reduction  by  solution  of  concretions  already  formed, 
it  has  at  least  the  advantage  of  affording  a  means  of  arresting  the 
further  deposition  of  uric  acid  upon  such  concretions,  and  of  preventing 
the  formation  of  fresh  deposits. 

Gout  is  one  of  the  diseases  in  which  alkaline  drugs  are  most  generally 
employed,  but  in  connection  with  this  disease  we  are  confronted  with  an 
entirely  different  set  of  problems.  On  the  one  hand,  we  have  the  testimony 
of  a  number  of  clinical  observers  who  have  had  wide  experience  in  the  treat- 
ment of  gout,  and  who  believe  that  alkalies  are  of  much  service  in  this 
disease;  on  the  other  hand,  there  are  those  who  maintain  that  the 
grounds  upon  which  this  plan  of  treatment  is  based  are  altogether  errone- 
ous. Our  knowledge  of  the  pathology  of  gout  is  at  the  present  time  in  a 
stage  of  transition.  Recent  researches,  whilst  they  show  that  the  nature 
of  the  disease  is  far  less  simple  than  was  at  one  time  supposed,  have  not 
led  to  the  formulation  of  any  fresh  theory  which  meets  all  requirements, 
and  until  we  know  more  of  the  nature  of  gout  than  we  do  at  present, 
we  cannot  hope  to  establish  a  strictly  scientific  course  of  treatment  of 
the  disease.  The  uric  acid  present  in  blood  may  be  supposed  to  be 
combined  with  sodium,  unless,  as  Tunnicliffe  and  Rosenheim  have 
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recently  suggested  the  urates  undergo  hydrolytic  dissociation.  When 
salts  of  potassium  or  lithium,  metals  which  form  urates  much  more 
soluble  than  sodium  biurate,  are  administered  in  ordinary  medicinal 
doses,  the  amount  of  such  salts  present  in  the  blood  at  any  given  time 
must  be  extremely  small  in  comparison  with  the  sodium  compounds, 
and  we  cannot  hope  to  substitute,  to  any  appreciable  extent,  the  fresh 
base  for  the  sodium  with  which  the  uric  acid  is  originally  combined. 
The  experiments  of  Roberts  and  Luff,  who  hold  that,  in  the  blood,  uric 
acid  exists  in  the  form  of  a  quadriurate,  show  that,  when  given  in 
medicinal  doses,  alkalies  have  not  the  power  of  preventing,  or  even 
delaying,  the  precipitation  of  sodium  biurate  from  solutions  of  the 
quadriurate,  or  of  dissolving  the  biurate  when  it  has  once  been  deposited 
in  the  tissues.  In  other  words,  these  observers  maintain  that  alkaline 
drugs  are  unable  to  prevent  the  formation,  of  gouty  concretions,  or  to 
cause  their  resolution  when  once  formed. 

Of  the  various  investigators  who  have  studied  the  effect  of  the  adminis- 
tration of  alkalies  upon  the  excretion  of  uric  acid  in  the  urine,  some  have 
failed  to  observe  any  marked  effect,  some  have  noted  a  diminished  excre- 
tion, and  others  have  observed  a  marked  increase  of  the  output  of  uric 
acid.  Haig  assigns  to  alkalies  a  most  conspicuous  effect  in  favouring  the 
excretion  of  uric  acid.  He  believes  that  such  drugs  clear  out  the  urate 
from  the  organs,  such  as  the  spleen  and  liver,  in  which  it  has  been  stored 
up,  and  that  its  presence  in  the  blood,  in  transit  to  the  kidneys,  is  mani- 
fested by  raised  pulse  tension,  uric  acid  headache,  and  other  phenomena. 
In  the  recent  researches  of  His  and  Magnus  Levy,  on  the  other  hand, 
no  marked  effect  of  alkalies  upon  the  excretion  of  uric  acid  was 
observed. 

In  view  of  the  conflict  of  evidence  which  exists,  the  value  of  alkalies 
in  the  treatment  of  gout  may  be  regarded  as  being  still  sub  judice,  but 
the  clinical  evidence  of  their  utility  cannot  be  lightly  dismissed.  Even  if 
it  be  granted  that  they  do  not  exert  any  conspicuous  effect  upon  the 
deposition  and  excretion  of  urates,  and  if  the  theory  upon  which  their 
employment  was  based  is  incorrect,  it  does  not  follow  that  they  do  not 
exert  a  beneficial  action  in  other  ways.  The  action  of  colchicum  teaches 
us  that  a  drug  may  prove  of  great  value  in  the  treatment  of  gout  even 
although  it  produces  no  obvious  effect  upon  the  excretion  of  uric  acid. 

The  alkaline  treatment  of  acute  rheumatism,  which  was  introduced  by 
Wright  in  1847,  and  was  strongly  advocated  at  a  later  period  by  Fuller 
and  others,  was  largely  employed,  especially  in  this  country,  during  the 
period  which  immediately  preceded  the  introduction  of  salicin  and  the 
salicylates.  It  apparently  had  its  origin  in  a  supposed  excessive  production 
of  lactic  acid  in  this  disease,  and  a  consequent  diminution  of  the  alkalinity 
of  the  blood.  There  is,  however,  no  conclusive  evidence  that  in  acute 
rheumatism  the  alkalinity  of  the  blood  is  really  diminished,  or  that  there 
is  any  increased  formation  of  lactic  acid  in  the  body.  Any  influence 
exerted  by  the  alkaline  treatment  in  cutting  short  the  disease,  lowering 
temperature  and  relieving  pain,  was  in  no  way  comparable  to  that 
of  the  salicylic  drugs  which  have  now  superseded  alkalies  in  the  treat- 
ment of  acute  rheumatism.  However,  it  has  been,  and  still  is,  held 
that  alkalies  have  a  conspicuous  power  of  diminishing  the  liability  to 
cardiac  lesions,  and  thus  succeed  to  some  extent  where  the  salicylates 
fail.  On  this  account  they  are  not  infrequently  prescribed  together  with 
the  salicylate  of  sodium. 
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POTASSIUM  SALTS. 

Pharmacology. — When  injected  into  the  circulation  of  the  lower 
animals,  the  salts  of  potassium  exert  a  powerful  toxic  action,  which  was 
first  described  by  Bernard  and  Grandeau  in  1864,  and  has  since  been 
studied  by  a  number  of  observers.  The  more  recent  investigations  on 
the  subject  render  it  highly  probable  that  the  well-known  toxic  action 
of  urine  when  injected  into  the  veins  of  animals  is  due  to  the  potassium 
salts  which  it  contains. 

The  most  conspicuous  effect  is  upon  the  heart,  which,  after  the  injec- 
tion of  large  doses,  is  arrested  in  diastole  within  a  few  seconds  of  the  com- 
pletion of  the  injection.  Some  observers  describe  convulsive  movements 
of  the  heart  after  the  pulse  has  stopped,  which  are  too  irregular  in 
character  to  propel  the  blood  onwards.  The  convulsions  which  some- 
times occur  before  the  death  of  the  animal  are  probably  due  to  asphyxia, 
and  are  stated  by  Binet  to  occur  only  in  warm-blooded  animals.  When 
small  doses  are  injected,  the  depressant  effect  of  the  drug  is  preceded 
by  a  period  of  stimulation,  with  increased  blood  pressure  and  slow  pulse. 
In  mammals  the  effect  of  a  potassium  salt  upon  the  heart  is  so  marked 
and  so  rapidly  developed,  that  the  other  effects  of  the  poison  are  very  im- 
perfectly observed,  but  in  frogs  this  action  is  less  prominent,  and  allows 
time  for  the  development  of  the  paralytic  effects,  which  are  first  mani- 
fested in  the  central  nervous  system,  but  which  afterwards  implicate  the 
peripheral  nerves  and  muscles.  The  exact  manner  in  which  the  effect 
upon  the  heart  is  produced  is  not  yet  clearly  established,  and  it  will  not 
be  necessary  to  discuss  here  the  several  views  which  have  been  advanced 
in  this  connection. 

When  administered  by  the  mouth  in  ordinary  medicinal  doses,  the 
salts  of  potassium  are  not  at  any  time  present  in  the  blood  in  sufficient 
quantities  to  produce  marked  toxic  effects,  such  as  are  observed  when 
they  are  injected  directly  into  the  circulation  of  animals ;  but  the  possi- 
bility of  causing  undesirable  cardiac  depression  should  be  borne  in  mind 
when  such  salts  are  given  in  large  doses  and  their  administration  is  long 
continued. 

In  cases  of  poisoning  by  large  quantities  of  potassium  salts,  far  in 
excess  of  medicinal  doses,  the  special  toxic  action  of  this  metal  upon  the 
heart  may  have  an  important  share  in  bringing  about  the  fatal  result,  but 
in  many  instances  the  symptoms  are  largely  due  to  the  action  of  the 
poison  upon  the  alimentary  canal,  or,  as  in  the  case  of  potassium  chlorate, 
to  special  toxic  effects  of  the  acid  with  which  the  metal  is  combined. 

POTASSA. — This  compound,  called  Potassa  (U.S.P),  Potassa  Caustica 
(B.P.),  and  usually  known  as  potassium  hydrate,  is  sold  in  the  form  of  hard 
white  rods,  which  deliquesce  on  exposure  to  the  air.  Potassium  hydrate 
acts  as  a  powerful  caustic,  but  its  use  for  this  purpose  calls  for  special 
caution,  because  it  acts  by  withdrawing  water  from  the  tissues  with  which 
it  comes  in  contact,  and  is  apt  to  penetrate  to  a  considerable  distance 
around  the  point  of  application,  with  the  result  that  an  unduly  extensive 
slough  is  apt  to  be  produced.  On  account  of  its  penetrative  power,  it  was 
employed  in  former  times  for  the  making  of  issues,  and  is  occasionally 
applied  as  a  caustic  for  the  destruction  of  lupus.  It  is  more  often  em- 
ployed in  the  form  of  Vienna  paste,  in  which  the  potassium  hydrate  is 
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diluted   by  admixture  with  slaked  lime.     There  is  a  Potassa  cum  Cilce 
(U.S.P.). 

LIQUOK  POTASS^;  is  a  5'85  per  cent,  solution  of  potassium  hydrate  in 
water  (B.P.  and  U.S.P.).  It  is  a  colourless  strongly  alkaline  liquid, 
which,  when  it  comes  in  contact  with  the  skin,  produces  the  soapy 
sensation  characteristic  of  alkalies.  It  is  occasionally  employed  as  an 
external  application  to  cleanse  the  skin  by  saponifying  fats,  and  for  the 
purpose  of  removing  epidermic  growths.  On  account  of  its  softening 
action  upon  horny  structures,  it  is  of  service  in  the  treatment  of  ingrowing 
toe-nails. 

Freely  diluted,  Liquor  Potassa1  may  be  administered  internally,  in  doses 
of  10  to  30  minims,  as  an  antacid  and  with  a  view  to  stimulating  the  secre- 
tion of  the  acid  gastric  juice.  It  is  occasionally  of  use  in  checking  vomit- 
ing, and  has  been  recommended  in  the  treatment  of  the  vomiting  of 
phthisis.  As  a  general  rule,  however,  the  alkaline  salts  are  preferable  to 
the  hydrate  in  the  treatment  of  dyspeptic  conditions. 

Toxicology. — In  large  doses,  and  when  undiluted,  liquor  potassse  acts  as 
a  violent  corrosive  poison.  In  fatal  cases  of  poisoning  by  this  substance,  the 
mucous  membrane  of  the  mouth,  tongue,  oesophagus,  and  stomach  is  found 
to  be  dark  in  colour,  and  is  covered  with  a  greyish  membrane.  As  in  other 
forms  of  corrosive  poisoning,  the  larynx  is  apt  to  be  implicated,  and  oedema 
of  the  larynx  is  one  of  the  most  rapidly  fatal  of  the  effects  which  may  be 
produced.  There  may  be  complete  destruction  of  a  portion  of  the  stomach 
wall,  with  consequent  fatal  peritonitis. 

The  most  prominent  symptoms  are  intense  abdominal  pain,  and  vomit- 
ing of  blood-stained  matter  with  a  strongly  alkaline  reaction,  and  some- 
times diarrhoea  with  collapse.  Intense  thirst  and  salivation  are  also 
produced.  The  pulse  is  said  to  be  sometimes  accelerated  at  first,  but  later 
becomes  slow  and  feeble. 

v.  Jaksch  states  that  the  urine  is  usually  neutral  in  reaction  and  not 
alkaline  as  might  be  expected,  often  contains  albumin,  and  has  reducing 
properties.  Even  if  the  patient  survive  the  acute  stage  of  the  poisoning,  he 
may  still  succumb  to  its  after-effects,  such  as  the  cicatrisation  of  extensive 
areas  in  which  the  mucous  membrane  has  undergone  destruction.  Indeed, 
the  accidental  swallowing  of  caustic  alkalies  is  probably  the  commonest 
cause  of  cicatricial  stricture  of  the  oasophagus. 

POTASSIUM  CHLORATE  (B.P.  and  U.S.P.). — On  account  of  the  comparative 
readiness  with  which  potassium  chlorate  parts  with  its  oxygen,  it  was 
formerly  largely  employed  in  medicine,  with  a  view  to  increasing  the 
oxidation  processes  in  the  tissues.  It  has,  however,  been  shown  that  a 
large  proportion,  at  any  rate,  of  the  salt  administered  is  excreted 
unchanged  in  the  urine,  and  the  chlorate  is  also  found  in  the  saliva  and 
in  the  secretion  of  the  mucous  surface.  There  is  some  discrepancy  in 
the  results  of  the  investigations  which  have  been  carried  out  for  the 
purpose  of  ascertaining  whether  any  of  the  ingested  salt  becomes  reduced 
in  the  body.  Thus  Gaehtgens  concluded  that  about  one-fifth  of  the 
quantity  taken  underwent  reduction,  but  the  observations  of  Isambard, 
Binz,  Marchand,  and  others  point  to  the  excretion  of  practically  the  whole 
amount  unchanged. 

Therapeutics. — The  employment  of  potassium  chlorate  with  the  idea 
that  it  acts  as  a  general  oxidising  agent  in  adynamic  fevers  is  now  practic- 
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ally  obsolete,  and  the  drug  is  now  almost  exclusively  employed  on  account 
of  its  local  action,  and  in  suitable  cases  it  is  undoubtedly  of  great  value. 

When  suitably  diluted,  it  proves  highly  efficient  in  the  treatment  of 
various  affections  of  the  mouth,  such  as  the  ordinary  ulcerative  stomatitis 
of  children,  aphthous  and  mercurial  stomatitis,  tonsillitis  and  pharyngitis. 
Binz  has  found  that  potassium  chlorate  becomes  reduced  to  the  chloride 
in  putrefying  solutions ;  and  he  attributes  its  beneficial  action  in  cases  of 
the  kinds  mentioned  above  to  such  reduction  of  the  salt,  and  to  the  evolu- 
tion of  oxygen  in  the  nascent  state. 

The  chlorate  may  be  dissolved  in  water  (10  grs.  to  1  oz.)  and  employed 
as  a  gargle,  or  it  may  be  administered  as  a  medicine  in  doses  of  10  grs. 
Lozenges  containing  3  grs.  each  are  very  commonly  used  for  various 
diseases  of  the  mouth.  They  are  official  in  both  the  B.P.  and  the  U.S.P. 
When  it  is  thus  introduced  into  the  stomach  the  local  action  of  the  drug  is 
still  obtained,  because,  as  has  been  already  mentioned,  it  is  in  part  excreted 
in  the  saliva,  and  is  so  brought  in  contact  with  the  buccal  mucous  membrane. 
Toxicology. — When  taken  in  excessive  quantities,  potassium  chlorate 
exerts  a  powerful  toxic  action.  The  poisonous  effects  produced  are  charac- 
teristic. That  they  are  due  to  the  acid  rather  than  to  the  metallic  con- 
stituent of  the  salt,  is  shown  conclusively  by  the  fact  that  similar  effects 
are  produced  by  sodium  chlorate.  The  phenomena  of  this  form  of  poison- 
ing have  been  carefully  studied  by  a  number  of  investigators,  amongst 
whom  Marchand,  Stokvis,  v.  Mering,  and  Eiess  may  be  specially  men- 
tioned. The  most  striking  and  the  earliest  toxic  effect  of  the  drug  is  the 
partial  conversion  of  the  blood  pigment  into  methsemoglobin,  a  change 
which  is  evidenced  by  an  alteration  of  the  colour  of  the  blood  to  a 
chocolate  tint,  and  by  the  appearance  in  its  spectrum  of  the  absorption 
band  in  the  red  which  is  characteristic  of  that  form  of  haemoglobin.  The 
chemical  relationship  of  methsemoglobin  to  oxyhaemoglobin  has  formed 
the  subject  of  much  discussion,  but  the  view  which  is  now  generally 
accepted  regards  these  two  substances  as  containing  equal  amounts  of 
oxygen.  As  the  oxygen  in  methaemoglobin  is  in  more  stable  combination, 
the  result  of  such  a  transformation  is  to  render  the  blood  pigment  useless 
as  a  carrier  of  oxygen  to  the  tissues. 

Marchand  has  shown  that  the  presence  of  methsemoglobin  in  the  blood 
is  only  evident  in  the  earlier  stages  of  the  poisoning,  although,  as  the  same 
observer  has  pointed  out,  the  change  is  not  developed  at  the  time  when 
the  blood  contains  the  maximum  amount  of  potassium  chlorate  in  solution, 
but  only  after  a  large  proportion  of  the  ingested  salt  has  been  eliminated. 
In  some  cases  in  which  death  ensues  a  few  hours  after  the  toxic  dose 
has  been  taken,  the  fatal  result  appears  to  be  wholly  due  to  this  change 
in  the  blood  and  to  the  resulting  interference  with  its  oxygen-carrying 
power,  and  no  visceral  changes  are  found  post-mortem.  Thus  in  a  case 
described  by  v.  Haselbert-Hofmeier,  a  child,  aet.  18  months,  succumbed  in 
this  manner  after  the  administration  of  a  teaspoonful  of  potassium  chlorate 
in  water.  Manouvriez  saw  a  similar  fatal  case  in  a  man,  aet.  67,  who  had 
taken  35  grms.  of  the  salt.  Clinically  the  change  in  the  haemoglobin  is 
evidenced  by  a  peculiar  cyanotic  tint  of  the  skin. 

The  alkalinity  of  the  blood  is  diminished,  and  it  has  even  been  found 
after  death  to  have  an  acid  reaction.  Nor  are  the  changes  in  the  blood 
of  a  merely  chemical  nature,  the  later  stage  being  characterised  by  an 
actual  destruction  of  red  corpuscles.  In  a  case  observed  by  Riess,  of  a 
man,  get.  35  (who,  having  been  instructed  to  gargle  with  the  chlorate,  took 
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instead  some  20  grms.  of  the  salt  in  water  in  the  course  of  two  hours), 
after  the  lapse  of  two  days  the  blood  no  longer  showed  the  absorption 
band  in  the  red  of  methremoglobin,  but  about  a  quarter  of  all  the  red 
corpuscles  were  almost  completely  decolorised.  They  contained  only 
remains  of  their  hemoglobin  in  the  form  of  small  granules,  and  similar 
granules  were  seen  in  the  surrounding  serum.  At  the  same  time  there 
was  a  conspicuous  leucocytosis.  If  this  stage  be  reached,  marked  en- 
largement of  the  spleen  and  liver  is  observed,  the  skin  may  show  an 
icteric  tinge,  and  the  excretion  of  the  destroyed  blood-pigment  by  the 
kidneys  is  evidenced  by  the  occurrence  of  hsemoglobinuria.  The  urine 
shows  the  absorption  bands  of  methsemoglobin  and  of  oxy haemoglobin, 
and  deposits  a  dark-coloured  sediment  of  haemoglobin  debris.  When 
recovery  follows,  as  may  be  the  case  even  when  severe  toxic  symptoms 
have  appeared,  the  destroyed  pigment  is  completely  disposed  of  in  this 
way.  However,  even  at  a  later  stage,  death  may  result  from  obstruction 
of  the  renal  tubules  by  the  excreted  debris,  resulting  in  suppression  of 
urine  and  the  phenomena  of  ursemia. 

In  addition  to  the  changes  above  described,  symptoms  indicative  of 
irritation  of  the  alimentary  tract  are  met  with,  such  as  diarrhoaa,  vomiting, 
and  even  huematemesis.  Cardiac  failure  is  also  a  conspicuous  symptom  in 
this  form  of  poisoning. 

v.  Jaksch  describes  a  condition  of  subacute  poisoning  which  results 
from  long-continued  use  of  the  drug  in  affections  of  the  mouth,  and  which 
is  characterised  by  pallor,  less  conspicuous  but  similar  blood  changes,  and 
diarrhoaa  with  bloody  stools.  Hremoglobinuria  may  be  observed  in  such 
cases,  and  a  roseolous  rash  is  not  infrequently  developed.  He  mentions 
5  to  6  grms.  as  a  fatal  dose  for  children,  and  15  grms.  or  more  for  adults, 
but  considerably  smaller  doses  than  these  may  give  rise  to  severe  toxic 
symptoms. 

These  toxic  properties  of  potassium  chlorate  call  for  caution  in  its 
administration,  especially  as  different  individuals  differ  widely  in  their 
susceptibility  to  its  influence ;  and  the  advice  of  Binz  may  be  quoted,  that 
this  drug  should  be  given  cautiously  in  fevers,  which  reduce  the  alkalinity 
of  the  blood,  and  that  it  should  not  be  administered  in  large  doses  upon  an 
empty  stomach. 

POTASSIUM  NITRATE  (B.P.  and  U.S.P.). — This  salt,  which  is  familiarly 
known  as  nitre,  crystallises  in  six-sided  rhombic  prisms ;  one  part  is  soluble 
in  four  parts  of  cold  water.  The  dose  is  5  to  20  grs. 

Potassium  nitrate  shares  the  toxic  properties  of  other  potassium  salts, 
and  also  acts  as  a  somewhat  violent  irritant  to  the  alimentary  canal,  when 
administered  in  large  quantities  or  in  concentrated  solution.  It  is  to  this 
irritant  property,  rather  than  to  the  special  toxicity  of  the  contained  base, 
that  the  symptoms  of  poisoning  which  have  not  infrequently  followed  the 
accidental  taking  of  this  in  mistake  for  other  more  innocent  salts,  are 
chiefly  due.  Quantities  of  nitre,  which  when  in  concentrated  solution 
exert  a  violent  toxic  action,  may,  if  freely  diluted,  be  taken  without  evil 
effects.  The  drug  is  excreted  unchanged  in  the  urine. 

When  taken  in  small  doses,  or  when  freely  diluted  with  water,  po- 
tassium nitrate  exerts  a  diuretic  and  diaphoretic  action ;  but,  seeing  that 
similar  effects  are  produced  by  the  administration  of  potassium  citrate  and 
acetate,  it  is  little  used  for  these  purposes.  It  was  formerly  widely  em- 
ployed in  the  treatment  of  febrile  conditions,  and  especially  those  attended 
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by  fibrinous  exudations  and  excess  of  fibrin  in  the  blood,  and  it  was 
thought  to  exert  a  beneficial  action  in  febrile  cases  by  depressing  the 
action  of  the  heart.  In  the  test-tube,  nitre  possesses  the  power  of  prevent- 
ing coagulation  of  the  blood,  and  of  dissolving  the  clot  when  already 
formed.  In  acute  rheumatism  it  was  at  one  time  extensively  employed, 
having  been  originally  recommended  for  the  treatment  of  this  disease 
by  Brocklesby  as  far  back  as  the  year  1764.  At  a  later  period  its  use 
was  advocated  by  Gendrin,  Basham,  Bennett,  Martin-Solon,  and  others. 
Lebert  attributed  some  good  effect  to  this  drug  when  given  in  large  doses, 
but  he  found  that  doses  large  enough  to  be  efficacious  in  rheumatic  cases 
were  liable  to  cause  even  dangerous  depression.  The  doses  administered 
by  some  physicians  in  acute  rheumatism  reached  several  drachms,  and 
Besnier  protested  against  this  free  use  of  a  drug  which  is  by  no  means 
devoid  of  dangerous  properties,  and  which  he  had  found  to  be  of  little 
service  in  the  disease  under  consideration. 

Nitre  is  sometimes  employed  in  the  treatment  of  inflammatory  affec- 
tions of  the  mouth  and  pharynx,  such  as  stomatitis  and  tonsillitis.  In 
tonsillitis,  5  grs.  of  the  drug,  mixed  with  an  equal  quantity  of  powdered 
guaiacum  resin  and  placed  dry  upon  the  back  of  the  tongue,  often  affords 
conspicuous  relief.  The  chief  therapeutic  employment  of  nitre  at  the 
present  day  is  in  the  treatment  of  spasmodic  asthma,  and  this  substance  is 
a  constituent  of  many  asthma  powders.  It  is  also  used  alone  in  the  form 
of  nitre  paper,  which  is  prepared  by  soaking  blotting-paper  in  a  solution  of 
50  grs.  of  the  salt  in  1  oz.  of  water.  The  paper,  which  becomes  impreg- 
nated with  potassium  nitrate,  is  dried  and  burnt,  the  patient  being  allowed 
to  inhale  the  fumes.  Vohl  investigated  the  constitution  of  the  vapour,  and 
found  it  to  contain  carbon  dioxide  and  monoxide,  cyanogen,  ammonia,  free 
nitrogen,  water,  potassium  carbonate  and  nitrate,  and  ammonium  carbonate. 
W.  Koch,  on  the  other  hand,  found  ammonium  carbonate,  carbon  dioxide, 
and  water,  but  no  cyanogen  or  cyanide  nor  any  potassium  compounds,  in 
the  strongly  alkaline  vapour.  There  were  present,  in  addition,  em- 
pyreumatic  products,  and  an  aromatic  compound  with  an  odour  of 
cumarin. 

As  has  been  already  mentioned,  the  most  conspicuous  symptoms  due  to 
poisoning  by  potassium  nitrate  are  referable  to  the  alimentary  canal,  and 
include  abdominal  pain,  vomiting  and  diarrhoea.  The  vomit  and  stools 
may  contain  blood.  Associated  with  the  above  symptoms  are  collapse  and 
muscular  weakness.  Convulsions  are  sometimes  observed.  The  drug  has, 
moreover,  a  toxic  effect  upon  the  kidneys,  and  ha^maturia  and  even  sup- 
pression of  urine  may  be  present.  In  cases  of  fatal  poisoning,  the  aliment- 
ary canal  presents  the  ordinary  appearances  produced  by  irritant  poisons, 
namely,  injection  of  vessels  and  congestion,  and  sometimes  submucous 
haemorrhages.  In  extreme  cases  there  may  even  be  some  destruction  of 
mucous  membrane. 

POTASSIUM  SULPHATE  (B.P.  and  U.S.P.)  is  a  saline  purgative,  which,  when 
given  in  doses  of  10  to  40  grs.  and  freely  diluted,  has  no  irritant  properties. 
It  is,  however,  less  frequently  employed  than  the  corresponding  sodium  salt, 
in  connection  with  which  substance  the  mode  of  action  of  saline  purgatives 
will  be  discussed.  It  is  most  often  prescribed  with  other  aperients,  and  is 
a  constituent  of  several  pharmacopoeial  preparations,  namely,  Pulvis  Ipe- 
cacuanha Co.  (B.P.),  Pilula  Colocynthidis  Co.  (B.P.),  Pilula  Colocynthidis 
et  Hyoscyami  (B.P.),  and  Pilula  Ipecacuanha  cum  Scilla  (B.P.).  It  has 
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been  recommended  as  an  aperient  after  delivery,  but  has  also  been  supposed 
to  prove  effectual  in  "  drying  up  "  the  milk. 

In  large  doses,  and  when  insufficiently  diluted,  it  has  powerful  irritant 
properties,  and  cases  of  fatal  poisoning  by  very  large  doses,  such  as  li  oz. 
of  the  salt,  have  been  recorded. 

POTASSIUM  TARTARATE  (B.P.  and  U.S.P.)  is  given  as  a  diuretic  in  doses 
of  20  to  60  grs.,  and  as  a  saline  purgative  in  doses  of  2  to  4  drins. 

POTASSIUM  ACID  TARTARATE  OR  BITARTARATE  (B.P.  and  U.S.P.),  or 
cream  of  tartar,  is  administered  in  similar  doses,  and  for  the  same 
purposes  as  the  tartarate.  It  is  especially  used  in  cases  of  parenchy- 
matous  nephritis  with  dropsy,  and  then  usually  in  the  form  of  Pulvis 
Jalapae  Compositus  (B.P.  and  U.S. P.),  of  which  it  is  an  important  constituent. 
It  is  also  contained  in  Confectio  Sulphuris  (B.P.)  and  Trochiscus  Sul- 
phuris  (B.P.).  Both  the  tartarate  and  acid  tartarate  are  in  large  part 
excreted  in  the  faeces,  but  that  portion  which  is  absorbed  is  converted 
into  carbonate,  and  as  a  result  the  urine  is  rendered  alkaline. 

POTASSIUM  CITRATE  (B.P.  and  U.S.P)  is  given  in  doses  of  10  to 
40  grs.  It  acts  as  a  cooling  diuretic  and  diaphoretic,  and  is  on  this 
account  administered  in  fevers.  It  becomes  converted  into  the  car- 
bonate after  absorption,  and  renders  the  urine  alkaline.  It  is  one  of 
the  alkaline  drugs  chiefly  employed  in  the  treatment  of  uric  acid  sand 
and  gravel,  and  also  in  the  treatment  of  gouty  conditions,  in  which  the 
salts  of  potassium  are  usually  given  in  preference  to  those  of  sodium. 
In  chronic  renal  disease  it  often  proves  a  useful  diuretic,  and  it  has 
been  recommended  as  a  mild  expectorant  in  bronchitis.  For  the  treatment 
of  uric  acid  gravel  Sir  William  Roberts  recommended  the  administration 
of  40  to  60  grs.  of  the  citrate  in  4  oz.  of  water  every  four  hours. 

POTASSIUM  ACETATE  (B.P.  and  U.S.P.)  resembles  the  citrate  very  closely 
in  its  therapeutic  effects.  Like  the  citrate,  it  becomes  converted  into  the 
carbonate  after  absorption,  and  renders  the  urine  alkaline.  It  is  given  in 
doses  of  from  10  to  60  grs. 

POTASSIUM  CARBONATE,  which  is  contained  in  Pilula  Ferri  Carbonatis 
(U.S.P.),  and  POTASSIUM  BICARBONATE  (both  official  in  B.P.  and  U.S.P.)  have 
the  same  action  as  the  corresponding  sodium  salts,  and  are  rarely  em- 
ployed. For  potassium  bichromate,  see  p.  379 ;  for  potassium  perman- 
ganate, see  p.  376  ;  for  potassium  iodide,  see  p.  449  ;  for  potassium  bromide, 
see  p.  300  ;  and  for  potassa  sulphurata,  see  p.  489. 

SODIUM  SALTS. 

The  salts  of  sodium  are  less  toxic  than  those  of  any  other  alkali  metal, 
and  for  all  practical  purposes  any  special  action  of  their  basic  constituent 
may  be  disregarded.  They  also  differ  from  the  corresponding  salts  of 
potassium  in  being  less  readily  absorbed  from  the  alimentary  canal.  The 
metal  sodium  itself  has  a  place  in  the  British  Pharmacopoeia,  being  used  in 
the  preparation  of  sodium  ethylate. 

SODIUM  CARBONATE  is  official  in  the  British  and  United  States  Phar- 
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macopceias  in  two  forms,  namely,  as  the  crystalline  salt,  containing  10 
molecules  of  water  of  crystallisation,  and  as  the  dried  carbonate,  from  which 
the  water  has  been  driven  off  by  heat.  The  dried  carbonate  is  used  when  it 
is  desired  to  administer  the  drug  in  the  form  of  pills,  and  is  one  of  the  con- 
stituents of  the  Pilula  Ferri  (B.P.),  or  Blaud's  pill,  in  which  it  is  mixed  with 
an  equal  quantity  of  dried  ferrous  sulphate.  The  two  salts  undergo  a  double 
decomposition  with  the  formation  of  ferrous  carbonate  and  sodium  sulphate. 

Although  much  less  caustic  than  the  corresponding  hydrates,  the 
alkaline  carbonates  are  strongly  alkaline,  and  are  by  no  means  devoid 
of  irritant  action.  Hence  for  internal  administration  the  bicarbonates 
are  usually  preferred. 

The  dose  of  the  crystalline  carbonate  is  5  to  30  grs. ;  that  of  the  dried 
carbonate  3  to  10  grs. 

SODIUM  BICAHBONATE  (B.P.  and  U.S.P.) — dose  5  to  30  grs. — is  of  all 
the  alkaline  salts  that  which  is  by  far  the  most  frequently  employed 
in  the  treatment  of  dyspepsia.  It  may  be  given  in  solution  in  doses 
of  10  to  15  grs.,  some  twenty  minutes  to  half  an  hour  before  meals, 
or  in  lozenge  form.  The  Trochiscus  Sodii  Bicarbonatis  (B.P.)  contains 
3  grs.  of  the  bicarbonate. 

The  mode  of  action  of  alkalies  in  relieving  dyspepsia  has  already  been 
discussed,  and  it  is  only  necessary  to  repeat  here  that,  when  given  in 
moderate  doses  before  meals,  they  act  by  stimulating  the  secretion  of  the 
acid  gastric  juice.  On  the  other  hand,  when  there  is  evidence  of  an 
excessive  formation  of  acid  in  the  stomach,  with  resultant  heartburn  and 
acid  eructations,  a  larger  dose,  up  to  30  grs.,  taken  after  meals,  will  often 
afford  much  relief,  and  under  such  circumstances  it  must  be  supposed  to 
do  good  by  neutralising  the  excess  of  acid  present. 

In  the  treatment  of  dyspepsia  it  is  usual  to  prescribe  other  drugs 
with  the  bicarbonate,  and  among  these  bismuth,  tincture  of  calumba,  and 
gentian  are  most  frequently  used.  As  the  acid  subnitrate  of  bismuth 
tends  to  decompose  the  bicarbonate  with  the  formation  of  carbon  dioxide, 
it  is  better  to  prescribe  bismuth  carbonate  with  this  drug.  In  the  treat- 
ment of  the  gastric  disturbances  of  young  children,  small  doses  of  sodium 
bicarbonate  given  with  rhubarb  often  prove  of  great  service. 

Sodium  bicarbonate  is  an  active  constituent  of  numerous  mineral 
springs,  and  in  some  of  these,  such  as  those  of  Vichy,  Vals,  Neuenahr, 
forms  the  chief  mineral  constituent.  In  other  waters,  such  as  those  of 
Ems  and  Royat,  sodium  chloride  is  also  present  in  considerable  amounts. 

The  bicarbonate  is  also  applied  externally  in  the  form  of  lotions  in 
certain  skin  diseases,  especially  when  accompanied  by  itching,  such  as 
urticaria  and  the  lichen  urticatus  of  children.  Such  lotions  may  contain 
from  7  to  20  grs.  of  the  salt  to  1  oz.  of  elderflower  water,  with  or  without 
the  addition  of  dilute  hydrocyanic  acid. 

SODIUM  SULPHATE  (B.P.  and  U.S.P.). — This  compound,  which  is  also 
known  as  Glauber's  salts,  crystallises  in  monoclinic  prisms,  which 
effloresce  on  exposure  to  air.  It  dissolves  readily  in  water,  and  its  solu- 
tions have  a  saline  taste.  It  is  usually  given  in  doses  of  30  to  120  grs. 
It  is  also  prescribed  in  the  form  of  Sodii  Sulphas  Effervescens  (B.P.)  (in 
which  it  is  mixed  with  sodium  bicarbonate  and  tartaric  and  citric  acids),  in 
doses  of  60  to  120  grs.  Considerably  larger  single  doses  of  the  sulphate  or 
effervescing  sulphate  may  be  prescribed,  namely,  from  2  to  4  drms. 
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Sodium  sulphate  is  a  typical  saline  cathartic.  If  60  grs.  be  taken 
in  half  a  tumbler  of  hot  or  warm  water  on  rising  in  the  morning,  a  free 
evacuation  usually  results  after  breakfast.  It  forms  the  chief  ingredient 
of  a  number  of  mineral  waters,  chief  among  which  are  those  of  Carlsbad 
and  Marienbad,  and  it  occurs  in  association  with  magnesium  sulphate  in 
most  of  the  saline  aperient  waters  in  common  use,  including  the  Hunyadi 
Janos,  Seidlitz,  .Esculap,  Friedrichshall,  Franz  Joseph,  Eubinat,  and 
Kissingen  waters.  A  very  convenient  mode  of  administration  is  in  the 
form  of  Carlsbad  salts,  dissolved  in  warm  water,  and  taken  on  rising  in 
the  morning. 

Pharmacology. — Our  knowledge  of  the  manner  in  which  saline 
purgatives  produce  their  effects  is  derived  from  the  results  of  a  large 
number  of  experimental  investigations,  and  although  the  several  experi- 
menters have  often  differed  widely  in  their  conclusions,  some  points  at 
least  appear  to  be  clearly  established. 

By  some  it  has  been  maintained  that  saline  cathartics  act  chiefly  by 
increasing  intestinal  peristalsis ;  among  the  chief  upholders  of  this  view 
are  Thiry  and  Eadziejewski ;  whereas  the  great  majority  of  those  who  have 
studied  the  subject  hold  that  they  cause  a  flow  of  liquid  into  the  intestinal 
canal.  A  study  of  the  evidence  brought  forward  leaves  no  doubt  in  the  mind 
that  the  latter  is  the  correct  explanation,  and  that  these  drugs  produce 
their  effects  by  causing  an  accumulation  of  liquid  in  the  intestine,  and 
at  the  same  time  impede  the  reabsorption  of  the  liquid  so  accumulated. 
Some  increased  peristalsis,  due  to  the  distension  which  results,  doubtless 
favours  the  expulsion  of  the  intestinal  contents. 

The  experimental  method  usually  employed  in  these  investigations 
has  been  the  injection  of  solutions  of  the  salts  into  loops  of  intestine  shut 
off  by  ligature  and  returned  to  the  abdomen.  The  animal  is  killed  after 
a  short  time,  and  the  condition  of  the  injected  piece  of  intestine  is 
compared  with  that  of  adjacent  portions  which  have  been  ligatured  but 
not  injected.  An  accumulation  of  fluid  in  the  portion  of  the  intestine 
containing  the  saline  liquid  is  always  observed,  but  not  in  the  control 
loops.  Such  experiments  have  been  carried  out  upon  cats,  dogs,  and  rabbits 
by  Moreau,  Vulpian,  Brunton,  Bottger,  Brieger,  Matthew  Hay,  and  others, 
the  methods  employed  being  the  same  in  principle,  although  differing  in 
certain  details. 

Matthew  Hay,  in  his  very  elaborate  and  careful  investigations,  showed 
that  a  saline  purgative  always  causes  more  or  less  accumulation  of  fluid 
in  the  alimentary  canal,  the  amount  being  dependent  upon  the  quantity 
of  the  salt  present  and  the  strength  of  the  solution,  and  also  upon  the 
nature  of  the  salt  employed.  The  maximum  amount  of  liquid  accumu- 
lated corresponds  closely  to  the  quantity  required  to  form  a  5  or  6  per- 
cent, solution  of  the  salt.  After  the  maximum  is  reached,  the  fluid 
becomes  gradually  and  slowly  absorbed.  He  further  found  that  as  the 
accumulation  takes  place  in  the  intestine  there  is  a  corresponding  with- 
drawal of  liquid  from  the  blood,  which  is,  however,  quickly  replaced  by 
the  abstraction  of  liquid  from  the  tissues.  A  secondary  concentration  of 
the  blood  results  from  the  diuresis  set  up  later  by  that  portion  of  the 
salt  administered  which  becomes  absorbed  from  the  intestine. 

The  action  of  saline  purgatives  appears  to  be  wholly  due  to  their  effects 
produced  in  the  alimentary  canal,  and  it  has  been  shown  by  Buchheim,  Hay, 
and  others,  that  they  exercise  no  purgative  action  when  they  are  injected 
directly  into  the  blood.  Several  different  views  have  been  maintained  as 
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to  the  nature  of  the  liquid  which  is  accumulated  in  the  intestine.  The 
earliest  observers,  including  Poiseuille,  Liebig,  Funke,  and  Kabuteau, 
attributed  the  observed  effect  to  osmosis,  but  this  view  has  been  com- 
pletely abandoned  by  more  recent  writers,  perhaps  the  most  conclusive 
evidence  against  being  afforded  by  the  experiments  of  Aubert,  which 
showed  that  the  purgative  action  of  the  various  salts  was  not  at  all 
proportional  to  their  endosmotic  equivalent. 

Others  have  maintained  that  the  fluid  collected  is  secreted  by  the 
intestinal  glands,  and  is  a  true  succus  entcricus.  This  is  the  view  held 
by  Moreau,  Brunton,  Brieger,  and  Hay,  who  base  their  conclusion  upon 
the  absence  of  any  evidence  of  inflammatory  changes  in  the  intestinal 
mucous  membrane,  upon  the  very  small  amount  of  proteid  which  the 
fluid  contains,  and  upon  its  digestive  action  upon  starch.  Vulpian,  on  the 
other  hand,  believed  that  the  purgative  irritated  the  intestinal  mucous 
membrane  and  caused  an  inflammatory  exudation,  but  the  balance  of 
evidence  certainly  appears  to  be  opposed  to  the  notion  that  any  such 
inflammatory  action  is  set  up. 

Lastly,  there  are  those  who  maintain  that  the  fluid  accumulated 
is  of  the  nature  of  a  transudate  from  the  intestinal  capillaries ;  and 
Kuchanewski,  who  is  the  most  recent  upholder  of  this  view,  bases  his 
opinion,  that  the  fluid  cannot  be  a  secretion  of  the  intestinal  glands,  upon 
the  fact  which  he  observed,  that  in  rabbits,  which  were  the  animals  with 
which  he  experimented,  the  previous  administration  of  atropine  did  not 
inhibit  the  accumulation  of  fluid  in  the  intestine  as  the  result  of  the 
administration  of  sodium  sulphate. 

Turning  now  to  the  consideration  of  the  effect  of  the  presence  of  the 
purgative  salt  upon  the  absorption  of  liquid  from  the  intestine.  Observers 
are  agreed  that  the  osmotic  pressure  of  the  saline  solution  is  one  of  the 
factors  concerned,  but  a  second  and  unknown  factor  appears  to  come  into 
play,  which  Heidenhain  designates  "the  physiological  activity  of  the 
epithelium."  In  a  recent  paper,  G.  B.  Wallace  and  A.  E.  Cushny  describe 
the  results  of  an  experimental  investigation,  which  has  led  them  to  the 
conclusion  that  the  salts  of  acids  which  form  insoluble  calcium  salts  tend 
to  retard  absorption  more  than  others.  These  salts  also  tend  to  pre- 
cipitate colloids  in  solution,  and  are  less  freely  imbibed  by  undissolved 
colloids  than  other  salts. 

Dilute  solutions  of  the  saline  cathartics  retard  the  absorption  of 
fluid  from  the  stomach  and  intestine,  and  thus  act  by  rendering  the 
contents  more  watery  and  more  easily  moved  through  the  lower  parts 
of  the  alimentary  canal.  Some  of  Hay's  earlier  experiments,  in  which 
he  administered  the  solid  salt  to  animals  deprived  of  liquid  for  some  time 
previously,  appeared  to  point  to  the  action  of  the  purgative  salts  in 
preventing  the  absorption  of  the  fluids  naturally  present  in  the  alimentary 
canal  as  the  chief  factor  in  their  action,  as  under  the  circumstances  no 
purgative  effect  followed  their  administration.  But  further  experiments 
showed  that  this  result  was  really  due  to  a  diminution  of  the  liquid  of 
the  blood  resulting  from  the  preliminary  deprivation  of  liquids. 

Therapeutics. — Saline  purgatives  are  not  only  employed  on  account 
of  their  power  of  causing  evacuation  of  the  bowels,  but  also  because  in 
causing  a  flow  of  liquid  into  the  intestine  they  withdraw  liquid  from  the 
tissues  to  replace  the  loss  from  the  blood.  Hence  they  are  of  service  in 
cases  with  anasarca,  and  as  aids  to  the  removal  of  ascitic  fluid. 

It  appears  to  be  established  by  an  accumulation  of  clinical  evidence, 
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that  the  Carlsbad  treatment  is  extremely  valuable  in  cases  of  gall  stones, 
and,  under  the  influence  of  the  course,  even  incarcerated  gall  stones 
of  long  standing  may  be  passed  with  comparatively  mild  attendant 
symptoms. 

Good  effects  may  also  be  obtained  by  a  course  of  Carlsbad  waters  at 
home.  Naunyn,  who  speaks  strongly  of  the  efficacy  of  such  treatment, 
considers  that  the  action  of  the  Carlsbad  course  in  these  cases  is  complex  ; 
that  the  general  diet  and  regimen  helps,  as  also  the  effectual  emptying 
of  the  bowel,  and  the  stimulation  of  the  mucous  membrane  containing 
sodium  sulphate  and  carbonic  acid  in  solution.  He  believes  that  the 
effect  is  not  due  to  any  definite  cholagogue  action ;  indeed,  it  appears  that 
these  salts  often  diminish  the  biliary  secretion. 

Brunton  recommends  the  subcutaneous  injection  of  sodium  sulphate 
in  cases  of  poisoning  by  carbolic  acid,  in  order  that  the  absorbed  phenol 
may  be  converted  into  an  inert  aromatic  sulphate.  The  use  of  soluble 
sulphates  in  cases  of  lead  poisoning  will  be  discussed  under  the  head  of 
magnesium  sulphate,  which  is  more  frequently  prescribed  than  the  sodium 
salt  in  such  cases. 

Several  other  sodium  salts  besides  the  sulphate  are  employed  as  saline 
aperients  when  a  less  active  purgative  action  is  desired. 

SODIUM  PHOSPHATE  (B.P.  and  U.S.P.),  or,  more  strictly  speaking, 
hydrogen  disodium  phosphate,  is  a  normal  constituent  of  the  blood.  It 
is  freely  soluble  in  water,  and  is  given  in  single  doses  of  from  2  to  4 
drms.,  or  in  repeated  doses  of  30  to  120  grs.  The  British  Pharmacopoeia 
also  includes  an  effervescing  sodium  phosphate,  which  is  given  in  similar 
doses.  Both  are  saline  purgatives  acting  like  the  sulphate.  The  effer- 
vescing salt  is  pleasant  and  suitable  for  children. 

Haig  has  found  that  this  drug  causes  an  increased  excretion  of  uric 
acid,  and  that  this  effect  is  most  marked  when  the  drug  is  given  with  an 
alkali. 

SODA  TARTARATA  (B.P.),  or  Eochelle  salt,  is  really  a  double  tartarate 
of  sodium  and  potassium,  and  is  called  Potassii  et  Sodii  Tartras  in 
the  U.S.P.  It  crystallises  in  trimetric  prisms,  and  has  a  taste  like 
that  of  common  salt.  It  is  employed  as  a  diuretic  in  doses  of  30  to  60 
grs.,  as  a  purgative  in  larger  doses  of  from  2  to  4  drms.  This  salt  is  the 
active  ingredient  of  Pulvis  Sodae  Tartaratse  Effervescens,  the  familiar 
seidlitz  powders. 

SODII  CITRO-TARTARAS  EFFERVESCENS  (B.P.)  is  another  preparation 
employed  for  similar  purposes.  It  is  given  in  doses  of  60  to  120  grs. 
in  water. 

SODIUM  CHLORIDE  (B.P.  and  U.S.P.). — The  physical  characters  of  this 
are  too  well  known  to  need  description. 

Pharmacology. — Sodium  chloride  is  the  chief  mineral  constituent 
of  the  blood  plasma,  and  as  such  is  an  essential  constituent  of  the  animal 
body.  It  is  therefore  essential  that,  in  order  to  maintain  the  necessary 
supply,  this  substance  should  be  introduced  either  in  the  food  itself  or  as 
an  addition  to  the  food  in  the  form  of  table  salt,  which  is  in  daily  use 
among  all  races  which  subsist  upon  a  mixed  animal  and  vegetable  diet. 
When  salt  is  withheld,  or  when  influences  are  at  work  which  tend  to 
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reduce  the  amount  of  sodium  chloride  in  the  blood,  a  strong  craving  for 
it  is  induced.  If  the  craving  be  not  gratified,  more  or  less  definite  morbid 
results  follow,  such  as  anaemia,  debility,  and  even  oedema. 

Bunge  devotes  one  of  the  most  interesting  of  his  lectures  on  physio- 
logical chemistry  to  this  subject,  and  shows  that  the  craving  for  salt  is 
only  acutely  felt  by  animals  which  subsist  wholly  or  largely  upon  a 
vegetable  diet.  Seeing  that  vegetivorous  animals  do  not  take  less  sodium 
chloride  in  their  food,  in  proportion  to  weight,  than  the  carnivora,  their 
craving  cannot  be  attributed  to  mere  scantiness  of  the  supply,  but  rather 
to  an  increased  demand.  This  increased  demand  Bunge  attributes  to  a 
greater  intake  of  the  salts  of  potassium,  which,  when  they  come  in  contact 
with  the  sodium  chloride  in  the  blood,  undergo  a  double  decomposition 
with  it,  and  as  the  result  potassium  chloride  is  formed,  and  the  sodium 
salt  of  the  acid  with  which  the  potassium  was  originally  combined.  These 
newly -formed  salts,  being  both  foreign  substances  to  the  blood,  are  excreted 
by  the  kidneys,  with  the  result  that  the  blood  becomes  poorer  both  in  sodium 
and  in  chlorine.  In  support  of  this  view,  Bunge  brings  forward  experi- 
mental evidence  which  shows  that  the  administration  of  potassium  salts 
by  the  mouth  is  followed  by  increased  excretion  both  of  sodium  compounds 
and  of  chlorine  in  the  urine.  As  the  result  of  this  loss  there  is  a  call  for 
the  introduction  of  fresh  sodium  chloride  to  restore  the  balance.  How 
strong  this  craving  becomes  in  vegetivorous  animals  is  familiar  to  all,  and 
Bunge  shows  that  human  beings  develop  a  similar  craving,  and  that  "  at 
all  times  and  in  all  countries  those  people  who  live  upon  a  purely  animal 
diet  know  nothing  of  salt,  or  if  they  know  of  it  avoid  it,  whereas  those 
people  who  subsist  chiefly  upon  a  vegetable  diet  have  an  irresistible 
longing  for  salt,  and  regard  it  as  a  necessary  of  life."  So  strong  is  this 
need,  that  many  savage  wars  are  waged  for  the  possession  of  salt  supplies, 
and  the  importance  which  is  attached  to  it  is  shown  in  such  ceremonies 
as  the  presentation  of  bread  and  salt  as  an  act  of  homage. 

Therapeutics. — As  a  medicinal  agent,  as  distinguished  from  an 
article  of  diet,  sodium  chloride  is  but  little  employed  internally,  but  large 
doses  or  concentrated  solutions  are  occasionally  given  to  produce  vomit- 
ing, and  also  exert  a  purgative  action. 

Solutions  of  common  salt,  containing  about  2  drms.  of  sodium  chloride 
to  the  ounce,  are  not  infrequently  employed  in  the  form  of  enemata  for 
the  treatment  of  thread  worms.  The  rectum  should  first  be  washed  out 
by  a  water  injection,  and  the  salt  solution  should  be  retained  for  about 
ten  minutes. 

Mention  must  also  be  made  of  the  intravenous  injection  of  normal 
saline  solution  as  a  substitute  for  transfusion  of  blood  after  severe  haemor- 
rhage, or  in  cases  of  diabetic  coma,  or  collapse  following  choleraic  diarrhoea. 
In  diabetic  coma  a  temporary  improvement  may  follow  the  injection,  but 
the  treatment  is  not  attended  with  any  permanently  beneficial  results. 
The  normal  solution  is  prepared  by  dissolving  60  grs.  of  sodium  chloride 
in  a  pint  of  boiling  water,  and  allowing  the  solution  to  cool  to  100°  F. 

An  important  therapeutic  use  of  sodium  chloride  is  in  the  form  of 
baths.  To  the  abundant  presence  of  this  substance  in  sea  water,  and  the 
mild  stimulating  effects  which  it  produces,  the  beneficial  results  of  sea- 
bathing are  largely  due.  Many  mineral  waters  also  are  rich  in  sodium 
chloride,  which  is  in  some  instances  associated  with  the  alkaline  sodium 
bicarbonate,  as  at  Ems  and  Royat.  Wiesbaden,  Horn  burg,  Woodhall  Spa, 
are  among  the  places  which  possess  springs  rich  in  sodium  chloride.  Still 


AMMONIUM  SALTS.  343 

more  concentrated  solutions,  veritable  brines,  are  employed  for  hot  baths 
at  a  number  of  places,  such  as  Droitwich  and  Nantwich  in  this  country, 
and  Nauheim  in  Germany.  Such  brine  baths  are  of  great  value  as  thera- 
peutic agents  in  suitable  cases,  and  perhaps  their  beneficial  effects  are 
most  manifest  in  cases  of  chronic  muscular  rheumatism,  lumbago,  and 
sciatica,  and  in  the  removal  of  articular  pains  and  stiffness  persisting  after 
attacks  of  acute  or  subacute  rheumatism.  They  also  constitute  an  im- 
portant factor  in  the  Nauheim  treatment  which  has  of  late  been  so 
strongly  advocated  for  the  treatment  of  dilated  heart  and  some  other 
forms  of  cardiac  disorder  (see  later  article  on  this  subject). 

SODIUM  ETHYLATE  (B.P.)  is  only  used  as  a  mild  caustic.  It  is  a  clear  fluid 
of  a  syrupy  consistence,  which  is  apt  to  acquire  a  brown  colour  when  long 
kept.  It  is  of  service  for  the  removal  of  small  growths  such  as  moles  and 
warts,  and  is  also  employed  in  the  treatment  of  lupus.  It  may  be  applied 
with  a  pointed  glass  rod  to  the  part  which  it  is  desired  to  destroy. 

For  sodium  sulphite,  see  p.  493 ;  for  sodium  bromide,  see  p.  299 ;  for 
sodium  iodide,  see  p.  449  ;  for  sodium  hypophosphite,  see  p.  426 ;  for 
sodium  arseniate,  see  p.  379 ;  for  sodium  sulphocarbolate,  see  p.  465 ;  for 
chlorinated  soda,  see  p.  467 ;  for  sodium  nitrite,  see  p.  216 ;  for  sodium 
benzoate,  see  p.  648 ;  for  sodium  salicylate,  see  p.  626 ;  and  for  sodium 
biborate,  see  p.  473. 

AMMONIUM  SALTS. 

Pharmacology. — Although  in  its  chemical  behaviour  the  compound 
monatonic  radical  ammonium  bears  so  remarkable  a  resemblance  to  the 
metals  of  the  alkali  group,  the  salts  of  ammonium  differ  widely  in  their 
physiological  and  therapeutic  actions  from  those  of  potassium,  sodium,  and 
their  allies.  It  is  true  that  they  possess  similar  antacid  properties,  but 
they  are  also  characterised  by  their  marked  stimulant  effects,  which 
stand  in  conspicuous  contrast  to  the  depressant  action  of  the  majority 
of  those  of  the  alkali  metals.  In  this  respect  ammonia  and  its  various 
compounds  resemble  each  other,  although  their  effects  differ  in  degree. 
These  effects  have  long  been  recognised,  and  the  action  of  ammonium 
carbonate  has  been  specially  studied  by  a  series  of  observers  with  a  view 
to  testing  the  theory  propounded  by  Frerichs,  that  the  phenomena  of 
uraemia  have  their  origin  in  the  conversion  of  urea  into  ammonium  car- 
bonate within  the  body,  and  are  indeed  due  to  auto-intoxication  by  this 
salt. 

Among  the  most  conspicuous  effects  of  the  injection  of  ammonia  or  its 
salts  into  the  circulation  of  animals  is  the  production  of  tetanic  convul- 
sions, which  Binz  describes  as  differing  from  those  due  to  strychnine  in  the 
following  respects,  namely,  that  the  cerebral  cortex  is  affected,  seeing  that 
all  the  motor  cerebral  nerves  are  implicated ;  that  the  convulsions  are  not 
so  markedly  reflex  in  character,  and  occur  without  the  intervention  of 
any  external  stimulus.  That  the  convulsions  are  of  central  and  not  of 
peripheral  origin,  follows  from  the  observation  of  Funke  and  Deahna, 
that  when  the  iliac  artery  is  tied,  the  limb  which  is  supplied  continues 
to  share  in  the  convulsions,  whereas  when  the  nerve  supply  of  the 
limb  is  cut,  this  is  no  longer  the  case.  Funke  and  Deahna  further  ob- 
served that  the  poison  increases  the  reflex  irritability  of  the  spinal  cord. 
Bohm  and  Lange  regarded  the  convulsions  as  purely  spinal,  as  they 
found  that  they  occur  even  after  division  of  the  cervical  cord  ;  but  Funke 
and  Deahna  attribute  to  them  a  cerebral  origin  also,  for  in  the  convulsions 
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which  occur  after  division  of  the  cervical  cord  the  limbs  assume  a  different 
attitude.  Of  much  greater  interest,  from  a  therapeutical  standpoint,  is 
the  action  of  ammonia  and  its  salts  upon  the  heart  and  respiration. 

Bohm  and  Lange  found  that  the  injection  of  a  solution  of  an  ammonium 
salt  into  a  vein  was  followed  by  an  almost  immediate  fall  of  blood  pressure, 
quickly  followed  by  a  conspicuous  rise.  The  effect  was  the  same  in 
animals  under  curare.  The  rise  of  blood  pressure  was  associated  with  a 
marked  quickening  of  the  heart's  beat.  They  conclude  that  the  increase 
of  blood-pressure  is  not  due  to  an  effect  upon  the  vasomotor  centre  in  the 
medulla,  because  it  occurs  after  division  of  the  spinal  cord,  and  that  it  is 
independent  of  the  convulsions  is  shown  by  its  occurrence  under  curare ; 
but  they  leave  the  question  open  how  far  it  is  dependent  upon  increased 
force  of  the  heart-beat  on  the  one  hand,  or  upon  raised  arterial  tone  on 
the  other.  After  division  of  the  cervical  cord,  the  increased  blood  pressure 
was  no  longer  accompanied  by  quickening  of  the  pulse,  whence  they  con- 
clude that  the  spinal  accelerator  nerves  play  a  part  in  the  production  of 
the  latter  phenomenon.  Binz  also  observed  a  rise  of  blood  pressure  with- 
out any  convulsions  after  the  intravenous  injection  of  suitable  amounts  of 
ammonium  chloride. 

Another  conspicuous  effect  of  ammonia  and  its  salts  is  upon  the 
respiration,  which  is  markedly  accelerated,  apparently  by  a  direct 
action  upon  the  respiratory  centre.  Funke  and  Deahna  observed  a 
momentary  inhibition  followed  by  quickening,  whereas  large  doses 
ultimately  paralyse  respiration.  Division  of  the  vagi  does  not  prevent 
the  acceleration. 

Ammonia  and  the  salts  which  it  forms  with  organic  acids  also  differ 
from  the  organic  salts  of  the  fixed  alkalies  in  this  remarkable  respect,  that 
they  do  not  render  the  urine  alkaline  after  their  administration,  nor  is  the 
amount  of  ammonia  in  the  urine  excreted  increased.  It  appears,  indeed,  to 
be  an  established  fact  that  ammonium  carbonate  becomes  converted  into 
urea,  probably  in  the  liver,  and  thus  passes  into  the  urine  as  a  neutral 
derivative. 

AMMONIUM  HYDRATE,  a  watery  solution  of  ammonia  gas,  is  official  in  the 
British  Pharmacopoeia  in  two  strengths,  the  solutions  being  respectively 
designated  Liquor  Ammonite  and  Liquor  Ammonise  Fortis. 

The  Liquor  Ammonite  Fortis  (B.P.)  is  a  32*5  per  cent,  solution,  has  a 
specific  gravity  of  O891,  possesses  a  strongly  alkaline  reaction,  and  emits 
an  extremely  pungent  odour.  It  is  used  in  the  preparation  of  Linimen- 
tum  Camphoris  Ammoniatum  (B.P.),  or  compound  camphor  liniment, 
Linimentum  Hydrargyri  (B.P.),  Spiritus  Ammonite  Aromaticus  (B.P.), 
Spiritus  Ammonite  Fetidus  (B.P.),  and  Tinctura  Guaiaci  Ammoniata 
(B.P.). 

Liquor  Ammonite  (B.P.)  is  a  10  per  cent,  solution,  and  has  a  specific 
gravity  of  0'950.  The  dose  for  internal  administration  is  10  to  20  minims, 
freely  diluted.  It  is  employed  in  the  preparation  of  Linimentum  Ammonias 
(B.P.),  in  which  it  forms  an  ammoniacal  soap,  Tinctura  Ergotte  Ammoniata 
(B.P.),  Tinctura  Opii  Ammoniata  (B.P.),  Tinctura  Quininte  Ammoniata 
(B.P.),  and  Tinctura  Valerianae  Ammoniata  (B.P.). 

The  United  States  Pharmacopoeia  has  two  solutions,  namely,  Aqua 
Ammonite  (U.S.P.),  used  to  make  Linimentum  Ammonite  (U.S.P.) ;  and 
Spiritus  Ammonias  Aromaticus  (U.S.P.),  and  Aqua  Ammonite  Fortior 
(U.S.P.),  used  to  make  Spiritus  Ammonite  (U.S.P.). 
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The  local  action  of  this  volatile  alkali  upon  the  skin  is  very  different 
from  that  of  the  hydrates  of  the  fixed  alkalies,  producing  no  such  destruction 
of  tissue  as  these  compound's  cause,  unless  the  application  be  unduly  pro- 
longed, when  sloughing  may  result.  A  burning  sensation  is  experienced 
in  the  area  of  the  application,  and  the  skin  is  reddened.  If  the  evaporation 
of  ammonia  is  prevented,  as  by  covering  the  place  with  a  watch-glass,  a 
blister  is  quickly  formed. 

Ammonia  gas  acts  as  a  powerful  irritant  to  the  respiratory  passages,  and 
excites  sneezing  and  running  at  the  eyes  and  nose ;  and  if  the  application 
be  prolonged,  serious  and  even  fatal  effects  may  result,  such  as  bronchitis, 
pneumonia,  spasm  and  even  oedema  of  the  larynx,  and  death  by  suffoca- 
tion. 

In  small  quantities  ammonia  gas  acts  as  a  valuable  cardiac  stimulant. 
When  taken  in  small  doses  and  well  diluted,  liquor  ammonite  or  the 
carbonate  stimulate  the  secretion  of  gastric  juice  in  the  same  way  as  the 
fixed  alkalies.  In  excessive  doses,  solution  of  ammonia  acts  as  an  irritant 
poison,  the  mucous  membrane  of  the  mouth,  pharynx,  and  respiratory 
passages  becomes  intensely  congested,  and  may  be  covered  with  a  false 
membrane ;  ecchynioses  are  also  seen  in  the  respiratory  passages.  On 
the  alimentary  canal  a  similar  action  is  exerted ;  vomiting  and  abdominal 
pain,  followed  by  diarrhoea  with  blood-stained  motions,  are  observed.  All 
the  glands  are  stimulated  to  excessive  action.  Hsematuria  is  sometimes 
observed. 

Liquor  ammonite  is  chiefly  employed  in  medicine  as  an  external  applica- 
tion, and  especially  in  the  form  of  liniments  as  a  counter-irritant,  especially 
in  cases  of  bronchitis.  In  a  dilute  form  it  is  a  useful  application  to  the 
bites  or  stings  of  insects,  relieving  the  pain  and  irritation  to  which  they 
give  rise.  Ammonia  in  solution  has  likewise  been  injected  as  an  antidote 
in  cases  of  snake-bite,  but  the  evidence  which  is  forthcoming  appears  to 
prove  conclusively  that  it  has  no  true  antidotal  action  in  these  cases. 

AMMONIUM  CARBONATE  (B.P.  and  U.S.P.). — There  is  some  difference  of 
opinion  concerning  the  chemical  composition  of  the  substance  known  in 
commerce  as  ammonium  carbonate.  As  a  matter  of  fact  its  composition 
varies,  owing  to  its  tendency  to  give  up  ammonia  to  the  air.  It  occurs  in 
hard  crystalline  masses,  which  smell  of  ammonia  and  effloresce  on  exposure 
to  air.  Binz  states  that  it  becomes  finally  converted  into  an  acid  salt,  with 
the  formula  NH4O.OH(C02).j,  whilst  the  efflorescent  powder  which  forms 
upon  its  surface  consists  of  the  bicarbonate  (NH4)H.C03.  In  concentrated 
solution,  ammonium  carbonate  acts  as  an  irritant  to  the  mucous  mem- 
branes, and  in  large  doses  it  possesses  emetic  properties. 

It  is  administered  to  adults  in  doses  of  from  3  to  10  grs.,  and  is  often 
given  in  the  form  of  Spiritus  Ammonias  Aromaticus  (B.P.  and  U.S.P.), 
familiarly  known  as  sal  volatile,  in  which  it  is  mixed  with  alcohol,  oil  of 
lemon,  and  oil  of  nutmeg.  The  dose  of  sal  volatile  is  20  to  40  minims,  or 
a  single  large  dose  of  60  to  90  minims  may  be  given. 

Spiritus  ammonia?  aromaticus  is  chiefly  used  as  a  cardiac  or  gastric 
stimulant,  and  is  much  employed  in  cases  of  syncope.  Ammonium 
carbonate  is  a  very  valuable  drug  in  cases  of  bronchitis,  in  which  disease 
it  proves  of  service  not  only  by  acting  as  an  expectorant,  but  also  in 
virtue  of  its  stimulating  action  upon  the  respiratory  centre.  A  single 
grain  of  the  carbonate  with  a  few  minims  of  ipecacuanha  wine  is  often  of 
service  in  the  treatment  of  bronchitis  in  young  children. 
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AMMONIUM  CHLORIDE  (B.P.  and  U.S.P.),  or  sal  ammoniac. — This  drug 
is  largely  employed  as  a  local  application  to  the  respiratory  passages,  and 
proves  of  service  in  stimulating  the  secretion  of  the  mucous  surfaces.  It 
thus  acts  as  a  stimulant  expectorant,  and  renders  the  mucous  secretion 
less  tenacious.  When  this  action  of  the  salt  is  desired,  it  is  usually  given 
as  an  inhalation;  and  various  forms  of  inhaler  are  in  use,  in  which  air 
is  led  over  ammonia  solution  and  hydrochloric  acid,  hy  the  combination  of 
which  a  cloud  of  the  finely-divided  chloride  is  produced,  which  is  purified 
by  passage  through  water.  Ammonium  chloride  is  also  administered  in 
solution  in  doses  of  from  5  to  20  grs.  The  chief  objection  to  its  internal 
use  is  its  disagreeable  saline  taste,  which  is  best  concealed  by  the  addition 
of  Extraction  Glycyrrhiza?  Liquidum  (B.P.),  Fluidum  (U.S.P.).  It  appears 
to  be  a  drug  of  considerable  value  in  some  cases  of  neuralgia,  and  some- 
times acts  well  when  other  remedies  fail.  It  is  not  possible,  however, 
to  define  the  particular  class  of  cases  in  which  it  is  likely  to  prove 
of  service. 

In  this  connection  it  is  interesting  to  note  that  ammonium  chloride 
had  at  one  time  some  reputation  in  the  treatment  of  intermittent  fevers. 
Although  possessed  of  feeble  diaphoretic  and  diuretic  properties,  this 
drug  is  little  used  on  these  accounts,  ammonium  acetate  and  citrate  being 
much  more  effectual  and  much  pleasanter  to  take.  It  is  also  recommended 
as  an  hepatic  stimulant  and  cholagogue.  Wood  mentions  the  occurrence 
of  profound  prostration  and  a  typhoid  condition,  not  otherwise  explained,  in 
a  patient  who  was  taking  nearly  half  an  ounce  of  ammonium  chloride  daily, 
and  quotes  a  case  recorded  by  Isham  in  which  an  erruption  of  hifinorrhagic 
blebs,  hjematuria,  and  mucous  hemorrhages  apparently  resulted  from  its 
prolonged  administration. 

AMMONIUM  ACETATE  is  employed  in  medicine  in  the  form  of  Liquor 
Ammonii  Acetatis  (B.P.  and  U.S.P.),  or  Mindererus  spirit,  which  is  given 
in  doses  of  from  2  to  6  fluid  drms.  It  is  a  useful  diaphoretic  and  diuretic, 
which  may  be  safely  employed  in  cases  of  renal  disease,  and  which  also 
proves  of  service  in  febrile  conditions. 

AMMONIUM  CITRATE,  in  the  form  of  Liquor  Ammonii  Citratis  (B.P.),  is 
given  in  the  same  doses  as  the  acetate,  and  for  the  same  conditions. 

AMMONIUM  PHOSPHATE  (B.P.)  has  a  considerable  solvent  action  upon  uric 
acid,  and  on  this  account  is  sometimes  employed,  in  doses  of  5  to  20  grs., 
in  the  treatment  of  gout,  and  with  a  view  to  checking  the  formation  of 
uric  acid  calculi.  In  such  cases,  however,  the  salts  of  the  alkali  metals  are 
more  commonly  prescribed. 

For  Ammonium  Benzoate  see  p.  648,  and  for  Ammonium  Bromide  see 
p.  299. 

LITHIUM  SALTS. 

The  salts  of  lithium  which  are  chiefly  employed  in  medicine  are  the 
carbonate,  the  citrate  and  the  effervescing  citrate,  all  of  which  are  included 
in  the  British  and  United  States  Pharmacopoeias,  and  the  ben zoate,  bromide, 
and  salicylate,  which  are  official  only  in  that  of  the  United  States. 

The  carbonate  is  much  less  soluble  in  water  than  carbonates  of  the 
other  alkali  metals,  and  in  this  respect  it  more  closely  resembles  the 
carbonates  of  the  metals  of  the  alkaline  earth.  It  is  given  in  doses  of 
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2  to  5  grs.  The  citrate  has  the  advantage  of  being  more  freely  soluble 
than  the  carbonate,  of  having  a  less  unpleasant  taste,  and  being  less 
liable  to  upset  the  stomach.  Its  action  is  similar  to  that  of  the  carbonate, 
into  which  it  becomes  converted  when  taken.  The  dose  is  5  to  10  grs. 
That  of  the  effervescing  citrate  is  60  to  120  grs.,  while  that  of  the 
bromide,  benzoate,  and  salicylate  is  15  to  30  or  40  grs. 

Pharmacology. — Bruntouand  Cash  found  the  action  of  the  lithium 
salts  to  be  similar  to,  but  more  energetic  than,  that  of  the  salts  of  potassium. 
They  diminish  both  the  excitability  of  muscle  and  its  capacity  for  work. 
Binet  found  that  lithium  salts,  when  administered  to  animals,  even  sub- 
cutaneously,  tended  to  cause  gastric  disturbance.  When  administered  to 
dogs  by  the  mouth,  they  produced  severe  gastro-intestinal  irritation,  with 
diminished  secretion  of  bile. 

In  mammals,  after  subcutaneous  or  intraperitoneal  injection  of  lithium 
chloride,  feebleness,  panting,  nausea,  diarrhrea,  and  diuresis  result,  and 
death  is  preceded  by  increasing  dyspnoea,  and  often  convulsions.  The 
frog's  heart  is  stopped  in  diastole.  Binet  attributes  the  asphyxia  in  part 
to  paralysis  of  the  respiratory  centre,  and  in  part  to  cardiac  paralysis, 
and  in  warm-blooded  animals  death  resulted  from  arrest  of  respiration. 
In  frogs,  paralysis  of  the  central  nervous  system  and  of  the  peripheral 
nerves  was  observed  prior  to  complete  arrest  of  the  heart. 

Therapeutical  doses  seldom  cause  any  definite  symptoms  in  man,  but 
Wood  has  observed  excessive  malaise  and  marked  muscular  weakness  in  a 
feeble  woman  after  repeated  20  gr.  doses  of  the  carbonate.  Large  doses 
may  also  give  rise  to  dyspepsia,  and  some  muscular  twitching  has  occasion- 
ally been  observed. 

Therapeutics. — The  use  of  lithium  salts  in  medicine  is  due  to  the 
fact  that  this  metal  forms  a  biurate  which  is  much  more  soluble  than  the 
corresponding  salts  of  the  other  alkali  metals.  Hence  it  meets  with  its 
chief  employment  in  cases  of  gout  and  uric  acid  gravel.  The  injection 
of  a  solution  of  the  carbonate  into  the  bladder  was  suggested  by  Ure  in 
1843,  but  the  lithium  salts  were  first  practically  used  by  Sir  Alfred 
Garrod,  who  found  that,  owing  to  the  low  equivalent  of  the  metal,  they 
exerted  a  powerful  alkalising  action,  quickly  rendering  the  urine  alkaline 
even  when  given  in  small  doses.  They  also  possess  well-marked  diuretic 
properties.  Garrod  attributes  to  the  salts  of  lithium  a  considerable  power 
of  warding  off  the  recurrence  of  gouty  attacks,  and  in  preventing  the 
deposition  of  free  uric  acid  from  the  urine. 

It  has  been  objected,  however,  that  when  administered  in  the  ordinary 
medicinal  doses,  and  especially  in  the  minute  quantities  which  are  present 
in  various  mineral  waters,  the  salts  of  lithium  can  hardly  be  present  in 
the  blood  in  sufficient  amount  to  exercise  any  material  influence  upon  the 
urate  in  circulation  or  upon  uratic  deposits.  As  Bunge  points  out,  seeing 
that  in  a  mixture  of  acids  and  bases  each  acid  will  be  distributed  among 
the  bases  present  in  proportion  to  their  mass,  the  amount  of  uric  acid 
which  will  fall  to  the  share  of  the  lithium  introduced  must  be  extremely 
minute,  the  great  bulk  of  the  acid  combining  with  the  far  more  abundant 
sodium,  with  which,  moreover,  it  forms  a  far  less  soluble  compound,  which 
tends  to  be  precipitated.  On  the  other  hand,  the  greater  part  of  the 
lithium  taken  will  be  excreted  in  the  urine  in  the  form  of  chloride, 
sulphate,  and  phosphate. 

Haig  found  that,  unlike  the  other  alkaline  salts,  those  of  lithium 
diminished  the  excretion  of  uric  acid  in  the  urine ;  this  he  attributes  to 
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the  formation  of  a  nearly  insoluble  triple  phosphate  of  the  metal,  the 
formation  of  which  takes  place  at  the  expense  of  sodium  phosphate,  which 
salt  he  has  found  to  act  in  the  presence  of  an  alkali  as  a  good  solvent  of 
uric  acid,  promoting  its  excretion. 

Garrod  found  that  a  gouty  cartilage  immersed  in  a  solution  of  lithium 
carbonate  quickly  lost  its  infiltrated  sodium  biurate  and  resumed  its 
natural  appearance  ;  but  Luff,  who  repeated  the  experiment,  using  in  place 
of  a  watery  solution  of  lithium  carbonate  an  artificial  serum  contain- 
ing that  salt,  found  that  under  such  conditions  the  removal  of  the 
infiltrated  urate  was  no  quicker  than  in  a  similar  serum  containing 
sodium  or  potassium  carbonate.  Hence  he  concludes,  as  Sir  W.  Eoberts 
had  previously  done,  that  in  the  body  fluids  the  amount  of  lithium  intro- 
duced by  ordinary  dosage  can  exercise  no  solvent  influence  upon  gouty 
deposits.  Nevertheless,  in  spite  of  these  objections,  the  validity  of  which 
it  is  not  easy  to  contest,  there  is  a  considerable  mass  of  clinical  evidence 
of  the  beneficial  action  of  lithium  salts  in  gouty  cases,  and  where  there  is 
a  tendency  to  uric  acid  sand  and  gravel. 

In  addition  to  their  internal  use,  the  salts  of  lithium  have  also  been 
employed  as  external  applications  to  gouty  deposits  and  ulcers ;  for  this 
purpose  5  grs.  of  lithium  carbonate  may  be  dissolved  in  1  oz.  of  rose-water. 
However,  it  is  uncertain  how  far  any  absorption  takes  place  through  the 
unbroken  skin.  Hiifner,  who  carried  out  some  experiments  upon  this 
point,  in  which  he  made  use  of  the  spectroscope  as  a  ready  means  of 
detecting  traces  of  lithium  in  the  urine,  obtained  no  evidence  of  the 
absorption  of  so  much  as  50  mgrms.  through  a  surface  of  1500  square 
c.mm.  of  sound  skin,  immersed  for  half  an  hour  in  a  1  per  cent,  solution 
of  lithium  chloride  at  a  temperature  of  30°  C.  Edison,  and  afterwards 
Labatut,  found  that,  aided  by  an  electric  current,  the  metal  could  be  so 
introduced  through  the  skin  of  the  hand  immersed  in  a  solution  of 
lithium  chloride,  and  its  presence  in  the  residue  after  evaporation  of 
the  urine  could  be  recognised  by  means  of  the  spectroscope.  Garrod 
found  that  the  local  application  of  a  solution  of  the  carbonate  appeared 
to  reduce  the  bulk  of  uratic  deposits  not  only  when  they  were  exposed 
by  ulceration  of  the  superficial  tissues,  but  also  when  the  skin  over  them 
remained  unbroken. 

EUBIDIUM   AND   CAESIUM. 

These  remaining  metals  of  the  alkali  group  were  both  discovered  by 
Bunsen  by  means  of  spectrum  analysis;  they  are  widely  distributed  in 
minute  quantities,  usually  in  association  with  other  alkalies.  They  are 
also  present  in  certain  mineral  waters.  Their  physiological  action  has 
been  studied  by  a  number  of  observers,  including  Kinger,  Harnack  and 
Dietrich,  Brunton,  and  Cash.  Einger,  experimenting  with  solutions  of 
their  salts  upon  the  isolated  frog's  heart,  found  that  the  salts  of  rubidium 
resemble  those  of  potassium  in  their  action,  prolonging  the  latent  period, 
diminishing  the  frequency  of  the  contractions,  and  finally  causing  arrest 
in  diastole.  He  observed  a  conspicuous  difference  in  the  action  of  the 
cresium  salts,  which  appeared  to  resemble  those  of  barium  in  their  action 
upon  the  ventricles.  Harnack  and  Dietrich  found  the  action  of  both 
metals  upon  the  heart  and  striped  muscles  of  the  frog  to  resemble  that  of 
potassium.  The  action  of  caesium  was  less  energetic  than  that  of  rubidium, 
a  difference  which  they  were  inclined  to  attribute  to  the  greater  diffusi- 
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bility  of  the  salts  of  the  latter  metal.     Botkin  also  found  the  cresium  salts 
to  be  less  active  than  those  of  rubidium  in  stopping  the  frog's  heart. 

Neither  metal  has  as  yet  met  with  any  extensive  use  in  medicine. 
Some  salts  of  rubidium  have  occasionally  been  employed  as  drugs ;  but 
these  are  the  bromide  and  iodide,  in  the  action  of  which  the  halogen  con- 
stituents play  the  chief  part.  Ctesium  bromide  has  also  been  recommended 
for  the  treatment  of  epilepsy. 
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THE  METALS   OF  THE  ALKALINE  EARTHS. 

CALCIUM,  STRONTIUM,  AND  BARIUM. 

THESE  three  metals,  which  are  known  as  the  metals  of  the  alkaline  earths, 
bear  a  close  relation  to  each  other,  which  is  evidenced  alike  by  their 
chemical  properties  and  by  the  positions  which  they  occupy  in  the  periodic 
scheme.  Their  respective  atomic  weights  are — Ca.,  40,  Sr.,  87'6,  Ba.,  137. 

They  agree  in  forming  oxides  which  combine  with  water  with  great 
energy,  and  the  hydrates  formed  have  the  property  of  combining  with 
chlorine  to  form  compounds  possessed  of  bleaching  powers,  such  as  the 
familiar  chloride  of  lime.  Again,  the  sulphates,  phosphates,  and  oxalates 
are  distinguished  by  their  insolubility  in  water. 

MAGNESIUM,  which  is  also  a  dyad  metal,  was  formerly  included  in  the 
same  group,  but  it  differs  from  the  above  metals  in  certain  important  re- 
spects, and  especially  in  forming  a  freely  soluble  sulphate.  It  finds  its  true 
chemical  allies  in  the  metals  of  the  zinc  group,  but  as  a  matter  of  con- 
venience it  will  be  described  at  the  end  of  this  article. 

CALCIUM  SALTS. 

Pharmacology. — The  metal  calcium,  unlike  the  other  members  of 
the  group  to  which  it  belongs,  is  a  very  important  constituent  of  the 
animal  body,  and  indeed  it  is  to  the  large  proportion  of  calcium  phosphate 
which  it  contains  that  the  bony  skeleton  owes  its  most  essential  property 
of  rigidity.  As  might  be  expected,  provision  is  made  for  the  renewal  of 
the  supply,  and  calcium  is  present  both  in  animal  and  vegetable  foods. 

Vegetable  foods  are  much  richer  in  calcium  than  foods  of  animal  origin  ; 
but  in  the  case  of  the  true  carnivora  an  increased  supply  of  calcium  is 
obtained  by  the  consumption  of  the  bones  as  well  as  the  flesh  of  their 
prey.  Milk  is  specially  rich  in  calcium  in  a  readily  assimilable  form,  and, 
as  Bunge  shows,  the  only  food-stuff  richer  than  milk  in  this  respect  is  yolk 
of  egg.  Thus  the  young  animal  is  freely  supplied  with  calcium  at  a  period 
when  it  is  most  required  for  the  formation  of  bony  tissue. 

Some  parts  of  the  calcium  introduced  in  food  is  in  the  form  of  organic 
compounds,  the  remainder  as  inorganic  salts ;  but  it  appears  to  be  clearly 
established  that  not  only  organic  but  also  inorganic  compounds  of  calcium 
are  capable  of  absorption  from  the  alimentary  canal.  Of  the  amount  so 
absorbed  only  a  small  portion  is  excreted  in  the  urine ;  and  Perl  found 
that  when  calcium  chloride  was  administered  the  chlorine  taken  appeared 
in  the  urine,  whereas  the  lime  for  the  most  part  appeared  in  the  faeces. 
Indeed,  the  bulk  of  the  lime  absorbed  appears  to  be  re-excreted  into  the 
intestine,  and  this  renders  difficult  the  estimation  of  the  amount  of 
absorption  that  takes  place,  since  the  faeces  will  also  contain  any  of  the 
lime  salts  administered  which  have  altogether  escaped  absorption. 
Raudnitz's  experiments  led  him  to  the  conclusion  that  the  absorption 
of  calcium  salts  in  solution  takes  place  chiefly  in  the  intestine,  and 
especially  in  the  first  part  of  the  duodenum.  He  found  that  calcium 
carbonate  is  absorbed  in  the  same  region,  after  having  been  for  the  most 
part  converted  into  chloride  in  the  stomach ;  but  he  was  unable  to  make 
out  any  similar  dependence  of  the  absorption  of  neutral  calcium  phosphate 
upon  the  action  of  the  gastric  juice. 

There  is  evidence  that  when  a  due  supply  of  calcium  compounds  is 
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withheld,  the  output  of  calcium  exceeds  the  intake ;  in  other  words,  that 
the  amount  in  the  tissues  is  diminished.  Thus  E.  Voit  found  that  puppies 
fed  upon  a  diet  from  which  calcium  had  been  removed,  quickly  developed 
rickets.  Koloft'  observed  brittleness  of  the  bones  in  cattle  fed  upon  hay 
unduly  deficient  in  lime  salts ;  and  other  observations  of  a  similar  character 
might  be  quoted.  Hence  it  was  natural  to  suppose  that  the  administration 
of  calcium  salts  would  prove  of  service  in  the  treatment  of  rickets,  in  which 
disease  disturbed  ossification  and  a  deficient  deposition  of  calcium  phos- 
phate in  the  bones  is  so  conspicuous  a  feature. 

From  the  point  of  view  of  toxicity,  Binet  ranks  calcium  far  below 
barium,  but  rather  above  strontium.  He  found  that  the  special  peculiar- 
ity of  this  metal  lay  in  its  action  upon  the  central  nervous  system,  a 
condition  of  torpor  being  produced,  with  preservation  of  reflex  excitability 
and  sensation.  Like  the  other  metals  of  the  alkaline  earths,  it  finally 
arrests  the  heart  in  diastole. 

Therapeutics. — Clinical  experience  has  not  borne  out  the  expecta- 
tion that  calcium  salts  would  benefit  rickets ;  and  although  rickets  may 
doubtless  develop  when  the  diet  of  an  infant  is  deficient  in  calcium  salts, 
it  is  also  seen  in  children  whose  diet  shows  no  such  deficiency.  It  is  true 
that  in  some  instances  intestinal  disorders  and  excessive  peristalsis  may 
prevent  the  absorption  of  a  due  amount  of  calcium  from  the  food,  but  to 
other  cases  such  an  explanation  does  not  apply,  and  we  are  driven  to  con- 
clude that  in  the  causation  of  rickets  other  factors  are  at  work  besides  an 
insufficient  supply  of  calcium  compounds,  and  that  in  this  disease  there  is, 
on  the  part  of  the  patient,  an  inability  to  make  proper  use  of  the  calcium 
salts  supplied,  for  the  formation  of  normal  bone  tissue. 

On  a  somewhat  different  footing  is  the  administration  of  calcium  phos- 
phate during  pregnancy  and  lactation,  partly  with  the  view  of  supplying 
the  necessary  lime  salts  to  the  foatus  and  of  rendering  the  milk  richer  in 
calcium,  and  partly  in  order  to  compensate  the  mother  for  the  extra  drain 
upon  her  store  of  calcium  compounds,  and  so  to  avoid  the  necessity  for 
the  withdrawal  of  calcium  from  her  own  tissues. 

The  important  influence  of  calcium  salts  in  favouring  the  coagulation 
of  the  blood  has  led  to  their  employment  of  late  years  in  cases  of 
haemorrhage  of  various  kinds,  and  especially  in  haemophilia.  A.  E.  Wright, 
who  suggested  the  administration  of  calcium  chloride  in  such  cases,  has 
obtained  encouraging  results  in  haemophilia,  but  it  is  as  yet  too  soon  to 
speak  positively  as  to  the  value  of  the  administration  of  calcium  com- 
pounds in  hsemorrhagic  conditions. 

It  is  a  curious  fact  that  salts  of  calcium  are  prominent  constituents  of 
certain  mineral  waters,  such  as  those  of  Contrexeville,  which  have  gained 
a  wide  and  deserved  reputation  for  the  treatment  of  gravel  and  calculus. 

CALCII  HYDRAS  (B.P.),  or  Slaked  Lime. — This  compound  is  occasionally 
applied  externally  as  a  caustic,  usually  in  the  form  of  Vienna  paste,  in 
which  it  is  mixed  with  caustic  potash.  It  is  much  more  extensively  used 
in  the  form  of  lime-water  (Liquor  Calcis,  B.P.  and  U.S.P.),  in  doses  of  1  to 
4  fluid  drms.  The  addition  of  sugar  greatly  increases  the  solubility  of  the 
hydrate,  and  advantage  is  taken  of  this  fact  in  the  preparation  of  Liquor 
Calcis  Saccharatus  (B.P.),  the  dose  of  which  is  from  20  to  60  minims. 

External. — Lime-water  is  applied  externally  to  ulcers  and  moist 
eczematous  surfaces,  and  has  also  been  widely  employed  as  a  local  applica- 
tion to  the  throat  in  diphtheria,  on  account  of  the  property  which  it 
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possesses  of  dissolving  the  diphtheritic  membrane ;  for  this  purpose  it  is 
best  applied  by  means  of  a  spray  apparatus. 

Linimentum  Calcis  (B.P.  and  U.S.P.),  in  the  preparation  of  which  a 
lime  soap  is  formed  by  the  admixture  of  lime-water  with  olive-oil,  is  a 
valuable  application  to  burns ;  and  a  similar  preparation,  made  with  linseed 
instead  of  olive-oil,  is  the  celebrated  Carron  oil,  which  was  originally 
introduced  for  the  treatment  of  burns  in  the  Carron  Iron  Works. 

Internal. — Internally,  lime-water  is  chiefly  used  on  account  of  its  in- 
fluence upon  the  coagulation  of  milk,  for  it  renders  the  curd  much  less 
solid  and  bulky.  Hence  it  is  often  of  much  service  in  the  feeding  of 
infants,  especially  when  there  is  a  tendency  to  vomiting.  In  adults  also, 
in  cases  of  severe  vomiting,  milk  diluted  with  lime-water  often  proves  a 
very  useful  food.  Lime-water  also  has  a  tendency  to  check  relaxation  of 
the  bowels  in  children.  It  should  be  remembered  that  the  quantity  of  lime 
contained  in  liquor  calcis  is  very  small,  and  indeed,  as  Bunge  has  shown, 
the  amount  of  calcium  in  this  preparation  is  less  than  that  contained  in  an 
equal  bulk  of  milk  ;  consequently  we  cannot  hope,  by  the  addition  of  small 
quantities  of  lime-water  to  the  food  of  infants,  to  materially  augment  the 
supply  of  calcium. 

Other  uses  of  lime-water  are,  as  an  injection  into  the  bowel  for  the 
removal  of  thread-worms,  and  also  as  an  injection  in  cases  of  leucorrhoaa 
and  gleet,  in  which  cases  its  mildly  astringent  action  upon  mucous  mem- 
branes proves  of  service. 

CALCIUM  CAKBONATE. — This  compound  is  employed  in  two  pharma- 
copoeial  forms,  namely,  as  Greta  Preparata  (B.P.  and  U.S.P.),  or  prepared 
chalk,  a  dull  white  powder,  obtained  by  the  purification  of  chalk ;  and  as 
Calcii  Carbonas  Precipitatus  (B.P.  and  U.S.P.),  or  precipitated  chalk,  made 
by  boiling  together  solutions  of  calcium  chloride  and  sodium  carbonate. 
The  dose  of  either  preparation  is  from  10  to  60  grs. 

Prepared  chalk  is  a  constituent  of  several  pharmacopceial  preparations, 
e.g.  Hydrargyrum  cum  Creta  (B.P.  and  U.S.P.),  Mistura  Cretse  (B.P.  and 
U.S.P.),  Pulvis  Cretse  Aromaticus  (B.P.),  Pulvis  Cretan  Aromaticus  cum 
Opio  (B.P.),  and  Pulvis  Cretse  Compositus  (U.S.P.). 

Externally,  it  forms  a  useful  dusting  powder  for  moist  eczematous 
surfaces ;  and  in  the  form  of  an  ointment,  with  benzoated  lard,  forms  a 
valuable  application  for  some  forms  of  skin  disease. 

Internally,  chalk  is  chiefly  used  on  account  of  its  antacid  and  astringent 
properties.  It  is  widely  employed  in  the  treatment  of  diarrhoea,  especially 
in  children,  in  the  form  of  Pulvis  Cretse  Aromaticus  (B.P.),  or  of  Mistura 
Cretee  (B.P.  and  U.S.P.). 

Binz  states  that  the  finely-divided  carbonate  forms  a  dense  compound 
with  the  fatty  substances  present  in  the  intestine,  which  serves  as  a  pro- 
tective covering  to  abraded  surfaces.  Karl  Grube  found  that  calcium 
salts,  such  as  the  carbonate  or  phosphate,  when  administered  to  diabetic 
patients,  caused  the  patient  to  feel  better  and  to  gain  conspicuously  in 
weight,  although  there  was  no  diminution  of  the  excretion  of  sugar  under 
their  use.  This  was  especially  the  case  in  the  acute  diabetes  of  young 
subjects,  whereas  in  the  milder  disease  of  later  life  the  treatment  appeared 
to  have  no  effect. 

CALCIUM  CHLORIDE  (B.P.  and  U.S.P.). — This  salt,  which  is  an  extremely 
deliquescent  substance,  and  on  account  of  its  power  of  absorbing  water  has 
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many  uses, — such  as  the  dehydration  of  alcohol  and  ether, — is,  because  of 
its  solubility  in  water,  a  readily  administered  calcium  compound. 

It  was  formerly  recommended  in  the  treatment  of  scrofulous  affections, 
and  also  to  check  vomiting.  It  is  the  salt  of  calcium  which  is  chiefly 
administered  when  a  styptic  action  is  required,  as  in  haemophilia.  It  may 
be  given  in  doses  of  10  or  15  grs. 

CALCIUM  PHOSPHATE. — This  is  official  in  the  British  Pharmacopeia,  and 
the  precipitated  calcium  phosphate  is  official  in  the  United  States  Pharma- 
copoeia. It  is  the  chief  constituent  of  bones,  and  is  therefore  often  given 
to  rickety  anaemic  children  and  to  pregnant  or  suckling  women.  This 
use  of  it  has  been  discussed  under  Calcium.  The  dose  is  5  to  15  grs.  The 
Syrupus  Calcis  Lactophosphatis  (B.P.  and  U.S.P.)  is  a  very  popular  prepara- 
tion, and  contains  this  salt.  Calcium  phosphate,  being  inert,  is  a  favourite 
diluent  for  powders  and  pills. 

CALCII  SULPHAS  EXSICCATUS  (U.S.P.),  or  plaster  of  Paris,  is  only  used 
in  surgery. 

For  calx  sulphurata,  see  p.  490  ;  for  calx  chlorinata,  etc.,  see  p.  467  ;  for 
calcii  hypophosphis,  see  p.  426 ;  for  calcii  bromidum,  see  p.  299. 

STRONTIUM  SALTS. 

No  salts  of  strontium  are  official  in  the  British  Pharmacopoeia,  but  the 
bromide,  iodide,  and  lactate  are  official  in  that  of  the  United  States.  The 
bromide  is  used  as  a  bromide  (p.  299),  the  iodide  as  an  iodide  (p.  449). 

It  is  only  of  recent  years  that  the  salts  of  strontium  have  been  em- 
ployed in  medicine.  That  they  did  not  come  into  use  earlier  was  due 
to  the  belief  that  they  possessed  powerful  toxic  properties,  an  idea 
which  may  have  arisen  from  the  frequent  presence  of  salts  of  barium  in 
the  commercial  products.  Although  the  harmlessness  of  the  pure  com- 
pounds of  this  metal  had  been  pointed  out  by  earlier  observers,  the  credit 
of  having  disposed  of  their  supposed  toxicity  belongs  to  Laborde,  who,  in 
1891,  showed  that  in  this  respect  the  strontium  salts  were  in  no  way 
comparable  to  those  of  barium,  and,  as  the  outcome  of  therapeutic  trials, 
ascribed  to  them  a  favourable  influence  upon  the  appetite  and  nutrition. 

STRONTIUM  LACTATE  (U.S.P.),  which  is  most  often  used,  may  be  given 
three  times  a  day,  in  doses  of  from  10  to  30  grs.  It  is  best  taken  in 
solution  in  water,  as  in  the  form  of  a  powder  it  is  apt  to  upset  the  stomach 
and  cause  vomiting. 

It  has  been  recommended  as  a  valuable  drug  in  the  treatment  of  gout 
and  rheumatism,  but  its  chief  efficacy  is  in  cases  of  albuminuria,  especially 
when  due  to  parenchymatous  nephritis.  Laborde  called  attention  to  the 
diuretic  action  of  the  strontium  salts,  but  Constantin  Paul  did  not  regard 
them  as  truly  diuretic.  Paul  observed  a  marked  diminution  of  albumin  as 
the  result  of  their  administration  in  cases  of  nephritis,  but  the  albumin  did 
not  wholly  disappear.  Similar  results  were  obtained  by  Adolf  Hied,  who, 
like  Laborde,  attributes  to  the  lactate  a  marked  diuretic  action.  In  many 
cases  of  parenchymatous  nephritis  he  observed  a  marked  diminution  of  the 
albumin  in  the  urine,  but  not  in  cases  of  granular  kidney. 

Toxicology. — No  case  of  poisoning  by  strontium  compounds  is  known 
to  have  occurred  in  man,  but  in  guinea-pigs  and  rats  speedy  death  by 
23 
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respiratory  and  cardiac  paralysis  follows  the  injection  of  large  doses. 
Smaller  doses  cause  weakness,  increasing  dyspnoea,  cyanosis  and  asphyxia, 
and  death  preceded  by  clonic  convulsions  (Binet).  The  salts  of  strontium 
exert  a  powerful  action  upon  the  heart,  its  beats  becoming  feeble  and 
intermittent,  and  in  cold-blooded  animals  arrest  usually  occurs  in  systole. 
The  excitability  of  the  peripheral  nerves  is  preserved. 

BARIUM  SALTS. 

Barium  dioxide  or  baryta  is  official  in  the  United  States  Pharmacopoeia. 
No  barium  salts  are  official  in  the  British  Pharmacopoeia,  except  in  the 
appendix  as  testing  solutions.  For  barium  sulphide,  see  p.  491. 

Pharmacology. — The  salts  of  barium  possess  powerful  toxic  pro- 
perties, and  are  indeed  much  more  poisonous  than  those  of  any  other 
metal  of  the  alkali  or  alkaline  earth  groups.  On  this  account  they  have 
met  with  but  little  employment  in  medicine.  Their  most  conspicuous 
action  is  upon  the  heart,  increasing  the  muscular  contractions  and  slow- 
ing the  beat,  as  has  been  shown  by  the  researches  of  Kinger  and  Sainsbury, 
Bohm  and  Cash. 

Binet,  whose  results  confirm  those  of  the  above-mentioned  observers, 
found  that  in  cold-blooded  animals  the  injection  of  barium  salts  is  followed 
by  gastro-intestinal  disturbance,  weakness,  and  increasing  dyspnoea, 
culminating  in  asphyxia.  Death  is  usually  preceded  by  clonic  convul- 
sions. The  heart  is  arrested  in  systole.  In  warm-blooded  animals, 
moderate  doses  are  apt  to  cause  fibrillary  contractions  and  muscular 
cramps,  followed  by  peripheral  paralysis.  Another  important  action  is 
upon  unstriped  muscle,  which  undergoes  contraction  under  the  influence 
of  barium  salts.  They  cause  a  conspicuous  rise  of  blood  pressure  and 
increased  intestinal  peristalsis.  The  toxic  action  is  common  to  all  the 
soluble  salts  of  barium,  and  is  even  shared  by  the  insoluble  carbonate, 
which  becomes  converted  into  chloride  in  the  stomach,  v.  Jaksch  men- 
tions 0*2  grm.  as  the  dose  of  chloride  or  iodide  fatal  to  man,  and  adds  that 
marked  symptoms  may  follow  as  small  a  dose  as  O'l  grm. 

Large  doses  cause  rapid  death  by  cardiac  paralysis,  whereas  small  doses 
give  rise  to  abdominal  pain,  diarrhoea  with  blood-stained  stools,  and 
evidences  of  toxic  nephritis.  In  more  chronic  cases,  in  which  poisoning 
results  from  the  long-repeated  administration  of  small  doses,  dyspepsia, 
wasting,  high  pulse  tension  and  nephritis  are  observed. 

Therapeutics. — The  chloride  is  the  salt  of  barium  which  is  occasion- 
ally employed  in  medicine,  and  it  is  given  cautiously  in  doses  of  from  i  to 
2  grs. 

At  one  time  it  enjoyed  some  reputation  in  the  treatment  of  nervous 
diseases,  and  it  is  occasionally  employed  as  a  h.eniostatic,  or  to  stimulate 
the  contraction  of  the  muscular  coats  of  the  bladder  and  intestine. 
Its  chief  employment,  however,  is  as  a  cardiac  tonic,  especially  in  cases 
of  mitral  disease ;  for,  as  will  have  been  seen,  its  action  upon  the  heart 
resembles  that  of  digitalis,  the  beat  being  slowed  and  increased  in  force.  It 
will  be  evident  that  considerable  caution  is  necessary  in  the  administra- 
tion of  this  potent  drug. 

The  waters  of  Llangammarch  wells  are  remarkable  in  containing 
barium  chloride  to  the  amount  of  6'749  grs.  per  gallon,  and  their  use  in 
suitable  doses  has  been  recommended  in  cases  in  which  a  tonic  action 
upon  the  heart  is  desired. 
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MAGNESIUM  SALTS. 

Although  it  presents  certain  resemblances  to  the  metals  of  the  alkaline 
earths,  magnesium  finds  its  nearest  chemical  allies  in  the  metals  of  the 
zinc  group. 

Pharmacology. — Like  calcium,  magnesium  is  a  normal  constituent 
of  the  human  body,  and  is  excreted  chiefly  in  the  form  of  phosphate  in 
the  urine,  where  its  presence  is  manifested  by  the  formation  of  crystals  of 
ammonium  magnesium  phosphate  when  the  urine  becomes  ammoniacal. 
When  injected  into  the  circulation  of  animals,  magnesium  salts  exhibit 
well-marked  toxic  properties.  Binet  observed  remarkable  paralytic  effects, 
which  were  apparently  due  to  the  action  of  the  salt  injected,  not  upon  the 
muscles  or  central  nervous  system,  but  upon  the  peripheral  nerves. 
Eespiration  was  only  impaired  at  a  later  stage,  and  in  this  respect  the 
action  of  magnesium  differs  from  that  of  curare.  Ultimately  the  heart 
was  also  affected,  and  became  arrested  in  diastole.  Matthew  Hay  also 
observed  that,  unlike  sodium  sulphate,  magnesium  sulphate  produced  toxic 
effects  when  introduced  into  the  circulation  of  animals. 

Of  the  compounds  of  magnesium  employed  in  medicine,  one,  the  sul- 
phate, is  an  extremely  important  drug,  and,  unlike  the  sulphates  of  the 
metals  of  the  alkaline  earths,  it  is  freely  soluble  in  water. 

MAGNESIUM  SULPHATE  (B.P.  and  U.S.P.)  is  perhaps  the  most  valuable 
of  the  saline  cathartics  which  we  possess.  It  is  more  energetic  in  its  action 
than  the  sulphates  of  sodium  and  potassium,  as  might  be  expected  from  the 
fact  that  the  compounds  of  magnesium,  as  such,  are  possessed  of  aperient 
properties,  and  thus  the  efficacy  of  magnesium  sulphate  in  this  respect 
may  be  in  part  ascribed  to  its  acid  and  in  part  to  its  metallic  constituent. 
The  mode  in  which  saline  aperients  produce  their  effects  has  been  already 
discussed  in  connection  with  sodium  sulphate  (p.  339),  and  it  is  unneces- 
sary to  enter  further  upon  the  subject  in  this  place,  as  what  was  there  said 
applies  equally  to  the  drug  under  consideration. 

Magnesium  sulphate  may  be  given  in  repeated  doses  of  30  to  120  grs., 
or  in  a  single  large  dose  of  from  \  to  i  oz.  Cases  are  on  record  of  fatal 
poisoning  by  very  large  doses  of  the  drug,  sometimes  without  any  purgat- 
ive action  being  produced.  Thus  Sang  observed  a  case  of  fatal  poisoning 
in  an  adult  woman  after  a  dose  of  4  oz.  The  sulphate  and  carbonate  of 
magnesium  are  frequently  prescribed  together,  and  the  former  is  an  in- 
gredient of  the  official  Mistura  Sennas  Composita  (B.P.)  and  of  the  official 
Infusum  Senna;  Compositum  (U.S.P.). 

In  many  aperient  mineral  waters  magnesium  sulphate  is  present 
together  with  the  sulphate  of  sodium,  and  the  popular  name  of  Epsom 
salts  is  derived  from  the  fact  of  the  presence  of  sulphate  of  magnesium  in 
the  celebrated  Epsom  Springs.  It  was  indeed  from  the  water  of  these 
springs  that  Nehemiah  Grey  (in  1695)  first  extracted  this  salt,  which  was 
the  earliest  described  of  the  compounds  of  magnesium.  An  effervescing 
preparation  of  magnesium  sulphate,  which  is  included  in  the  British 
Pharmacopoeia,  is  prepared  by  heating  the  dried  sulphate  with  sodium 
bicarbonate,  tartaric  acid,  citric  acids,  and  refined  sugar,  until  the  mixture 
aggregates  together  and  assumes  a  granular  form.  This  preparation  is 
given  in  doses  of  from  60  to  120  grs.,  or  in  a  single  dose  of  £  oz.  to  1  oz. 
in  3  to  6  oz.  of  water. 
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In  addition  to  its  use  as  a  watery  purgative,  magnesium  sulphate 
serves  as  a  valuable  antidote  in  cases  of  lead  poisoning.  In  such  cases  the 
administration  of  a  soluble  sulphate  leads  to  the  formation  of  the  insoluble, 
and  therefore  harmless,  sulphate  of  lead,  and  at  the  same  time  the  aperient 
action  of  the  drug  tends  to  relieve  the  constipation  which  is  so  conspicuous 
a  symptom  of  this  form,  of  poisoning.  Again,  as  a  soluble  sulphate  this 
drug  acts  as  a  valuable  antidote  in  cases  of  poisoning  by  barium  salts, 
owing  to  the  formation  of  the  insoluble  sulphate  of  that  metal. 

In  cases  with  anasarca  and  ascites,  magnesium  sulphate  in  concentrated 
solution  is  often  of  much  service  as  a  hydragogue  cathartic. 

MAGNESIA. — The  oxide  of  magnesium  is  official  in  both  British  and 
United  States  Pharmacopoeias,  in  two  physical  states,  known  respectively 
as  light  and  heavy  magnesia.  They  are  obtained  by  heating  the  heavy 
and  light  carbonates  until  the  carbon  dioxide  has  been  driven  off.  It  will 
be  convenient  to  discuss  the  therapeutic  properties  of  magnesia  together 
with  those  of  the  carbonate. 

MAGNESIUM  CARBONATE  is  prepared  by  mixing  together  aqueous  solu- 
tions of  sodium  carbonate  and  magnesium  sulphate.  When  the  solutions 
are  mixed  at  a  boiling  temperature  and  afterwards  evaporated,  the  heavy 
carbonate  (Magnesii  Carbonas  Ponderosa,  B.P.)  is  obtained ;  but  when  the 
solutions  are  mixed  in  the  cold  and  afterwards  heated  to  boiling,  the  car- 
bonate is  obtained  in  a  light  form  (Magnesii  Carbonas  Levis,  B.P.).  Only 
the  light  form  is  official  in  the  United  States,  where  it  is  known  as  Magnesii 
Carbonas. 

Both  magnesia  and  the  carbonate  are  possessed  of  antacid  properties, 
and  may  be  employed  when  it  is  desired  to  administer  a  feebly  alkaline 
drug.  They  are  decomposed  by  the  acids  in  the  stomach,  and  the  resulting 
magnesium  compounds  exercise  the  aperient  action  which  appears  to  be 
common  to  the  various  salts  of  this  metal.  The  aperient  action  of  these 
drugs  is,  however,  far  less  energetic  than  that  of  the  sulphate,  and  they  are 
widely  employed  as  mild  aperients,  and  are  especially  suitable  for  children. 
Magnesia  is  an  important  ingredient  of  Gregory's  powder.  A  convenient 
mode  of  administering  the  carbonate  is  in  the  Liquor  Maguesii  Carbonatis 
(B.P.),  known  as  fluid  magnesia,  in  which  the  drug  is  held  in  solution  in 
water  saturated  with  carbon  dioxide  under  a  pressure  of  three  atmospheres. 

In  cases  of  poisoning  by  mineral  acids,  magnesia  affords  a  valuable 
antidote,  neutralising  the  free  acid.  In  such  cases  the  oxide  rather  than 
the  carbonate  should  be  given,  because  the  carbon  dioxide  gas  evolved 
on  the  decomposition  of  the  latter  inflates  the  corroded  stomach,  and  may 
readily  lead  to  perforation.  In  arsenical  poisoning,  also,  magnesia  suspended 
in  water  serves  as  a  very  valuable  antidote,  as  it  forms  with  arsenious  acid 
an  almost  insoluble  compound.  In  cases  of  copper  and  mercurial  poisoning 
it  is  also  employed,  but  in  these  conditions  there  are  other  drugs  which  are 
perhaps  more  efficacious.  When  magnesia  or  magnesium  carbonate  are 
taken,  the  excess  of  the  drug  which  remains  unacted  upon  by  the  acids  in 
the  stomach  passes  on  imchanged  into  the  intestine,  and  may  there  lead 
to  the  formation  of  solid  concretions,  a  fact  which  should  be  borne  in  mind, 
and  which  renders  their  long-continued  administration  undesirable. 

The  Liquor  Magnesii  Effervescens,  made  from  Magnesii  Citras  Effer- 
vescens,  represents  in  the  United  States  Pharmacopeia  the  Liquor  Magnesii 
Carbonatis  of  the  British  Pharmacopeia. 
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ALUMINIUM. 

OF  the  compounds  of  aluminium,  two  only  are  included  in  the  British 
Pharmacopoeia,  namely,  alum,  both  ordinary  alum  and  dried  alum,  and 
kaolin.  In  the  United  States  Pharmacopoeia,  alum,  dried  alum,  aluminium 
hydrate,  and  aluminium  sulphate  are  official. 

ALUM. — The  sulphate  of  aluminium  forms  with  the  sulphates  of  the 
alkali  metals  a  series  of  double  salts,  which  resemble  each  other  in  their 
physical  properties,  and  are  known  as  alums.  The  alum  of  the  British 
Pharmacopoaia  may  be  either  the  potassium  or  the  ammonium  compound, 
but  only  the  potassium  compound  is  official  in  the  United  States  Pharma- 
copoeia. Formerly  potassium  alum,  A1.2(S04)3.K2S04.24H20,  was  chiefly 
employed,  but  it  has  now  been  almost  completely  superseded  by  the 
cheaper  ammonium  alum,  A12(S04)3(NH4)2S04.24H20,  which  has  a  similar 
therapeutic  action.  These  alums  possess  acid  properties,  have  a  sweetish 
astringent  flavour,  and  crystallise  in  regular  colourless  and  transparent 
octohedra. 

Pharmacology. — The  property  of  alum  which  renders  it  thera- 
peutically  valuable  is  its  astringent  action.  It  has  the  power  of  pre- 
cipitating albumin,  and  so  exercises  a  styptic  action,  and  has  some 
antiseptic  power. 

Orfila,  who  studied  the  effects  of  alum  when  administered  to  the  lower 
animals,  found  that  when  large  doses  of  Alumen  Exsiccatum  (such  as  60 
grins.)  were  given  to  dogs,  no  more  serious  effects  than  vomiting  and 
diarrhoea  resulted ;  but  when  vomiting  was  prevented,  death  resulted  in  a 
few  hours.  After  death  the  alimentary  canal  showed  acute  inflammatory 
lesions.  In  animals  so  poisoned  he  found  alum  in  the  urine  as  well  as  in 
the  viscera,  showing  that  some  absorption  of  the  drug  had  taken  place. 

Siem  found  that  when  the  double  lactate  of  sodium  and  aluminium,  a 
salt  which  does  not  yield  a  precipitate  with  albumin  or  with  alkalies,  was 
injected  into  animals  either  subcutaneously  or  into  a  vein,  it  acted  as  a 
powerful  poison.  In  mammals  the  effects  of  the  poison  were  much  more 
slowly  manifested  than  in  frogs,  and  extended  over  a  period  of  from  one  to 
four  weeks.  After  a  few  days  of  unimpaired  health,  anorexia  and  con- 
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stipation  developed,  often  attended  by  vomiting.  The  animal  wasted, 
and  there  was  loss  of  sensation  and  motor-power,  with  peculiar  forced 
movements  and  contractions  on  trying  to  walk.  Still  later,  drowsiness 
supervened,  with  lowered  temperature,  continuous  fall  of  blood  pressure, 
and  paresis  of  the  jaw,  tongue,  and  pharynx.  Death  sometimes  resulted 
from  respiratory  paralysis.  After  death,  redness  and  swelling  of  the 
intestinal  mucous  membrane  was  found,  and  fatty  changes  in  the  liver 
and  kidneys.  Aluminium  could  be  detected  in  the  urine.  Kunkel  has 
confirmed  these  observations.  He  believes,  however,  that  no  absorption 
of  alum  takes  place  from  the  alimentary  canal,  and  has  failed  to  detect  it 
in  the  urine  after  prolonged  administration  of  the  drug  by  the  mouth. 
No  toxic  symptoms  were  observed  under  such  conditions,  but  large  doses 
caused  diarrhoea. 

Therapeutics. — External. — Alum  is  employed  in  medicine  in 
almost  any  condition  in  which  it  is  desired  to  produce  an  astringent  effect 
upon  the  superficial  structures  or  the  mucous  membranes.  In  the  form  of 
a  lotion  it  may  be  applied  to  the  unbroken  skin  when  there  is  reason  to 
fear  the  development  of  bed-sores ;  and  dusting  of  powdered  alum  upon 
the  feet,  after  cleansing,  is  a  useful  accessory  measure  in  the  treatment  of 
bromidrosis.  Its  power  of  precipitating  albumin  renders  it  a  valuable 
application  to  discharging  ulcers  and  bed-sores;  and  dried  alum,  which 
has  the  property  of  absorbing  water,  may  be  applied  as  a  mild  caustic  to 
exuberant  granulations.  Lotions  of  4  to  10  grs.  to  the  ounce  of  water  are 
frequently  used  in  the  treatment  of  purulent  and  catarrhal  ophthalmia. 
Alum  lotions  are  also  used  in  the  treatment  of  otorrhoea,  leucorrhoaa, 
and  gleet,  and  are  injected  into  the  rectum  for  the  purpose  of  destroying 
thread-worms. 

Owing  to  its  power  of  contracting  the  superficial  vessels  and  aiding 
coagulation  of  blood,  alum  acts  as  a  haemostatic,  and  may  be  employed  to 
check  the  slighter  forms  of  haemorrhage.  Thus  insufflation  of  powdered 
alum  is  often  employed  in  the  treatment  of  severe  epistaxis,  and  Wood 
has  found  a  spray  of  alum  solution  of  great  service  in  checking  haemoptysis 
and  bronchorrhoea. 

As  a  gargle  or  mouth-wash  (5  to  20  grs.  to  the  ounce)  it  proves  of 
service  in  ulcerative  stomatitis  and  in  the  various  forms  of  pharyngitis 
and  tonsillitis,  including  the  membranous  varieties.  In  such  conditions 
the  official  Glycerinum  Aluminis  (B.P.)  may  also  be  applied  by  means  of  a 
brush  to  the  affected  part. 

Internal. — The  drug  may  be  given  internally  as  an  emetic,  in  doses 
of  30  to  60  grs.,  and  in  smaller  doses,  5  to  10  grs.,  for  the  sake  of  its 
astringent  action.  In  such  doses  it  tends  to  check  diarrhoea ;  and  alum 
whey,  in  the  preparation  of  which  advantage  is  taken  of  the  power  which 
alum  possesses  of  curdling  milk,  may  often  be  given  with  advantage  in 
cases  of  typhoid  fever  in  which  excessive  diarrhoea  calls  for  special 
treatment. 

As  a  soluble  sulphate,  alum  is  of  service  in  the  treatment  of  lead 
poisoning,  precipitating  as  the  insoluble  sulphate  any  lead  present  in  the 
alimentary  canal,  and  its  use  for  this  purpose  is  of  considerable  antiquity. 
However,  in  such  cases  the  sulphates  of  magnesium  and  sodium  are  now 
usually  preferred. 

KAOLIN  (B.P.)  is  a  native  silicate  of  aluminium.  It  is  an  inert  sub- 
stance, which  forms  a  useful  basis  for  pills  containing  certain  active 
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ingredients.  It  is  a  constituent  of  the  official  Pilula  Phosphori.  It  is 
also  used  as  a  dusting  powder ;  but  for  this  purpose  another  variety  of 
native  aluminium  silicate,  the  familiar  fullers'  earth,  is  more  frequently 
employed. 
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CERIUM. 

OXALATE  OF  CERIUM  (B.P.  and  U.S.P.)  (cerous  oxalate).  Of  the  group 
of  rare  metals  known  as  the  "  metals  of  the  earths,"  cerium  is  the  only  one 
which  has  hitherto  been  employed  in  medicine,  and  of  the  salts  of  cerium 
the  only  one  so  used  is  the  oxalate. 

Pharmacology. — Oxalate  of  cerium  was  introduced  as  a  drug  by 
Sir  James  Simpson,  who  advocated  its  use  in  the  treatment  of  vomiting, 
and  especially  of  the  vomiting  of  pregnancy.  He  described  it  as  resembling 
the  salts  of  bismuth  and  silver  in  its  action,  whereas  it  has  the  advantage 
over  the  latter  compounds  of  causing  no  discoloration  of  the  skin.  The 
oxalate  was  selected  for  trial  because  it  was  the  most  readily  obtained 
of  the  cerium  salts,  and  not  on  account  of  any  special  properties  which 
it  possesses. 

Of  the  physiological  action  of  cerium  compounds  little  or  nothing  is 
known.  The  oxalate  is  a  very  insoluble  compound,  which  is  not  dissolved 
by  artificial  gastric  juice.  It  has  been  suggested  that  its  action  upon  the 
mucous  membrane  of  the  alimentary  tract  is  purely  topical ;  and  C.  K. 
Mills,  who  made  a  somewhat  elaborate  investigation  of  this  drug,  failed 
to  obtain  any  evidence  of  its  absorption.  He  found  that  the  commercial 
oxalate  contained  large  amounts  of  the  oxalates  of  the  allied  metals 
didymium  and  lanthanum,  which  metals  are  present  with  cerium  in  the 
mineral  "  cerite,"  from  which  the  oxalate  is  prepared.  After  the  adminis- 
tration of  20  grs.  of  the  commercial  oxalate  in  the  course  of  thirty-six 
hours,  no  cerium  could  be  found  in  the  urine,  and  no  didymium  could  be 
detected  by  the  delicate  method  of  spectrum  analysis. 

Therapeutics. — Mills  found  that  the  therapeutic  actions  of  the 
commercial  product  and  of  chemically  pure  oxalate  of  cerium,  or  more 
correctly  "  cerous  oxalate,"  differed  only  in  degree. 

A  considerable  amount  of  testimony  is  forthcoming  to  the  value  of 
oxalate  of  cerium  in  the  treatment  of  the  vomiting  of  pregnancy.  Mills 
found  it  especially  useful  in  vomiting  and  diarrho3a  of  reflex  nervous  origin, 
whereas  in  cases  of  an  inflammatory  nature  the  effect  was  less  marked.  He 
also  obtained  good  results  with  this  drug  in  the  treatment  of  chorea  and 
other  neuroses.  Other  writers  have  been  disappointed  with  the  effects  of 
the  drug,  which  is  now  not  often  prescribed.  It  is  administered  in  doses 
of  from  2  to  10  grs. 
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ACIDS. 

SULPHURIC,  NITRIC,  NITROHYDROCHLORIC,  HYDROCHLORIC,  PHOSPHORIC, 
CITRIC,  TARTARIC,  ACETIC,  AND  LACTIC  ACIDS. 

Pharmacology. — Free  acids,  when  administered  by  the  mouth,  are 
capable  of  exercising  marked  effects  upon  the  metabolic  processes  in  the 
body,  but  nevertheless  they  do  not  constitute  a  very  important  group  of 
medicinal  agents.  Mineral  acids  and  such  organic  acids  as  do  not  undergo 
decomposition  in  the  body  have  the  effect  of  reducing  the  alkalinity  of  the 
blood,  and  of  increasing  to  some  extent  the  acidity  of  the  urine.  Even 
such  organic  acids  as  citric  and  tartaric  undergo  oxidation  in  the  circula- 
tion much  less  readily  than  do  their  salts,  the  citrates  and  tartarates. 

It  is  a  well-known  fact  that  increased  alkalinity  of  the  blood  and 
tissues  favours  tissue  metabolism,  and  that  the  activity  of  the  metabolic 
processes  is  restrained  when  the  alkalinity  is  diminished.  Hence  we  may 
expect  to  restrain  metabolism  by  the  administration  of  acids,  and  it  is 
partly  upon  this  ground  that  their  use  is  advocated  in  fevers,  but  it  does 
not  appear  proven  that,  given  a  febrile  condition,  such  reduction  of 
metabolism  is  of  any  special  advantage  to  the  patient. 

Experimental  investigations  have  brought  to  light  the  remarkable  fact 
that  the  diminution  of  the  alkalinity  of  the  blood  which  results  from  the 
administration  of  acids  is  much  less  pronounced  in  man  and  in  carnivorous 
animals,  such  as  dogs,  than  in  vegetable-feeders,  such  as  rabbits.  Asso- 
ciated with  this  is  the  fact  that  the  administration  of  acids  to  carnivora  is 
followed  by  a  conspicuously  increased  excretion  of  ammonium  salts  in  the 
urine,  and  hence  it  is  inferred  that,  in  the  body,  the  free  acid  which  is 
introduced  combines  with  ammonia,  which  is  thus  prevented  from  under- 
going those  further  chemical  changes  which  result  in  the  formation  of 
urea.  At  the  same  time  the  neutralisation  of  the  free  acid  by  ammonia 
prevents,  to  a  large  extent,  the  utilisation  for  this  purpose  of  the  fixed 
alkalies  present,  and  their  consequent  withdrawal  from  the  blood  and 
tissues.  In  vegetivorous  animals,  on  the  other  hand,  for  reasons  which  are 
not  clearly  made  out,  the  neutralisation  of  the  free  acid  by  ammonia  does 
not  take  place,  and  as  a  result  the  fixed  alkalies  are  freely  removed  from 
the  blood,  and  there  is  a  correspondingly  increased  excretion  of  the  salts  of 
the  alkali  metals  in  the  urine.  Some  more  recent  observations  by  Winter- 
berg  show,  however,  that  the  difference  is  rather  one  of  degree,  and  that  the 
neutralisation  by  ammonia  does  take  place  in  rabbits,  but  to  a  lesser  degree. 

Walter  found  that  the  administration  of  hydrochloric  or  phosphoric 
acid  to  rabbits  had  also  a  conspicuous  effect  upon  the  heart  and  respira- 
tion, and  especially  upon  the  latter.  Dyspnoeic  breathing  followed,  but 
was  accompanied  by  a  slight  rise  of  blood  pressure,  and  the  fact  that 
the  heart  continued  to  beat  powerfully  showed  that  the  dyspncea  was 
not  dependent  upon  cardiac  failure.  At  a  later  stage,  when  respiratory 
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paralysis  ensued,  the  blood  pressure  fell  rapidly,  but  the  individual  beats 
of  the  heart  were  still  powerful.  Inspiration  always  ceased  before  the 
heart  was  arrested.  In  a  word,  there  was  at  first  stimulation,  and  later 
paralysis  of  the  respiratory  centre,  and,  seeing  that  the  oxygen  content  of 
the  blood  remained  unchanged,  the  condition  could  not  be  regarded  as  one 
of  ordinary  asphyxia.  In  the  early  stages  Walter  succeeded  in  completely 
restoring  the  respiratory  and  cardiac  functions  by  the  injection  of  sodium 
bicarbonate,  so  as  to  restore  the  alkalinity  of  the  blood. 

Observations  of  the  effect  of  the  administration  of  phosphoric  acid  upon 
the  pulse  in  man  have  yielded  conflicting  results.  Kobert  observed  a  slight 
diminution  of  the  pulse  frequency  attended  by  a  slight  fall  of  temperature, 
together  with  an  increase  of  the  acidity  of  the  urine.  Schulz,  on  the  other 
hand,  found  that  when  phosphoric  acid  was  administered  for  some  time,  in 
smaller  doses  than  Kobert  employed,  the  pulse  was  more  often  slightly  ac- 
celerated. In  some  cases  there  was  no  noticeable  effect,  and  in  only  one 
instance  was  slowing  of  the  pulse  observed.  The  effect  of  the  acid  persisted 
for  some  time  after  its  administration  was  stopped. 

Acids  have  the  power  of  stimulating  alkaline  secretions,  just  as  the 
secretion  of  the  acid  gastric  juice  is  stimulated  by  alkalies  introduced  into 
the  stomach.  Ringer  also  holds  that  acid  tends  to  check  acid  secretions, 
an  effect  which  may  possibly  be  due,  as  Brunton  suggests,  to  the  neu- 
tralisation of  alkalies  which  would  otherwise  tend  to  stimulate  such 
secretions. 

The  effect  produced  by  the  application  of  acids  to  the  skin  varies  greatly 
in  degree  according  to  the  nature  of  the  acid  applied  and  the  degree  of 
concentration.  Thus  dilute  acetic  acid  causes  constriction  of  the  super- 
ficial vessels  and  pallor  of  the  part.  Very  dilute  acid  lotions  are  of  service 
in  checking  excessive  sweating  and  sometimes  in  relieving  itching.  Stronger 
solutions  act  as  rubifacients,  and  stronger  still  as  vesicants  or  caustics. 

Toxicology. — When  concentrated,  the  mineral  acids,  and  also  the  more 
potent  organic  acids,  act  as  violent  corrosive  poisons.  The  effects  of  the 
several  acids  differ  to  some  extent,  but  the  main  effects  are  the  same  with 
all.  All  parts  with  which  the  acid  comes  in  contact  are  involved  in  the 
destructive  process,  such  as  the  mouth,  pharynx,  oesophagus,  stomach,  and 
sometimes  the  intestines  also.  The  corrosion  of  the  mucous  membrane  of 
the  parts  is  followed  by  inflammation,  with  attendant  febrile  disturbance. 
The  action  of  the  acid  upon  the  larynx  may  cause  oedema  glottidis,  and 
this  is  among  the  most  fatal  results  of  this  form  of  poisoning.  The  cor- 
rosive action  may  penetrate  beyond  the  mucous  coat  of  the  stomach, 
and  perforation,  and  even  extensive  destruction,  of  the  gastric  wall,  with 
consequent  acute  peritonitis,  may  result. 

Sulphuric  acid  has  the  most  conspicuous  destructive  action  upon  the 
tissues,  and  most  frequently  leads  to  this  result,  probably  on  account  of 
its  great  affinity  for  water.  As  might  be  expected,  these  processes  are 
attended  by  intense  pain,  and  vomiting  of  material  stained  with  altered 
blood  is  a  prominent  symptom.  Coma  and  collapse  are  apt  to  supervene. 
In  addition  to  the  local  effect  of  the  acid  upon  the  tissues  with  which 
it  comes  in  direct  contact,  more  remote  toxic  effects  are  obsei^ved,  such  as 
parenchymatous  changes  in  various  organs,  and  especially  toxic  nephritis. 
This  is  manifested  by  the  passage  of  strongly  acid  urine  containing  blood, 
and  in  some  such  cases  the  blood  pigment  has  been  found  to  be  present  in 
the  unusual  form  of  h.iematin  (Huppert). 

Even  when  the  primary  effects  of  the  corrosive  poison  are  recovered 
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from,  the  extensive  destruction  of  the  gastric  mucous  membrane  and  the 
contained  glandular  structures  may  lead  to  serious  impairment  of  the 
powers  of  digestion  and  assimilation ;  and  as  in  the  case  of  poisoning  with 
caustic  alkalies,  the  cicatrisation  in  the  corroded  areas  may  give  rise  to 
serious  strictures,  especially  of  the  cesophagus. 

Therapeutics. — The  caustic  action  of  mineral  acids  is  made  use  of 
for  the  removal  of  small  cutaneous  growths,  such  as  warts  and  moles, 
and  for  such  purposes  nitric  acid  is  most  commonly  employed. 

It  is  in  the  treatment  of  certain  forms  of  dyspepsia  that  acid  remedies 
find  one  of  their  chief  therapeutic  applications.  In  cases  in  which  there 
is  reason  to  believe  that  the  gastric  juice  is  deficient  in  acid,  hydrochloric 
acid,  as  the  natural  acid  of  that  secretion,  is  often  given  with  most 
satisfactory  results.  It  is  administered  after  meals,  in  order  that  the 
natural  secretion  of  acid  may  not  be  checked.  It  is  a  common  practice  to 
administer  nux  vomica  with  hydrochloric  acid  in  such  cases,  and  pepsin 
may  be  given  at  the  same  time,  with  a  view  to  still  further  reinforcing  the 
deficient  gastric  secretion. 

In  the  opposite  condition,  in  which  the  gastric  juice  is  apparently  too 
rich  in  acid,  Ringer  advocates  the  giving  of  an  acid  before,  instead  of  after, 
meals,  with  a  view  to  checking  the  hypersecretion.  The  long-continued 
administration  of  acids  tends  to  cause  gastric  catarrh,  and  consequently 
their  use  should  be  suspended  after  a  short  time,  to  be  resumed  after  an 
interval,  if  necessary. 

Acids  are  frequently  prescribed  in  cases  of  oxaluria,  in  which  condition 
they  probably  act  by  relieving  the  attendant,  or  possibly  causative  dys- 
pepsia. Dilute  acids  are  also  of  use  in  relieving  thirst,  and  are  therefore 
extensively  employed  as  cooling  drinks  in  fevers.  This  effect  is  largely 
due  to  stimulation  of  the  alkaline  secretion  of  the  salivary  glands,  and 
indeed  such  drugs  act  as  very  efficient  sialogogues.  Acids  cause  a 
peculiar  and  characteristic  sensation  in  the  mouth,  and  as  they  act  destruct- 
ively upon  the  teeth,  acid  medicines  are  best  taken  through  glass  tubes. 

SULPHURIC  ACID. — The  dilute  sulphuric  acid  of  the  British  Pharma- 
copoeia contains  13'65  per  cent,  of  hydrogen  sulphate,  and  has  a  specific 
gravity  of  1/094;  while  that  of  the  United  States  Pharmacopoeia  contains 
10  per  cent,  of  hydrogen  sulphate,  and  has  a  specific  gravity  of  1*07.  An 
aromatic  preparation  (Acidum  Sulphuricum  Aromaticum)  is  also  official  in' 
both  Pharmacopoeias.  It  contains  alcohol,  cinnamon,  and  tincture  of 
ginger,  and,  owing  to  the  presence  of  alcohol,  the  sulphuric  acid  becomes 
largely  converted  into  ethyl-sulphuric  (sulpho-vinic)  acid.  The  dose  is 
5  to  20  minims. 

Dilute  sulphuric  acid  possesses  astringent  properties  which  render  it 
a  valuable  drug  in  the  treatment  of  some  forms  of  diarrhoea,  and  it 
even  proves  useful  in  the  intractable  diarrhoea  which  depends  upon  the 
tuberculous  ulceration  of  the  intestine.  Some  American  physicians  have 
obtained  good  results  with  sulphuric  acid  in  the  treatment  of  cholera. 

The  dilute  acid,  in  doses  of  5  to  20  minims,  freely  diluted  with  water, 
forms  a  useful  cooling  drink ;  and  the  so-called  sulphuric  acid  lemonade 
is  employed  in  lead  factories  as  a  preventive  of  lead-poisoning.  Under 
such  circumstances  it  acts  by  combining  with  any  lead  which  may  be 
present  in  the  alimentary  canal,  with  the  formation  of  the  quite  insoluble, 
and  therefore  innocuous,  lead  sulphate. 

One  important  use  of  sulphuric  acid  is  as  a  solvent  for  the  sulphate 
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of  quinine ;  \\  minims  of  the  dilute  acid  suffices  to  hold  in  solution  1  gr. 
of  the  quinine  salt.  It  should  be  mentioned  that,  as  Binz  has  shown, 
small  quantities  of  sulphuric  acid  favours  the  growth  of  moulds  in 
medicines. 

Concentrated  sulphuric  acid,  when  swallowed,  acts  as  a  violent 
corrosive  poison,  causing  extensive  destruction  and  charring  of  the 
mucous  membrane,  and  it  is  the  most  apt  of  all  the  mineral  acids  to 
cause  actual  perforation  of  the  stomach  wall  and  fatal  peritonitis.  When 
strong  sulphuric  acid  comes  in  contact  with  the  skin,  it  exerts  a  violent 
destructive  action,  charring  and  blackening  the  tissues.  On  account  of 
the  avidity  with  which  it  abstracts  water,  its  effects  are  apt  to  extend 
widely  and  deeply.  Nevertheless  sulphuric  acid  mixed  with  charcoal  has 
sometimes  been  employed  as  a  caustic. 

NITRIC  ACID. — The  strong  acid  containing  70  per  cent.  (B.P.)  or  68  per 
cent.  (U.S.P.)  is  only  used  externally.  When  applied  to  the  skin,  it  causes 
a  bright  yellow  discoloration,  due  to  the  formation  of  picric  acid  (trinitro- 
benzol).  Its  caustic  action  is  somewhat  more  restrained  than  that  of 
the  other  mineral  acids,  and  it  is  frequently  employed  for  the  destruction 
of  warts  and  moles.  It  is  best  applied  by  means  of  a  pointed  glass 
rod  dipped  in  the  acid,  the  surrounding  parts  being  protected  if  necessary. 
Nitric  acid  has  also  been  recommended  as  a  caustic  for  the  destruction 
of  chancres  and  in  the  treatment  of  piles,  and  of  snake-  and  dog-bites. 
In  a  dilute  condition  it  has  proved  of  service  as  a  local  application  in 
cancrum  oris.  Dilute  lotions  containing  nitric  acid  are  of  use  in  some 
skin  affections  which  are  attended  with  itching. 

Internally,  Acidum  Nitricum  Dilutum,  17'44  per  cent.  (B.P.),  10  per 
cent.  (U.S.P.),  is  the  only  form  that  should  be  used.  It  is  not  often 
prescribed,  but  it  is  supposed  to  exercise  a  specific  action  upon  the  liver, 
and  its  use  has  been  advocated  in  the  treatment  of  syphilis,  in  cases  in 
which  the  administration  of  mercury  is  for  any  reason  contra-indicated. 

NITROHYDROCHLORIC  ACID. — The  dilute  nitrohydrochloric  acid  of  the 
British  Pharmacopoeia  contains  3  parts  of  nitric  and  2  parts  of  hydro- 
chloric acid,  diluted,  after  admixture,  with  25  parts  of  distilled  water. 
It  has  a  specific  gravity  of  1'07.  It  is  directed  to  be  prepared  a  fortnight 
before  use,  but  Wood  considers  that  the  freshly  prepared  acid  is  more 
efficacious.  In  the  United  States  Pharmacopoeia  the  proportion  of  nitric 
to  hydrochloric  acid  is  2  to  9.  This  preparation  is  not  merely  a  mixture 
of  the  two  acids,  for  a  certain  amount  of  chemical  action  takes  place, 
with  the  result  that  chlorine  is  set  free,  and  reddish  fumes  are  given 
off  which  were  formerly  regarded  as  consisting  of  nitrogen  peroxide,  but 
which  are  now  known  to  be  due  to  the  formation  of  nitrosyl  chloride. 

Nitrohydrochloric  acid  is  frequently  given  after  meals  in  cases  of 
dyspepsia.  In  this  connection  some  observations  carried  out  by  Lockhart 
Gillespie  are  of  interest.  He  found  that  nitric  acid  has  the  power  of 
combining  with  proteids,  and  does  not  share  the  power  possessed  by 
hydrochloric  acid  of  favouring  peptic  digestion.  It  would  appear  that 
the  presence  of  nitric  acid  hinders  peptic  digestion  by  combining  with 
the  proteid  molecules,  and  Gillespie  obtained  excellent  results  by  pre- 
scribing some  free  hydrochloric  with  the  dilute  nitrohydrochloric  acid. 
Prout  found  nitrohydrochloric  acid  specially  useful  in  that  form  of  dys- 
pepsia which  accompanies  oxaluria. 
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Rutherford,  in  his  experimental  researches  on  the  secretion  of  bile, 
found  that  nitrohydrochloric  acid  acted  as  an  hepatic  stimulant  of  con- 
siderable power,  causing  actual  stimulation  of  the  hepatic  cells,  and  not 
merely  evacuation  of  the  gall  bladder.  These  observations  are  in  accord 
with  the  experience  of  many  clinical  observers,  who  have  assigned  to  this 
drug  a  potent  influence  upon  the  hepatic  functions.  It  is  often  prescribed 
in  cases  of  catarrhal  jaundice,  and  it  is  looked  upon  as  extremely  valuable 
in  the  chronic  hepatitis,  attended  with  enlargement  and  induration  of 
the  liver,  to  which  Europeans  residing  in  tropical  climates  are  specially 
liable.  In  India  it  has  been  extensively  employed  in  the  form  of  baths, 
a  plan  of  treatment  which  was  introduced  by  Dr.  Helenus  Scott  of 
Bombay.  Sir  Ranald  Martin  spoke  in  very  high  terms  of  such  acid 
baths  in  chronic  affections  of  the  liver,  whether  structural  or  functional. 
He  gives  the  following  directions  for  preparing  the  bath : — Three  parts 
of  hydrochloric  and  2  parts  of  nitric  acid  are  carefully  and  slowly  mixed, 
and,  after  the  lapse  of  twenty  minutes,  5  parts  of  distilled  water  are  added. 
Sixty-four  oz.  of  the  mixture  are  added  to  five  pailfuls  of  cold  water  in 
a  wooden  or  porcelain  bath,  and  sufficient  boiling  water  is  poured  in  to 
raise  the  temperature  to  96°  or  98°.  The  patient  should  remain  in  the 
bath  for  fifteen  or  twenty  minutes.  For  use  as  a  foot-  and  sponging-bath, 
6  oz.  of  the  acid  mixture  may  be  added  to  two  gallons  of  water. 

Wood  has  obtained  good  results  from  the  application  of  the  acid  to 
the  hepatic  region,  on  spongio-piline  or  on  several  folds  of  flannel.  He 
recommends  the  addition  of  1  to  3  drms.  of  the  dilute  acid  to  a  pint  of 
water.  The  application  may  be  made  for  from  half  an  hour  to  an  hour 
three  or  four  times  a  day.  Sir  Lauder  Brunton  finds  nitrohydrochloric 
acid  of  great  use  in  relieving  frontal  headache  situated  just  above  the 
eyebrows,  and  not  accompanied  by  constipation. 

HYDROCHLORIC  ACID. — The  liquid  known  as  hydrochloric  acid  is  an 
aqueous  solution  of  the  gaseous  hydrogen  chloride.  The  strong  acid  of 
the  British  Pharmacopoeia  contains  31 '79  per  cent,  of  this  compound,  and 
has  a  specific  gravity  of  1'16.  The  dilute  acid  contains  10 '58  per  cent,  of 
hydrogen  chloride,  and  has  a  specific  gravity  of  T052.  The  strong  and 
dilute  acids  of  the  United  States  Pharmacopoeia  are  of  almost  the  same 
strength. 

In  its  caustic  action  hydrochloric  acid  resembles  the  other  mineral 
acids,  but  it  is  less  destructive  to  the  tissues  with  which  it  comes  in 
contact.  When  applied  to  the  skin  it  produces  a  white  appearance. 
Internally  it  acts  as  a  violent  corrosive  poison. 

Dilute  hydrochloric  acid  is  often  prescribed  after  meals  for  the  treat- 
ment of  dyspepsia,  and  as  it  is  the  natural  acid  of  the  gastric  juice  and 
greatly  aids  peptic  digestion,  it  would  appear  to  be  the  most  suitable  acid 
for  this  purpose.  In  cases  in  which  dyspepsia  results  from  deficiency  of 
gastric  secretion,  the  administration  of  hydrochloric  acid  is  often  attended 
with  the  most  satisfactory  results ;  and  in  cases  in  which  the  secretion  of 
acid  appears  to  be  excessive,  it  may  be  given  before  meals  with  a  view  to 
checking  the  secretion.  Hydrochloric  acid  is  often  advantageously  pre- 
scribed with  pepsin,  and  the  addition  of  tincture  of  mix  vomica  often 
appears  to  have  a  good  effect. 

Zander  has  claimed  for  hydrochloric  acid  an  efficacy  in  the  treatment 
of  chlorosis  comparable  to  that  of  the  compounds  of  iron,  but  other 
observers  have  not  obtained  such  satisfactory  results.  Hale  White  found 
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that  chlorotic  patients  treated  with  hydrochloric  acid  did  not  improve 
more  than  others  who  were  merely  kept  in  bed  and  placed  upon  a  similar 
suitable  diet. 

PHOSPHORIC  ACID. — Two  solutions  of  this  acid  are  official  in  both 
Pharmacoposias,  a  concentrated  and  a  dilute.  The  concentrated  acid 
(B.P.)  contains  66'3  per  cent,  of  phosphoric  acid,  and  has  a  specific  gravity 
of  To;  that  of  the  United  States  Pharmacopeia  contains  85  per  cent,  of 
phosphoric  acid,  and  has  a  specific  gravity  of  171.  The  dilute  preparation 
(B.P.)  contains  13'8  per  cent.,  and  (U.S.P.)  10  per  cent,  of  the  acid.  The 
dilute  is  alone  employed  for  internal  administration,  in  doses  of  from  5  to 
20  minims. 

Phosphoric  acid  is  less  frequently  prescribed  than  the  other  mineral 
acids.  It  resembles  sulphuric  acid  in  its  therapeutic  properties,  but  has 
a  less  marked  astringent  action.  It  is  sometimes  prescribed,  freely  diluted, 
as  a  cooling  drink  in  febrile  states,  and  it  has  gained  some  reputation  for 
the  relief  of  thirst  in  diabetes.  It  has  also  been  recommended  for  the 
treatment  of  scrofulous  affections,  but  in  such  cases  the  phosphates  and 
hypophosphites  are  now  more  frequently  prescribed. 

In  cases  in  which  it  is  desired  to  render  the  urine  acid,  phosphoric  is 
the  most  suitable  acid.  Brunton  points  out  that  it  has  the  advantage 
that  it  can  be  given  in  large  doses  without  disturbing  digestion,  whereas  if 
other  acids  are  administered  continuously  they  are  apt  to  induce  gastro- 
intestinal catarrh. 

CITRIC  ACID  (B.P.  and  U.S.P. ). — This  crystalline  tribasic  acid  is  present 
in  a  variety  of  fruits,  such  as  lemons,  oranges,  and  gooseberries.  It  is 
commercially  prepared  from  lemon  juice.  It  crystallises  in  large  trans- 
parent rhombic  prisms.  Citric  acid  is  less  irritant  to  the  mucous  mem- 
branes than  tartaric  acid.  No  instances  of  fatal  poisoning  by  this  acid  are 
recorded. 

Both  lemon  juice  and  citric  acid  are  frequent  ingredients  of  cooling  drinks 
for  febrile  patients.  Lemon  juice  and  that  of  other  species  of  citrus  are  of 
much  value  in  the  treatment  and  prevention  of  scurvy,  and  solutions  of 
citric  acid  have  also  been  recommended  for  the  treatment  of  this  disease. 
However,  the  antiscorbutic  properties  of  the  fresh  juice  is  certainly  not 
entirely  due  to  the  citric  acid  which  it  contains,  and  the  acid  alone  is  not 
•  of  like  efficacy  in  scorbutic  cases.  Lemon  juice  was  at  one  time  widely 
employed  in  the  treatment  of  acute  rheumatism,  and  much  efficacy  was 
claimed  for  it  by  Owen  Kees  and  others. 

Citric  acid  is  largely  used  in  the  preparation  of  effervescing  mixtures. 
A  solution  of  the  acid  is  mixed  with  a  solution  of  an  alkaline  carbonate, 
and  the  liberation  of  carbonic  acid  gas  causes  the  mixture  to  effervesce. 
Thirty-five  grs.  of  the  acid  suffices  to  neutralise  50  grs.  of  potassium 
bicarbonate,  or  42  grs.  of  the  corresponding  sodium  salt.  Citric  and 
tartaric  acids  are  also  ingredients  of  various  granular  effervescent  pre- 
parations. 

TARTARIC  ACID  (B.P.  and  U.S.P.). — No  less  than  four  dibasic  acids, 
having  the  same  formula,  are  known.  They  differ  in  their  effects  upon 
the  polarised  ray,  one  being  dextrorotatory,  one  laevorotatory,  and  two 
optically  inactive.  The  ordinary  tartaric  acid  is  the  dextrorotatory  form. 
It  has  a  very  wide  distribution  in  the  vegetable  world. 
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It  has  an  irritant  action  upon  mucous  membranes,  and  when  taken 
internally  in  concentrated  solution  and  in  large  doses  it  acts  as  an  irritant 
poison,  and  may  even  set  up  fatal  gastro-enteritis.  Free  tartaric  acid  is 
not  often  prescribed  as  such,  but  it  is  employed  in  the  preparation  of  the 
granular  effervescent  citro-tartarates,  and  is  a  constituent  of  Pilula  Quininaj 
Sulphatis  (B.P.). 

ACETIC  ACID. — The  British  and  United  States  Pharmacopeias  both 
have  an  Aciduin  Aceticum,  an  Acidum  Aceticum  Dilutum,  and  an  Acidum 
Aceticum  Glaciale.  Vinegar  is  diluted  acetic  acid.  Glacial  acetic  acid, 
which  is  the  acid  in  a  nearly  absolute  condition,  exerts  a  powerful  escharotic 
action,  and  internally  acts  as  a  corrosive  poison.  In  more  dilute  condition 
it  acts  as  an  astringent  to  the  skin,  and  it  may  be  employed  as  a  weak 
hiumostatic.  It  forms  a  useful  application  in  cases  of  ringworm  situated 
elsewhere  than  upon  the  hairy  scalp.  In  still  more  dilute  condition,  acetic 
acid,  or  vinegar,  may  be  sponged  over  the  skin  in  order  to  lower  tempera- 
ture or  to  check  excessive  sweating. 

Except  in  the  form  of  vinegar,  acetic  acid,  as  such,  is  seldom  taken 
internally,  but  the  dilute  acid  of  the  British  or  United  States  Pharma- 
copoeias may  be  prescribed  in  doses  of  \  to  2  fluid  drms.  It  is  a  con- 
stituent of  a  variety  of  official  preparations,  such  as  Oxymel,  Oxymel 
Scillae,  and  the  preparations  known  as  Acetum  Scilhe,  Acetum  Cautharadis, 
and  Acetum  Ipecacuanhse. 

LACTIC  ACID  (B.P.  and  U.S.P.). — The  lactic  acid  used  in  medicine  is 
the  product  of  the  fermentation  of  lactose,  and  is  on  this  account  often 
called  "  fermentation  lactic  acid,"  to  distinguish  it  from  the  isomeric  sarco- 
lactic  acid.  The  Acidum  Lacticum  of  both  the  British  and  United  States 
Pharmacopoeias  is  a  75  per  cent,  watery  solution. 

It  is  sometimes  used  in  a  dilute  form  (1  part  to  4  of  water)  as  a  local 
application  to  the  throat  in  cases  of  diphtheria,  and  it  has  gained  a  con- 
siderable reputation  for  the  local  treatment  of  tuberculous  disease  of  the 
larynx  and  of  tuberculous  ulceration  of  the  tongue  and  pharynx.  For  this 
purpose  solutions  of  gradually  increasing  strength  are  usually  employed, 
commencing  with  50  per  cent,  of  the  acid  diluted  with  equal  parts  of 
glycerin  and  water.  The  acid  is  applied  by  means  of  a  brush  to  the 
affected  parts. 

Internally,  lactic  acid  is  occasionally  employed  in  the  treatment  of 
dyspepsia,  in  doses  of  £  to  2  drms.  of  the  dilute  acid  (3  oz.  of  lactic  acid 
to  a  pint  of  water),  but  in  such  cases  hydrochloric  acid  is  usually  pre- 
ferred. At  one  time  it  was  somewhat  extensively  used  in  the  treatment 
of  diabetes,  and  considerable  success  has  been  claimed  for  this  plan  of 
treatment. 

In  some  cases  the  internal  administration  of  lactic  acid  has  been 
attended  by  the  production  of  "  rheumatic  "  pains  in  the  joints  and  limbs, 
and  this  fact  has  been  quoted  as  favouring  the  view  that  lactic  acid  is  the 
specific  poison  of  acute  rheumatism,  a  view  which  now  has  very  few 
supporters.  The  most  remarkable  cases  of  the  kind  were  those  recorded 
by  Sir  Walter  Foster,  in  one  of  which  the  administration  of  this  drug  to  a 
diabetic  man  was  on  no  less  than  three  separate  occasions  followed  by  the 
supervention  of  acute  articular  pains,  which  quickly  subsided  when  the 
lactic  acid  was  discontinued. 

Although  an  organic  acid  of  the  fatty  series,  lactic  acid  is  not  very 
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readily  oxidised  in  the  circulation,  and  it  has  been  given  with  a  view  to 
increasing  the  acidity  or  diminishing  the  alkalinity  of  the  urine. 

Some  salts  of  lactic  acid  are  employed  in  medicine.  The  strontium  salt 
is  described  on  p.  353 ;  and  hypnotic  properties  have  been  claimed  for 
sodium  lactate,  which  does  not,  however,  appear  to  possess  any  potent  sleep- 
producing  powers. 
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IKON. 

(B.P.    AND    U.S. P.) 

Pharmacology. — Minute  quantities  of  iron  are  contained  in  most 
vegetable  and  animal  tissues,  as  the  rnetal  seems  to  be  essential  to  healthy 
metabolism  in  all  the  higher  forms  of  life.  Plants  absorb  it  as  inorganic 
iron  compounds  from  soil  and  water,  and  convert  it  into  complex  organic 
bodies,  while  mammalia  obtain  these  ready  made  from  vegetables  and  from 
eating  each  other.  Under  ordinary  conditions  the  iron  required  for  the 
maintenance  of  the  human  body  is  sufficiently  provided  by  the  food,  and 
amounts  to  from  6  to  10  mgrms.  (about  Jy  to  ^  gr.)  per  day.  In  vertebrates 
the  greater  part  of  the  iron  is  contained  in  the  hct-moglobin  of  the  red  blood 
corpuscles,  a  complex  organic  compound  which  serves  as  an  oxygen-carrier, 
and  the  iron  of  which  is  so  firmly  combined  that  it  cannot  be  separated  by 
treatment  with  ammonium  sulphide.  Healthy  human  blood  contains 
between  12  and  13  per  cent,  hternoglobin,  and  hemoglobin  about  0'34  per 
cent,  of  iron.  The  total  amount  of  iron  in  the  body  of  a  healthy  human 
adult  equals  about  38  grs.  (2'5  gnus.),  and  of  this  about  2  to  5  grs.  is 
stored  in  the  liver  cells,  very  minute  traces  are  present  in  other  organs 
and  tissues,  and  the  remainder,  or  great  bulk  of  it,  goes  to  form  the  hiemo- 
globin.  In  certain  cephalopods  and  crustaceans  copper  holds  the  position 
which  iron  has  in  the  blood  of  vertebrates.  It  is  present  as  a  compound 
with  albumin,  which  carries  oxygen  to  the  tissues,  and  is  blue  when 
oxidised  and  colourless  when  deoxidised. 

Local. — The  numerous  preparations  and  compounds  of  iron  vary  greatly 
in  their  local  action,  according  as  they  are  soluble  or  insoluble,  ferrous  or 
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ferric,  combined  with  a  strong  or  a  weak  acid,  or  contain  alkaline  or 
albuminous  constituents  in  addition  to  the  iron.  The  insoluble  compounds 
have  no  apparent  action  on  the  skin  or  mucous  membranes,  if  the  secretions 
do  not  dissolve  them  or  convert  them  into  more  active  salts.  Hence, 
in  the  mouth  they  have  no  taste,  and  act  locally  on  the  stomach  and  in- 
testine only  in  so  far  as  they  are  changed  into  soluble  compounds.  The 
double  salts  and  combinations  with  albuminous  bodies  also  exercise  little 
astringent  or  irritating  effects,  as  the  chemical  affinities  of  the  iron  are 
satisfied,  and  hence  it  does  not  tend  to  affect  the  tissues  by  entering  into  com- 
bination with  them.  Ferrous  salts  combine  with  albumin,  gelatin,  and  the 
blood  albumins,  but  the  resulting  combinations  are  soluble,  and  hence  they 
do  not  precipitate,  nor  is  there  much  local  irritation  caused.  On  the  other 
hand,  the  soluble  ferric  salts,  especially  those  containing  strong  mineral 
acids,  powerfully  precipitate  albumin  and  form  coagula  with  blood,  and 
in  consequence  are  irritant,  astringent,  and  styptic.  Strong  solutions  are 
caustic.  Iron  salts  are  not  absorbed  through  the  skin,  nor  do  they  destroy 
the  skin,  but  on  denuded  surfaces  and  mucous  membranes  an  irritant  or 
destructive  action  is  readily  exercised.  Solutions  of  ferrous  and  ferric 
salts  act  as  antiseptics,  germicides,  and  disinfectants,  according  to  their 
strength,  and  at  the  same  time  are  deodorant,  as  they  not  only  stop 
putrefaction,  but  neutralise  the  sulphuretted  hydrogen  and  ammonium 
sulphide  which  are  given  off  from  decaying  matter. 

Internal. — Alimentary  canal. — In  the  mouth,  according  to  their  strength, 
solubility,  and  the  particular  salt,  solutions  produce  a  chalybeate,  astringent, 
metallic  taste,  most  pronounced  in  the  case  of  the  persalts,  and  least  so 
in  the  case  of  the  insoluble  and  albuminous  compounds.  Theoretically,  these 
latter  should  be  tasteless,  but  they  very  seldom  are  so.  The  milder  prepara- 
tions, or  dilute  solutions  of  the  stronger  ones,  exercise  an  astringent  effect  on 
the  gastric  mucous  membrane,  but  in  cases  of  irritability  of  the  stomach,  or 
on  using  too  strong  solutions,  pain,  nausea,  and  other  symptoms  of  irritation 
are  apt  to  be  produced.  Very  strong  solutions  are,  like  the  other  heavy 
metals,  capable  of  causing  severe  gastro-enteritis,  with  vomiting,  diarrhoea, 
and  collapse.  With  medicinal  doses  the  secretions  of  the  alimentary  canal 
tend  to  be  diminished,  and  constipation  results,  with  hard,  dry  stools.  In 
the  bowel  a  certain  degree  of  antiseptic  action  is  exercised.  When  iron  is 
taken  by  the  mouth  the  fseces  are  blackened,  chiefly  from  the  formation  of 
ferrous  sulphide,  but  some  tannate  is  also  usually  present  as  well. 

In  the  stomach  the  symptoms  of  indigestion  (pain,  hyperacidity,  etc.), 
not  infrequently  caused  by  medicinal  doses  of  iron,  are  due  to  its  local 
irritant  effect  rather  than  to  any  interference  with  the  chemical  processes 
of  peptic  digestion.  Experiments  conducted  o'utside  the  body  led  Petit  to 
the  conclusion  that  small  doses  do  not  hinder  peptic  digestion,  while  large 
doses  only  do  so  by  combining  with  the  hydrochloric  acid  of  the  gastric 
juice.  Diisterhoff,  experimenting  in  the  same  way  with  artificial  gastric 
juice,  found  ferrous  salts  less  hurtful  than  ferric,  and  Ferrum  Eedactum, 
ferrous  phosphate,  and  insoluble  preparations  generally  to  have  no  re- 
tarding effect.  Bubnow  has  confirmed  these  observations,  finding  that 
small  amounts  of  iron  preparations  are  innocuous,  while  larger  amounts 
slow  digestion  without  altering  it  in  any  way.  He  also  found  that  pan- 
creatic digestion  outside  the  body  is  only  slightly  affected  by  a  com- 
paratively large  addition  of  soluble  iron  compounds,  which  at  the  same 
time  lessen  the  amount  of  the  decomposition  products. 

In  the  stomach  and  intestinal  canal  ferric  salts  become  gradually  re- 
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duced  to  ferrous,  until  in  the  fteces  mere  traces  of  the  former  can  be  found, 
the  great  bulk  of  the  iron  being  in  the  form  of  ferrous  sulphide  (Eabuteau, 
Cervello,  Bubnow). 

Circulatory  organs. — From  our  present  knowledge  of  the  conditions  under 
which  iron  is  found  in  the  body,  and  the  very  small  amount  which  is  absorbed, 
it  seems  highly  improbable  that  it  exerts  any  direct  effect  on  the  circulatory 
or  other  great  systems.  In  health,  when  the  corpuscles  and  hyenioglobin  are 
in  normal  amount,  the  administration  of  iron  does  not  augment  either  in 
any  recognisable  degree.  The  prolonged  use  of  iron,  or  its  administration 
to  plethoric  subjects,  are  stated  to  cause  feelings  of  heat,  palpitation,  and  a 
tendency  to  congestion  and  haemorrhage.  In  phthisis,  also,  it  has  been 
supposed  to  encourage  haemorrhage ;  but  all  these  symptoms,  when  they 
do  occur,  are  attributable  rather  to  constipation  and  digestive  disturbances 
caused  by  the  iron,  than  to  any  direct  action.  Pokrowsky  states  that  it 
raises  the  temperature,  but  his  observations  were  made  on  sick  persons, 
and  are  very  much  open  to  objections.  As  a  matter  of  fact,  iron  is  so 
often  given  to  patients,  that  any  effect  on  the  temperature  must  have 
attracted  attention  long  ago.  Further,  in  many  districts  the  inhabitants 
habitually  drink  chalybeate  water  without  suffering  inconvenience. 

Absorption. — The  question  of  the  absorption  of  iron  has  given  rise  to  a 
great  deal  of  controversy.  In  the  stomach  the  changes  which  take  place 
must  vary  somewhat  with  the  preparation  administered,  and  the  sub- 
stances which  it  encounters;  probably  in  every  case  a  certain  amount  of 
ferrous  chloride  is  formed  by  the  hydrochloric  acid,  and  a  certain  amount 
enters  into  combination  with  albuminous  and  other  bodies  present,  while 
a  part  may  escape  unaltered.  In  the  duodenum  the  alkaline  bile  and 
pancreatic  juice  will  convert  these  partially  or  wholly  into  carbonate  and 
hydroxide,  while  in  the  bowel  generally  there  is  a  gradual  conversion  of 
the  whole  into  ferrous  sulphide.  It  is  probable,  however,  that  these  changes 
take  place  comparatively  slowly,  as  the  more  astringent  preparations, 
such  as  the  perchloride  or  pernitrate,  exercise  on  the  bowel  a  much  more 
marked  effect  than  the  milder  preparations,  and  this  can  only  be  accounted 
for  by  assuming  that  they  pass  down  the  intestine  partially  unaltered. 
However  this  may  be,  it  seems  certain  that  iron  can  be  absorbed  in  any 
form,  provided  it  is  in  solution  or  very  finely  divided.  Absorption  takes 
place  in  the  duodenum  and  upper  part  of  the  jejunum  by  way  of  the 
epithelium  cells  of  the  villi,  which  absorb  the  iron  and  pass  it  on  to  the 
leucocytes,  which  eventually  carry  it  into  the  blood  circulation,  probably 
for  the  most  part  directly  rather  than  through  the  thoracic  duct.  Its 
absorption  by  the  intestinal  epithelium  and  white  blood  corpuscles  has  now 
been  traced,  by  the  use  of  staining  agents,  both  in  man  and  animals  (Hall, 
Macallum,  Hofmann).  The  iron  lies  in  the  protoplasm  of  the  cells  in  very 
minute  particles,  which  can  be  stained  and  rendered  visible  by  ammonium 
sulphide  or  haematoxylin.  The  absorption  of  inorganic  preparations  of 
iron  has  also  been  proved  in  other  ways.  For  example,  Coppola  fed  cocks 
on  a  diet  containing  no  iron,  and  found  that  their  haemoglobin  rapidly 
diminished  in  quantity,  but  went  up  again  as  soon  as  he  added  ferrous 
lactate  to  their  food.  Kunkel  and  others  find  that  of  animals  fed  on  a 
similar  diet,  those  which  receive  iron  salts  in  addition  have  more  iron  in 
their  bodies  than  those  which  do  not,  while  Lewald  and  Bistrow  both  found 
that  the  administration  of  iron  salts  to  goats  greatly  increased  the  proportion 
of  the  metal  in  their  milk.  After  being  absorbed  from  the  bowel,  the  greater 
part  of  the  iron  is  first  carried  to  the  spleen  by  leucocytes,  which  gather 
24 
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round  the  blood  vessels  and  transfer  a  very  small  portion  of  it  to  the  pulp 
cells.  Later,  the  leucocytes  carry  it  to  the  liver,  where  it  is  taken  into  the 
hepatic  cells,  in  which  it  lies  in  innumerable  small  particles.  The  liver 
serves  as  the  storehouse  for  iron  in  the  body,  and  there  it  is  worked  up  into 
various  synthetic  combinations  with  albumin.  According  to  Zaleski,  some 
of  these  are  much  more  complex  than  others,  the  iron  of  the  latter  being 
readily  separated  out  by  treatment  with  ammonium  sulphide,  but  not  that 
of  the  former.  One  of  the  more  complex  of  these  bodies  has  been  isolated 
and  named  ferratin  (Schmiedeberg),  and  they  are  undoubtedly  the  precursors 
of  the  more  complex  hemoglobin.  Whether  haemoglobin  is  manufactured 
in  the  liver  is  not  known,  but  there  is  no  doubt  that  these  organic  iron 
compounds  stored  in  the  liver  cells  supply  to  the  bone-marrow  the  iron 
necessary  for  the  red  blood  corpuscles.  When  inorganic  iron  is  given  by 
the  mouth  even  in  large  dose,  the  amount  absorbed  must  be  very  small, 
probably  not  more  than  a  mere  fraction  of  a  grain  per  day.  It  is  impossible 
to  determine  the  amount,  owing  to  the  fact  that  iron  is  excreted  into  the 
bowel  from  the  body,  and  that  the  food  and  all  the  tissues  contain  it. 
Iron  is  also  absorbed  and  utilised  when  it  is  given  subcutaneously,  or 
per  rectum  (Chalhoub),  or  even  injected  into  the  peritoneum  (Vachetta). 

Excretion. —  The  mode  of  excretion  of  iron  from  the  body  has  now  been 
definitely  determined  as  the  result  of  numerous  researches,  and  can  be  stated 
accurately.  In  health  the  amount  of  iron  excreted  in  the  urine  averages 
1  mgrin.  (^L  gr.)  per  twenty-four  hours  (Damaskin,  Stockman,  and  others), 
the  amount  in  the  bile,  pancreatic  juice,  and  other  secretions  is  also 
minimal  (Gottlieb,  Anselm,  Voit),  and  in  no  case  is  it  increased  by  giving 
inorganic  iron  preparations  by  the  mouth.  On  the  other  hand,  as  a 
physiological  process  under  normal  conditions,  and  when  iron  is  given 
subcutaneously  or  otherwise,  the  excess  is  got  rid  of  by  excretion  through 
the  epithelial  cells  of  the  large  intestine  (Mayer  and  many  other  observers), 
and  passes  out  with  the  faces.  It  is  present  in  the  secretions  as  an  organic 
combination. 

Other  theories  have  been  held  regarding  the  mode  of  action  and  absorption 
of  iron,  to  which  it  is  now  hardly  necessary  to  do  more  than  shortly  refer  in 
passing.  As  long  ago  as  1824,  Wdhler  observed  that  the  administration  of 
iron  by  the  mouth  did  not  increase  the  amount  in  the  urine,  and  concluded 
that  it  was  not  absorbed,  a  view  which  has  been  held  by  many  authorities 
since.  It  was  therefore  supposed  to  exercise  its  undoubtedly  curative  effect 
in  anaemia  by  stimulating  and  toning  up  the  gastro-intestinal  mucous 
membrane,  thus  enabling  the  organic  iron  of  the  food  to  be  satisfactorily 
absorbed.  Kletzinsky  went  so  far  as  to  say,  "  from  all  the  hundredweights 
of  iron  given  to  amemics  and  chlorotics  during  centuries,  not  a  single 
blood  corpuscle  has  been  formed."  Apart  from  the  direct  result  of 
observation  and  experiment,  as  previously  described,  this  view  is  negatived 
by  the  fact  that  iron  has  not  this  powerful  tonic  effect  on  digestion,  that 
other  tonics  have  no  specific  effect  in  anaemia,  and  that  mere  improvement 
in  digestion  does  not  exercise  the  immediate  and  striking  beneficial  action 
of  iron  in  certain  forms  of  ansemia. 

More  lately  Bunge  has  amplified  a  theory  of  the  action  of  iron,  put  forward 
long  previously  by  Hannon  and  Kletzinsky.  He  holds  that  the  ordinary 
medicinal  preparations  of  iron  cannot  be  absorbed ;  further,  that  it  is  only 
the  organic  iron  of  the  food  which  can  be  utilised  to  form  haemoglobin ;  and 
he  explains  the  cure  of  chlorosis  by  the  former  as  follows : — In  chlorosis, 
digestion  is  disturbed  with  formation  of  sulphuretted  hydrogen  and  alkaline 


THE  RAPE  UTICS.  3  7 1 

sulphides  in  the  bowel.  These  combine  with  and  separate  out  the  organic 
iron  of  the  food  as  ferrous  sulphide, — a  compound  which,  according  to  his 
view,  cannot  be  absorbed,  hence  the  blood  loses  its  necessary  supply  of  iron, 
and  anaemia  results.  When  inorganic  iron  is  given,  however,  it  combines 
with  and  neutralises  the  sulphides,  and  thus  protects  the  organic  iron  of 
the  food,  which  therefore  becomes  absorbed,  and  goes  to  form  haemoglobin. 
Apart  from  the  fact  that  it  has  been  proved  that  there  is  no  excess  of 
sulphides  in  the  bowel  in  chlorosis,  I  have  shown  that  ferrous  sulphide 
cures  chlorosis  perfectly  satisfactorily,  and  therefore  can  be  absorbed ;  that 
the  subcutaneous  injection  of  iron,  where  there  can  be  no  question  of  its 
neutralising  sulphides  in  the  alimentary  canal,  is  also  curative ;  and  that 
the  administration  by  the  mouth  of  bismuth  and  manganese,  which  are 
quite  capable  of  neutralising  sulphides  in  the  bowel,  have  no  effect  in 
curing  cases  of  chlorosis. 

Toxicology. — When  iron  is  injected  into  a  vein  or  given  subcutaneously, 
it  is  a  very  active  poison.  Meyer  and  Williams,  using  the  tartrate  of  iron 
and  sodium,  found  that  in  animals  it  caused  paralysis  of  the  central  nervous 
system,  and  vomiting  and  diarrhoea  from  its  effects  on  the  stomach  and  bowel. 
The  voluntary  muscles  and  nerve  trunks  were  little  affected.  Kobert 
states  that  it  is  very  apt  to  cause  acute  nephritis,  and  fatty  degeneration 
of  the  viscera  generally.  When  given  by  a  vein  or  subcutaneously,  it  is 
excreted  by  the  kidney  and  bowel,  but  a  large  proportion  is  deposited  in 
the  liver,  spleen,  and  kidney,  and  is  only  slowly  got  rid  of  (Jacobi). 

Therapeutics. — External. — Locally,  it  is  chiefly  the  persalts  of  iron 
which  are  employed,  as  astringents,  styptics,  and  disinfectants.  Ferric 
chloride  is  most  used  in  this  way ;  the  salt  itself  is  official  (U.S.P.),  and 
there  is  a  Liquor  Ferri  Perchloridi  Fortis  (B.P.),  Liquor  Ferri  Per- 
chloridi  (B.P.),  Tinctura  Ferri  Perchloridi  (B.P.  and  U.S.P.),  and  a 
Liquor  Ferri  Chloridi  (U.S.P.).  There  is  a  Liquor  Ferri  Persulphatis 
(B.P.),  Liquor  Ferri  Tersulphatis  (U.S.P.),  and  there  is  a  Liquor  Ferri 
Subsulphatis  (U.S.P.),  known  as  MonseFs  solution.  There  is  a  Liquor 
Ferri  Pernitratis  (B.P.),  and  Liquor  Ferri  Nitratis  (U.S.P.).  In  both  phar- 
macopoeias there  is  a  solution  of  ferric  acetate.  Solutions  of  the  pernitrate, 
persulphate,  or  perchloride,  mixed  with  glycerin,  are  sometimes  applied  in 
pharyngeal  catarrh,  in  diphtheria,  and  in  thrush,  but  have  the  disadvantages 
of  an  unpleasant  taste  and  of  staining  the  teeth.  In  oozing  from  the 
gums,  bleeding  from  the  socket  of  a  drawn  tooth,  from  the  rectum,  from 
the  nose,  or,  in  short,  from  any  part,  or  under  any  circumstances  where 
the  vessel  cannot  be  secured  and  tied,  lint  or  cotton  wool  soaked  in  these 
solutions  acts  most  efficiently  as  a  styptic.  Numerous  coagula  form,  and 
give  the  parts  a  dirty  appearance,  and  hinder  the  bleeding  point  being 
easily  found  should  the  haemorrhage  not  cease.  The  application  of  persalts 
of  iron  has,  however,  often  proved  of  value  even  in  very  serious  bleeding. 
The  injection  of  a  solution,  without  plugging,  is  often  quite  sufficient,  as 
in  rectal,  vaginal,  or  uterine  haemorrhage  (about  1  part  of  the  Tinctura  or 
Liquor  Ferri  Perchloridi  to  2  parts  of  water).  The  injection  of  such  strong 
styptics  into  the  uterine  cavity  to  stop  post-partum  haemorrhage  is  con- 
demned by  the  best  opinion,  owing  to  the  increased  risk  of  embolism  and 
septicaemia.  Ha^matemesis  may  be  treated  by  frequently  giving  by  the 
mouth  \  drm.  of  Liquor  Ferri  Perchloridi  with  1  drm.  of  glycerin. 

In  thread  worms  the  addition  of  2  drms.  Liquor  Ferri  Perchloridi  to 
\  pint  of  infusion  of  quassia  often  proves  a  very  effective  mixture  for  in- 
jection. Crude  ferrous  sulphate  is  used  for  disinfecting  and  deodorising 
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stools  and  latriues,  10  Ib.  of  it  being  required  for  each  hundred  cubic  feet 
of  such  sewage. 

Internal. — Internally,  the  most  important  application  of  iron  is  in 
chlorosis  and  certain  forms  of  amemia.  In  chlorosis  there  is  a  deficiency  of 
haemoglobin  always,  and  usually  a  deficiency  in  the  number  of  red  blood 
corpuscles.  The  former  may  vary  from  25  to  60  per  cent,  of  the  normal, 
while  the  latter  most  commonly  do  not  exceed  3  to  4  millions  per  c.mm.  of 
blood.  This  state  of  affairs  has  been  attributed  by  authors  to  many  and 
very  diverse  causes,  but  my  own  observations  have  led  me  to  the  conclusion 
that  an  insufficient  quantity  of  food  and  sometimes  excessive  menstrual 
loss  are  the  main  factors,  these  leading  to  deficient  intake  or  excessive 
output  of  iron.  The  average  amount  of  iron  in  a  healthy  woman's  daily 
dietary  is  only  6  to  8  mgrms.  (^T  to  £  gr.),  and  as  this  just  about  equals 
the  daily  excretion,  it  leaves  an  extremely  small  margin  to  come  and  go 
upon.  In  patients  with  chlorosis  and  poor  appetite  the  amo\mt  is  much 
less,  and  the  liver  and  body  generally  gradually  become  depleted  of  iron, 
the  haemoglobin  being  the  tissue  which  suffers  most.  It  consequently  is 
incapable  of  providing  sufficient  oxygen  for  the  needs  of  the  body,  and 
hence  such  symptoms  as  breathlessness,  heart-weakness,  and  oedema.  The 
chief  remedial  measure  is  the  administration  of  iron,  which,  however,  is 
usually  combined  with  such  other  measures  as  may  be  deemed  advisable 
in  individual  cases.  There  is  often  considerable  gastric  dyspepsia  and 
constipation,  and  although  treatment  of  these  is  not  to  be  neglected,  they 
never  contra-indicate  the  immediate  commencement  of  iron  administration. 
Any  of  the  ordinarily  used  preparations  give  good  results,  and  as  regards 
iron  merely,  one  cannot  be  said  to  be  better  than  another.  The  choice  is  to 
be  guided  by  the  condition  of  the  gastro-intestinal  tract.  As  a  rule,  the 
insoluble  unirritating  preparations,  such  as  reduced  iron,  the  saccharated 
carbonate  (B.P.  and  U.S.P.), — dose,  10  to  30  grs., — and  Blaud's  pill,  are  best 
borne.  This  pill,  made  with  ferrous  sulphate  and  sodium  carbonate, 
contains  ferrous  carbonate.  It  is  called  Pilula  Ferri  (B.P.)  and  Pilula  Ferri 
Carbonatis  (U.S.P.).  Five  grs.  of  the  pill  contain  1  gr.  of  ferrous  carbonate. 
The  scale  preparations,  namely,  Ferrum  Tartaratum  (B.P.),  Ferri  et  Ammonii 
Citras  (B.P.  and  U.S.P.),  and  Ferri  et  Quininge  Citras  (B.P.  and  U.S.P.),— 
dose  of  all,  5  to  10  grs., — and  certain  of  the  (unofficial)  albuminous  com- 
pounds, are  also  unirritating.  In  conditions  of  gastric  catarrh  or  diarrhoea 
the  tincture  of  the  perchloride  or  the  sulphate,  well  diluted,  are  strongly 
advised  by  some  physicians.  As  a  rule  I  generally  give  1  or  2  grs.  of 
reduced  iron,  made  into  a  small  pill  with  extract  of  gentian,  to  be 
taken  twice  or  thrice  daily  after  food.  A  very  frequent  practice  is  to 
give  large  quantities  of  iron, — as  many  as  from  nine  to  fifteen  Blaud's 
pills  per  day, — as  the  opinion  is  widely  held  that  under  these  recovery 
takes  place  more  quickly  than  with  small  doses.  In  any  case  the  amount 
actually  absorbed  is  very  small,  although  it  is  probably  larger  with  the 
large  doses.  My  experience,  however,  is  that  such  large  doses  do  not 
hasten  recovery,  and  they  certainly  often  have  the  disadvantage  of 
greatly  deranging  the  stomach  and  bowels.  The  iron  supplies  the 
necessary  material  for  the  formation  of  new  haemoglobin,  and  also 
stimulates  the  formation  of  red  corpuscles,  most  probably  not  by  any 
direct  action  on  the  bone-marrow,  but  rather  by  supplying  a  sufficiency 
of  the  necessary  material.  Under  its  influence  cure  takes  place  very 
rapidly.  In  four  days  there  is  usually  an  increase  in  the  number  of 
red  corpuscles,  and  in  three  or  four  weeks  they  have  attained  their 
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normal  limit.  The  regeneration  of  the  haemoglobin  goes  on  more  slowly, 
and  treatment  should  always  be  continued  for  eight  or  ten  weeks,  because 
comparatively  little  iron  is  absorbed,  and  hence  the  corpuscles  formed 
during  the  aniemic  state,  and  during  early  recovery,  are  poor  in  haemoglobin ; 
they  disappear  slowly  from  the  circulation,  and  are  only  gradually  replaced 
by  normal  ones.  As  the  blood  condition  improves,  the  other  symptoms  dis- 
appear. Constipation  is  sometimes  very  troublesome,  and  may  be  increased 
by  the  iron.  If  a  purgative  is  required,  a  pill  of  aloes  and  belladonna  is 
usually  satisfactory,  but  if  there  be  any  tendency  to  menorrhagia  it  is 
better  to  use  compound  rhubarb  powder  or  salines.  To  prevent  relapses, 
reliance  should  be  placed  on  the  cultivation  of  a  habitually  good  appetite 
and  digestion,  with  healthy  surroundings,  rather  than  on  the  constant 
taking  of  iron. 

In  antenna  due  to  blood  loss,  recovery  takes  place  without  iron,  but  it 
is  slow,  and  Eger  has  shown  that  the  addition  of  inorganic  iron  hastens 
the  blood  regeneration.  In  the  poverty  of  blood  which  follows  acute 
rheumatism,  influenza,  and  other  acute  diseases,  or  which  accompanies 
leucorrhoea  and  many  chronic  illnesses,  iron  does  good  service  as  a  blood 
and  general  tonic.  The  general  tonic  effect  follows  on  the  improvement 
in  the  blood,  and  is  directly  a  consequence  of  it,  as  the  digestive  and  other 
functions  go  on  better,  and  the  nervous  system  is  more  vigorous  under  a 
good  supply  of  blood  and  oxygen.  It  is  quite  possible,  however,  that  iron 
is  an  integral  part  of  all  cells,  and  that  they  only  perform  their  functions 
vigorously  when  there  is  an  abundant  supply  of  it.  It  is  from  this  general 
tonic  effect  that  its  value  is  derived  in  malaria,  syphilis,  lardaceous  disease, 
and  other  chronic  cachectic  conditions,  as  it  cannot  be  supposed  to  exercise 
any  specific  effect. 

In  lupus,  scrofula,  and  other  tuberculous  conditions,  the  syrup  of  the 
iodide  is  very  often  given  in  preference  to  other  preparations  of  iron, 
with  the  view  of  obtaining  the  iodine  action  in  addition.  In  pulmonary 
tubercle  the  administration  of  iron  is  supposed  by  many  authorities  to 
do  harm,  by  increasing  the  local  progress  of  the  disease  and  encouraging 
any  chance  of  haemorrhage.  It  is  difficult  to  see  how  iron  can  possibly 
have  the  first-mentioned  effect,  and  my  own  clinical  experience  is  against 
it ;  nor  can  it  directly  increase  the  risk  of  haemoptysis,  but  only  indirectly 
and  if  it  be  allowed  to  cause  constipation.  The  haemoglobin  and  red 
blood  discs  are  usually  normal,  or  at  least  nearly  so,  in  phthisis,  and  hence 
any  tonic  action  from  iron  is  seldom  very  apparent. 

In  Bright's  disease  and  in  heart  disease  the  administration  of  iron  is 
often  called  for,  but  only  when  the  condition  of  poverty  of  blood  indicates 
that  its  specific  effect  as  a  haematinic  is  desirable.  It  neither  lessens  the 
excretion  of  albumin,  nor  exercises  any  effect  on  the  heart  except  in- 
directly. 

In  pernicious  anaemia  the  general  opinion  is  that  iron  is  valueless.  A 
few  cases  seem,  however,  to  have  recovered  permanently  under  its  use ; 
but  the  blood  condition  is  in  all  cases  merely  a  symptom  of  a  deeper 
underlying  cause,  which  is  not  touched  by  iron,  and  which  generally 
proves  fatal  in  spite  of  most  forms  of  treatment.  The  anaemia  of  lymph- 
adenoma,  rickets,  leukaemia,  and  some  other  conditions  remain,  for  similar 
reasons,  unaffected  by  iron. 

In  neuralgia  occurring  in  the  anaemic,  and  in  amenorrhoea  from  similar 
causes,  iron  is  very  beneficial.  In  chronic  diarrhoea  the  solutions  of  the 
perchloride  or  pernitrate  exert  a  powerful  astringent  effect. 
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Iron  is  credited  with  having  a  remote  astringent  action  in  bleeding 
from  the  lungs,  uterus,  and  kidneys,  and  in  chronic  mucous  discharges,  but 
this  view  cannot  be  sustained.  It  has  also  been  given  in  very  large  doses 
in  erysipelas  and  diphtheria,  with  very  doubtful  benefit. 

Iron  should  be  given  after  meals,  as  it  does  not  then  tend  to  irritate 
the  stomach  so  much.  The  soluble  preparations  are  incompatible  with 
alkalies,  alkaline  earths,  and  their  carbonates,  and  with  tannin.  As  a 
general  rule  the  least  irritating  compounds  agree  best,  and  for  children 
the  syrup  of  the  phosphate  (B.P.)  or  the  Syrupus  Hypophosphitum  cum 
Ferro  (U.S.P.)  are  most  easily  taken.  Easton's  syrup  (official  in  B.P.  and 
U.S.P.  as  syrup  of  phosphate  of  iron  with  quinine  and  strychnine)  and  a 
complicated  preparation  known  as  Parrish's  or  Squire's  chemical  food  are 
very  popular.  There  are  several  phosphates  of  iron,  but  their  action  is 
the  same  as  that  of  any  unirritating  preparation  of  iron.  When  very 
large  doses  of  iron  are  taken,  concretions  of  ferrous  sulphide  have  some- 
times formed  in  the  intestine  and  caused  obstruction  (Bentlif,  Strahan). 

Blood,  haemoglobin,  and  preparations  made  from  them,  have  all  been 
used  in  anaemia.  The  two  first  are  difficult  to  digest,  and  in  practice  do 
not  act  well,  while  the  last  are,  so  far  as  I  have  tested  them,  very  inefficient. 
A  very  large  number  of  albuminates  and  peptonates  are  on  the  market, 
made  in  different  ways,  and  containing  very  different  amounts  of  iron. 
These  present  no  advantages  over  the  ordinary  pharmacopoeial  preparations. 
Various  iron  compounds  are  recommended  as  containing  the  metal  in 
organic  combination  as  it  exists  in  the  liver  or  in  haemoglobin.  It  is 
doubtful  if  this  is  actually  the  case,  but  their  action  is  certainly  not  so 
satisfactory  as  that  of  inorganic  compounds. 

Hypodermic  and  rectal  administration. — Iron  has  frequently  been 
administered  by  hypodermic  injection  for  the  cure  of  anaemia  since  1872, 
when  it  seems  to  have  been  first  employed  by  Eosenthal.  The  citrate  of 
iron,  citrate  of  iron  and  sodium,  dialysed  iron,  various  albuminates  and 
peptonates,  and  other  forms,  have  all  been  used,  and  always  with  success,  as 
regards  the  cure  of  chlorosis.  I  have  employed  the  citrate  of  iron,  citrate 
of  iron  and  sodium,  and  a  peptonate  of  iron,  giving  10  or  12  minims  for  a 
dose,  and  each  dose  containing  \  to  \  gr.  of  metallic  iron.  The  injection 
was  made  into  the  thick  tissues  of  the  back,  and  did  not  cause  pain 
if  the  solution  was  neutral.  It  often,  however,  left  some  hardness.  No 
thoroughly  satisfactory  preparation  for  hypodermic  use  has  yet  been  in- 
vented, and  I  have  never  found  treatment  of  chlorosis  in  this  way  to  be 
so  rapid  or  so  pleasant  as  when  the  iron  is  given  by  the  mouth. 

Chalhoub  has  given  the  chloropeptonate  by  the  rectum,  and  found 
it  very  efficient  in  anaemia.  He  prepares  it  by  adding  solution  of  the 
perchloride  to  peptone,  the  resulting  compound  being  soluble  and 
dialysable. 
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MANGANESE. 

MINUTE  traces  of  manganese  have  been  found  in  the  blood,  bones,  liver,  and 
other  tissues,  in  gall  stones,  and  in  the  urine  of  man  and  animals  (Millon, 
Kiche,  and  others).  These,  however,  are  derived  from  vegetable  food  or  from 
water,  which  in  turn  obtain  the  metal  from  the  soil.  When  present,  therefore, 
it  is  only  an  accidental  constituent  of  the  human  body,  and  is  in  no  way 
essential.  It  must  occur  very  rarely  in  the  blood  of  man,  as  Glenard 
examined  forty  different  samples  obtained  by  venesection,  and  found  it 
only  in  one  of  these.  Even  in  the  blood  of  a  manganese  miner  he  failed 
to  find  the  metal. 

Pharmacology.  —  Locally,  the  insoluble  compounds,  such  as  the 
binoxide  or  carbonate,  exercise  an  effect  only  in  so  far  as  they  are  dissolved 
in  the  secretions,  their  action  being  astringent.  Small  quantities  of 
soluble  salts,  such  as  the  sulphate,  are  also  astringent,  but  larger 
amounts  (30  to  60  grs.)  cause  vomiting,  gastro-intestinal  irritation, 
and  purging,  in  about  half  an  hour  or  more  after  being  swallowed.  As 
in  the  case  of  iron,  only  a  very  minute  quantity  is  absorbed  from 
the  alimentary  canal,  and  its  prolonged  administration  by  the  mouth 
in  animals  causes  no  constitutional  symptoms  nor  chronic  poisoning. 
Couper  has  reported  five  cases  of  muscular  paralysis,  with  salivation,  in 
manganese  workers :  there  was  no  colic  and  no  muscular  tremor ;  but  it  is 
questionable  whether  the  symptoms  were  due  to  manganese,  and  not  to 
some  other  metal  present  along  with  it,  as  no  other  cases  seem  to  have 
been  met  with. 

Kobert  found  that  the  citrate  of  manganese  and  sodium,  injected  intra- 
venously or  subcutaneously,  proves  extremely  poisonous.  In  frogs  its 
action  is  exerted  chiefly  on  the  central  nervous  system  and  heart,  the 
muscles  and  nerves  being  involved  also.  In  mammalia  large  doses  caused 
severe  epileptic  convulsions  and  speedy  death,  while  smaller  amounts  were 
followed  by  vomiting,  great  depression  of  the  spinal  cord,  sensory  and 
motor  paralysis,  bilious  urine  with  albumin  and  tube  casts,  depression  of 
the  vasomotor  centre,  heart  weakness,  and  death.  The  continuous  adminis- 
tration of  small  non-lethal  doses  by  these  channels  had  the  same  effects 
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as  iron,  namely,  vomiting,  slimy  diarrhoea,  jaundice,  and  inflammation  of 
the  liver  and  kidneys.  When  given  by  a  vein,  it  is  excreted  chiefly  into 
the  intestine  and  by  the  kidney.  Cahn  found  that  when  introduced  into 
the  blood  it  is  not  taken  up  by  the  red  corpuscles.  Nor  can  it  replace 
iron  in  vegetable  physiology,  for,  when  manganese  is  supplied  to  growing 
plants  instead  of  iron,  they  produce  pale,  sickly  leaves. 

Therapeutics. — The  physiological  actions  above  described  have 
little  bearing  on  the  clinical  applications  of  preparations  of  manganese. 
It  has  a  certain  amount  of  reputation  as  a  haematinic,  which  is  not  justified 
either  by  theory  or  experience.  Hannon,  Petrequin,  and  Burin  du 
Buisson  all  claim  that  it  is  an  essential  constituent  of  the  red  blood 
corpuscles  in  man,  and  that  its  administration  is  essential  for  complete 
recovery  in  cases  of  anaemia.  Broadbent  and  Strahan  have  also  stated 
that  it  has  some  value  in  anaemia  and  chlorosis.  These  authors  used  the 
sulphate,  chloride,  carbonate,  and  binoxide,  in  doses  of  \  to  3  or  4  grs.,  but 
their  results  are  mostly  vitiated  by  the  simultaneous  use  of  iron  or  other 
curative  measures.  When  using  manganese  sulphate  or  binoxide  alone, 
I  have  never  in  cases  of  chlorosis  seen  the  slightest  improvement  result, 
and  this  has  also  been  the  experience  of  Dowd  and  Hailes.  Manganese 
is  rarely  used  now  by  itself  as  a  haematinic,  but  certain  of  its  compounds 
are  sometimes  employed  as  adjuvant  to  iron,  the  efficacy  of  which  they  are 
supposed  to  increase.  The  evidence  all  points  to  its  possessing  no  curative 
value  in  anaemic  conditions. 

BLACK  OXIDE  OF  MANGANESE  (U.S.P.),  Mangani  Dioxidum,  is  not 
official  in  the  Pharmacopoeia  of  Great  Britain.  It  has  been  used  as  an 
emmenagogue,  and  in  diarrhoea,  but  has  had  no  conspicuous  success. 
Leared  and  Rogers  have  recommended  it  in  10  gr.  doses  before  meals  in 
gastralgia  and  pyrosis.  They  hold  that  it  is  superior  to  bismuth  in  such 
cases  ;  but,  while  admitting  that  it  has  much  the  same  effect,  various  trials 
have  led  me  to  prefer  the  latter. 

PERMANGANATE  OF  POTASSIUM  (B.P.  and  U.S.P.)  is  generally  used 
rather  for  its  oxidising  properties  than  for  any  specific  effect  of  the  metal. 
The  manganese  confers  on  it  an  astringent  action,  and  it  is  also  oxidis- 
ing, deodorising,  and  disinfectant.  In  the  mouth,  weak  solutions  have  a 
sweetish,  astringent  taste,  and  there  and  in  the  stomach  it  is  rapidly 
reduced  to  the  binoxide,  thereby  losing  its  special  oxidising  and  astringent 
properties.  In  substance  or  very  strong  solution  it  is  caustic  to  mucous 
membranes,  and  may  even  injure  the  skin.  When  swallowed  as  a  tablet 
or  pill,  it  often  produces,  in  consequence,  very  considerable  gastric  irritation 
and  pain.  The  dose  is  1  to  3  grs. ;  the  pill  is  best  made  with  kaolin  and 
soft  paraffin,  as  most  other  substances  tend  to  reduce  it. 

It  is  largely  used  as  a  mouth-wash  and  gargle,  and  as  a  lotion  in  leucor- 
rhoea,  gonorrhoea,  ozaena,  abscesses,  cystitis,  and  so  on.  In  such  cases 
4  grs.  to  the  pint  is  a  convenient  strength  to  use,  but  it  often  suffices 
simply  to  direct  that  the  solution  be  of  a  moderately  deep  pink  colour, 
which  is  equal  to  1  or  2  grs.  per  pint.  In  using  such  a  solution  to  wash 
out  the  stomach,  uterus,  bladder,  or  other  cavity,  one  knows  that  the  parts 
have  been  thoroughly  cleansed,  so  far  as  it  is  possible  to  cleanse  them, 
when  the  lotion  returns  unchanged  in  colour. 

As  a  deodoriser  and  disinfectant  for  sputa,  stools,  utensils,  etc.,  the 
strength  should  be  1  to  100  or  150.  The  Liquor  Potassii  Permanganatis 
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(IIP.)  is  a  1  per  cent,  solution.  It  has  the  disadvantage  of  staining 
clothes  and  the  skin  of  a  deep  brown  colour;  but  this  can  be  readily 
removed,  especially  if  the  stains  be  fresh,  by  a  solution  of  sodium  sulphite 
or  hyposulphite,  or  of  tartaric  or  oxalic  acids.  In  snake-bite  and  poisoned 
wounds  the  immediate  injection  of  a  solution  (1  to  100)  locally  destroys 
the  poison. 

When  permanganate  of  potassium  is  brought  into  contact  with  mor- 
phine, the  latter  is  oxidised  and  becomes  harmless.  Moor  has  shown  that 
this  occurs  in  the  stomach,  and  that  it  acts  as  an  efficient  antidote  in  opium 
and  morphine  poisoning  if  it  be  given  soon  enough.  He  gives  10  or  15 
grs.  dissolved  in  6  or  8  ounces  of  water,  and  repeated  several  times  at 
intervals  of  half  an  hour.  He  found  it,  outside  the  body,  to  have  little 
or  no  chemical  effect  on  atropine,  cocaine,  veratrine,  strychnine,  aconitine, 
and  pilocarpine.  Numerous  cases  of  its  value  in  morphine  poisoning 
have  now  been  recorded,  and  it  is  also  said  to  be  capable  of  acting  as  an 
antidote  in  poisoning  by  phosphorus,  colchicine,  oxalic  acid,  hydrocyanic 
acid,  and  cyanides. 

Kinger  and  Murrell  introduced  potassium  permanganate  as  an 
emmenagogue  in  scanty,  delayed,  or  painful  menstruation,  giving  1  or  2  grs. 
three  or  four  times  daily  for  a  few  days  before  the  period.  They  state 
that  it  is  most  valuable  in  functional  amenorrhoea,  and  that  the  improve- 
ment may  be  gradual  or  almost  immediate.  The  binoxide  of  manganese 
(4  gr.  doses)  and  manganate  of  sodium  (2  grs.)  were  found  to  be  equally 
efficacious.  It  has  since  been  extensively  put  on  trial,  but  apparently  with 
very  varying  results.  Stephenson,  Sanctuary,  Watkins,  and  others  have  re- 
ported very  favourably,  while  Leffman,  Boldts,  Macdonald,and  others  think 
it  of  little  or  no  value.  I  have  found  it  very  apt  to  cause  gastric  pain,  and 
it  must  almost  certainly  be  rapidly  reduced  to  the  binoxide.  As  man- 
ganese is  absorbed  into  the  blood  in  very  minute  amount,  it  is  improbable 
that  it  can  exercise  any  important  effect  on  the  menstrual  function.  At 
best  there  seems  to  be  a  consensus  of  opinion  that  its  action  is  very 
gradual,  and  hence  the  probabilities  are  that  the  improvement  which 
occurs  is  due  to  other  general  treatment  or  to  time. 
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CHROMIUM. 

Pharmacology. — Compounds  of  chromium  vary  greatly  in  intensity 
of  action  according  to  their  solubility  and  to  their  local  effects  on  the 
tissues.  Chromium  hydroxide  is  practically  innocuous,  while  soluble 
salts  of  chromic  oxide  (Cr203),  such  as  chrome-alum  and  chromium 
sulphate,  are  about  one  hundred  times  less  poisonous  than  chromic  acid 
(Cr03)  and  its  soluble  compounds.  When  the  former  are  given  to  animals 
subcutaneously  or  by  the  mouth,  no  very  specific  symptoms  follow,  but 
death  occurs  after  a  few  days  or  weeks  with  increasing  cachexia  and 
nephritis,  while  diarrhosa,  anaemia,  emaciation,  and  paralytic  weakness  of 
the  limbs  may  be  also  produced.  The  metal  is  excreted  from  the  blood 
by  the  kidneys  and  intestinal  mucous  membrane.  Post-mortem,  the 
gastro-intestinal  tract  is  found  inflamed  and  ulcerated,  the  kidneys  are 
acutely  inflamed,  and  the  lining  membrane  of  the  heart  and  blood  vessels 
is  injured. 

Toxicology. — Chromic  acid  and  potassium  bichromate,  the  only  com- 
pounds used  in  medicine,  are  violent  local  irritants  and  caustics.  They 
cause  all  the  ordinary  symptoms  of  irritant  poisoning,  followed  after  absorp- 
tion by  nephritis,  dyspnoea,  coma,  and  death.  About  4  grs.  of  chromic  acid 
is  a  fatal  dose.  The  treatment  ordinarily  employed  is  to  wash  out  the 
stomach  and  give  alkalies. 

Chronic  poisoning  is  seen  among  workmen  in  chrome  factories,  and  is 
apparently  due  to  the  caustic  action  of  chromic  acid  and  its  salts.  The 
effects  are  chiefly  local,  and  consist  in  the  formation  of  ulcers  on  the  hands, 
arms,  throat,  penis,  nose,  and  elsewhere.  The  nasal  septum  is  very 
frequently  perforated.  The  ulcers  may  extend  very  deeply,  and  are 
difficult  to  heal.  Bronchitis,  conjunctivitis,  and  skin  eruptions  are  also 
seen.  When  the  chrome  is  absorbed  it  causes  chronic  nephritis. 

CHROMIC  ACID  (B.P.  and  U.S.P.)  (chromic  anhydride,  Cr03)  occurs  in 
small  acicular  crystals,  red  in  colour,  deliquescent  and  very  soluble  in 
water  and  in  ether.  Liquor  Acidi  Chromici,  containing  1  oz.  in  3  oz.  of 
water,  is  official  in  the  British  Pharmacopoeia. 

Chromic  acid  has  a  powerful  local  action  on  the  skin  and  mucous 
membranes.  It  coagulates  the  albumin  of  the  tissues,  withdraws  water, 
and  acts  as  a  caustic.  Weaker  solutions  (5  per  cent.)  harden  and  preserve 
dead  tissues,  and  on  the  skin  have  a  hardening  influence,  staining  it  of  a 
yellow  colour.  Chromic  acid  is  also  an  oxidising  agent,  and  partly  on  this 
account,  partly  from  its  germicidal  action,  and  partly  from  the  metal 
combining  with  sulphuretted  hydrogen  and  ammonium  sulphide,  it  is  an 
active  deodoriser  and  antiseptic.  As  previously  stated,  it  is  a  violent 
irritant  poison  when  swallowed. 

The  liquor  is  largely  used  as  a  caustic  to  remove  warts  and  condylo- 
mata,  and  in  hypertrophic  conditions  or  new  growths  of  the  mucous 
membranes  of  the  nose,  uterus,  mouth,  etc.  Its  effects  are  limited  to  the 
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point  of  application,  and  produce  almost  no  pain.  The  eschar  separates 
in  a  few  days,  leaving  a  surface  which  quickly  heals.  It  can  be  used 
melted  on  to  the  point  of  a  probe,  or  in  very  strong  solution.  It  is 
also  employed  in  syphilitic  ulceration  (10  grs.  to  1  ox.),  soft  sores,  and 
diphtheria. 

In  the  German  army  a  5  per  cent,  solution  is  painted  over  the  feet  to 
harden  them  and  to  stop  sweating.  In  mild  cases  a  1  per  cent,  solution 
may  be  used,  but  both  need  to  be  applied  from  time  to  time. 

Chromic  acid  should  not  be  prescribed  with  glycerin  or  substances 
which  will  reduce  it. 

POTASSIUM  BICHROMATE  (K.2Cr207)  (B.P.  and  U.S.P.)  occurs  in  large, 
orange-red  crystals,  freely  soluble  in  water.  Dose,  TV  to  \  gr. 

Its  action  is  the  same  as  that  of  chromic  acid,  but  is  much  less  intense 
locally.  It  hardens  and  preserves  the  tissues,  and  has  a  caustic  irritant 
action  in  substance  or  in  strong  solution.  It  is  a  fairly  strong  antiseptic, 
and  has  been  used  in  syphilitic  sores,  warts,  and  similar  conditions  as  a 
caustic,  but  it  has  no  special  advantages.  It  has  been  given  internally  in 
syphilis,  locoinotor  ataxia,  and  psoriasis  without  benefit. 

It  is,  however,  very  valuable  in  painful  gastric  conditions  due  to  chronic 
catarrh,  probably  owing  to  its  local  astringent  action.  It  should  be  given 
in  very  small  doses  (TV  gr.  thrice  daily  before  or  after  meals)  in  a  small 
capsule,  or  as  a  pill,  or  in  flavoured  solution.  Under  its  use,  pain,  anorexia, 
and  flatulence  usually  disappear  in  about  ten  or  fourteen  days.  It  may  also 
be  given  with  great  benefit  in  cases  of  gastric  ulcer,  but  does  not  check 
hsematemesis,  if  it  be  present  (Vulpian,  Fraser,  Bradbury). 
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ARSENIC. 

METALLIC  arsenic  (arsenium)  seems  to  be  inactive  unless  converted  in  the 
body  into  an  oxide  or  some  other  soluble  compound,  while  the  insoluble 
sulphides,  although  fairly  poisonous,  are  much  less  active  than  the  oxides, 
which  are  generally  known  as  arsenious  and  arsenic  acids  or  anhydrides 
(As400  and  As205).  Of  these,  arsenious  acid  is  much  more  potent  than 
arsenic  acid,  their  toxicity  being,  according  to  Husemann,  as  2  to  1,  while 
the  relative  proportions  of  arsenic  are  approximately  only  as  3  to  2.  When 
the  term  arsenic  is  used  in  medicine,  arsenious  anhydride  or  its  prepara- 
tions are  generally  meant,  the  other  compounds  resembling  it  in  action, 
but  being  weaker.  Arsenious  acid,  arsenate  of  sodium,  arsenious  iodide, 
and  a  solution  containing  1  per  cent,  of  each  of  the  iodides  of  arsenic  and 
mercury  (called  Donovan's  solution)  are  all  official  both  in  the  British 
and  United  States  Pharmacopeias.  The  British  also  recognises  arsenate 
of  iron. 
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Pharmacology.  —  External.  —  Arsenious  acid  in  watery  or  other 
solution,  or  in  powder,  acts  as  a  preservative  to  dead  animal  and  vegetable 
tissues,  preventing  decomposition  and  destroying  germs.  It  does  not 
precipitate  albumin,  nor  does  it  enter  into  combination  with  it  as  the 
heavy  metals  do,  its  action  being  due  apparently  to  poisoning  of  the 
bacteria.  It  does  not  interfere  with  the  activity  of  the  various  digestive 
ferments.  Applied  to  the  unbroken  skin,  it  does  not  dissolve  in  the  fats 
present,  and  is  therefore  not  absorbed ;  but  in  arsenic  workers  arsenical 
compounds  may  collect  about  the  hands,  scrotum,  and  other  parts,  and, 
becoming  partially  dissolved  by  the  secretions,  may  ultimately  cause 
ulceratiou,  and  may  get  into  the  system  through  the  broken  surface. 
When  a  strong  solution  is  applied  for  some  time,  it  causes  exudation, 
blistering,  inflammation,  and  ultimately  necrosis.  If  an  arsenical  paste 
be  spread  over  an  ulcer  and  retained  in  position,  inflammation  and  dry 
gangrene  gradually  ensue,  the  part  separating  in  three  or  four  weeks 
as  a  mummified  slough,  and  usually  leaving  a  cicatrix.  Under  these 
circumstances  it  is  rare  for  absorption  to  occur,  as  the  blood  and  lymph 
vessels  are  destroyed  also. 

Internal. — The  mode  of  action  of  arsenic  after  absorption  is  not  well 
understood,  whether  it  be  given  in  large  or  small  dose,  although  the  results 
are  quite  apparent  and  have  been  much  studied. 

Nervous  System.  —  When  arsenic  is  given  to  frogs  in  large  doses,  it 
rapidly  depresses  the  spinal  cord  and  brain,  but  some  hours  elapse  before 
the  conductivity  of  motor  nerves  and  the  contractility  of  the  voluntary 
muscles  are  abolished.  Hence  it  is  evidently  a  general  protoplasmic 
poison,  but  affects  certain  tissues  much  more  powerfully  than  others.  In 
mammals  and  man,  poisonous  doses  rapidly  absorbed  sometimes  cause 
depression  of  the  nervous  system  as  the  most  prominent  effect. 

Metabolism.  —  Small  doses  given  over  a  long  period  bring  about  a 
gradual  increase  in  the  general  nutritive  activity  of  the  whole  body. 
Appetite  and  digestion  are  better,  fat  tends  to  be  laid  on,  the  general 
vigour  is  increased,  respiration  is  more  easy,  and  the  blood  condition  is 
improved.  These  effects  are  of  course  most  marked  in  persons  who  are 
run  down  in  health.  The  whole  result  has  been  attributed  to  the  improve- 
ment in  appetite  and  digestion  brought  about  by  the  stimulant  action  of 
arsenic  on  the  stomach,  but  more  probably  it  depends  on  a  general  stimula- 
tion of  the  tissues.  It  is  often  stated  that  these  small  doses  lessen  waste 
and  diminish  oxidation  in  the  tissues,  as  shown  by  a  smaller  excretion  of 
the  nitrogenous  waste-products ;  but  it  is  by  no  means  certain  that  this 
is  the  case,  as  the  methods  of  investigation  hitherto  adopted  are  not  quite 
accurate  nor  free  from  experimental  error. 

When  poisonous  doses  are  given,  the  effect  on  the  metabolism  is  very 
marked.  There  is  lessened  oxidation,  and  fatty  degeneration  takes  place 
in  the  cells  generally.  The  glycogen  disappears  from  the  liver,  there 
is  marked  increase  of  lactic  acid  (according  to  Morishima,  at  the  expense  of 
the  glycogen),  and  a  corresponding  diminution  in  the  alkalinity  of  the 
blood.  The  explanation  of  this  generally  given  is  that  arsenic  causes  the 
albuminous  tissues  to  split  up  more  rapidly,  a  nitrogenous  and  a  non- 
nitrogenous  body  being  the  result.  The  former  is  finally  excreted  in  the 
urine  chiefly  as  urea,  while  the  latter  remains  unoxidised,  and  gives  rise 
to  the  fatty  degeneration  of  the  organs.  Puncture  of  the  medulla  is  not 
followed  by  glycosuria  under  these  circumstances.  The  enlarged  fatty 
liver  cells  may  exert  pressure  on  the  bile  ducts,  and  thus  give  rise  to 
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the  jaundice  which  is  occasionally  seen  in  arsenical  poisoning.  In  these 
respects  its  action  seems  to  be  identical  with  that  of  phosphorus. 

Blood. — The  action  of  arsenic  on  the  blood  is  also  far  from  being 
thoroughly  understood.  In  certain  diseases  in  which  deficiency  of  red 
corpuscles  is  a  prominent  symptom,  the  administration  of  arsenic  is  known 
to  be  capable  of  increasing  their  number,  but  in  chlorosis  and  in  health  it 
does  not  do  so.  In  conditions  of  general  poor  health,  any  improvement  in  the 
blood  under  its  use  has  been,  perhaps  justly  enough,  attributed  to  improved 
appetite  and  increased  nutritional  activity.  In  young  dogs  and  rabbits  I 
failed  to  find  any  increase  in  the  number  of  red  corpuscles  under  small 
daily  doses  of  arsenic ;  but  Aposti  states  that  in  animals  rendered  anaemic 
by  bleeding  and  poor  diet  it  stimulates  corpuscle  formation,  and  Bettmann 
thinks  it  does  so  in  healthy  animals.  Aposti's  experiments,  however,  are 
vitiated  by  the  fact  that  he  bled  his  dogs  regularly  previous  to  or  while 
giving  the  arsenic,  and  blood-letting  is  known  to  greatly  stimulate  the 
formation  of  the  red  corpuscles.  Bettmann's  opinion  is  not  exactly  borne 
out  by  his  experiments.  He  gave  very  large  doses  of  arsenic,  and  these  were 
followed  by  a  slight  temporary  increase  in  the  number  of  erythrocytes,  but 
this  was  in  its  turn  soon  followed  by  a  fall,  and  the  total  result  was  a 
decrease.  The  conclusions  drawn  by  both  authors  are  not  warranted  by 
their  experiments,  which  contain  elements  of  error.  In  acute  and  subacute 
arsenical  poisoning,  amentia  occurs;  but  whether  this  is  due  to  general 
malnutrition,  to  breaking-down  of  the  red  corpuscles,  or  to  injury  of  the 
blood-forming  marrow,  is  a  difficult  matter  to  decide.  The  amount  of 
hiernoglobin  is  not  affected  by  arsenic. 

The  number  of  white  corpuscles  remained  unchanged  in  the  observa- 
tions made  by  Greig  and  myself  as  to  the  action  of  small  doses  on  the 
blood.  Besredka  finds  that  poisonous  doses  destroy  the  polynuclear 
leucocytes ;  but  large  non-lethal  doses  increase  their  number,  as  the  white 
corpuscles  absorb  the  arsenic,  and,  just  as  occurs  with  toxins,  more  of  them 
are  formed  to  deal  with  the  poison. 

Bones. — The  action  of  arsenic  on  the  bone  marrow,  both  of  young  and 
adult  animals,  is  quite  unmistakable.  The  red  marrow  becomes  greatly 
increased  in  amount  and  lymphoid  in  character,  and  replaces  the  yellow 
marrow  largely.  There  is  a  great  increase  in  the  size  and  number  of  the 
capillary  blood  vessels,  the  fat  cells  atrophy,  and  the  marrow  cells  become 
much  increased  in  number,  and  much  more  closely  packed  together.  There 
are  also  more  numerous  red  corpuscles  scattered  about.  The  whole  gives  the 
impression  of  marked  stimulation  of  the  marrow ;  but  there  is  no  evidence 
that  this  is  connected  with  increased  formation  of  red  blood  corpuscles 
(Stockman  and  Greig).  In  our  rabbits,  although  these  appearances  were 
very  evident,  there  was  no  increase  in  the  number  of  blood  corpuscles, 
and  no  evidence  of  their  increased  breaking-down,  so  that  it  is  difficult 
to  draw  any  conclusion  as  to  the  exact  significance  of  the  changes.  It  is 
generally  assumed,  however,  that  arsenic  increases  the  formation  of  red 
blood  corpuscles  by  an  action  on  the  bone  marrow. 

Gies  and  others  have  stated  that  arsenic  causes  the  bones  of  young  and 
older  animals  to  become  heavier  and  thicker  and  more  compact,  the  spongy 
being  replaced  by  compact  bony  tissue,  just  as  happens  when  continued 
small  doses  of  phosphorus  are  administered.  Eoussin  found  that  it  tended 
to  accumulate  in  the  bones  of  the  foetus  when  given  to  pregnant  animals. 
Greig  and  I  found  only  a  very  slight  increase  in  the  density  of  bone  under 
prolonged  administration  of  arsenic.  Certainly  the  elaborate  changes 
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described  by  Gies  were  absent,  but  probably  there  is  some  stimulant  effect. 
This  may  be  direct,  or  may,  perhaps,  be  secondary  to  the  increased 
vascularity  of  the  bone  marrow  leading  to  an  improved  blood  supply  for 
the  bone.  With  the  evidence  at  our  disposal  it  is  difficult  to  come  to  a 
definite  conclusion  on  many  of  these  matters. 

Skin. — Arsenic  has  a  marked  effect  on  the  nutrition  of  the  skin.  The 
coats  of  domestic  animals  become  glossier  under  its  use,  and  in  man  it  also 
improves  cutaneous  nutrition  and  subcutaneous  fat.  It  is  found  in  the 
epidermic  cells  and  in  the  hairs,  and  apparently  exercises  a  stimulant 
effect  on  all  the  structures.  Sometimes  this  is  excessive,  and  results  in 
overgrowth  (keratosis),  or  in  herpetic,  vesicular,  papular,  and  scaly 
eruptions.  Darkening  of  the  skin,  "arsenical  melanosis,"  is  also  seen, 
varying  from  slight  pigmentation  to  a  deep  brownish  red.  It  has  been 
stated  that  it  is  due  to  a  deposit  of  iron  containing  pigment  from  increased 
breaking  down  of  the  red  corpuscles ;  but  more  probably  it  results  from 
mere  stimulation  of  the  epidermic  cells  leading  to  deposit  of  pigment,  just 
as  is  seen  in  sun-burn.  Hutchinson  states  that  arsenic,  administered 
internally,  may  ultimately  give  rise  to  epithelial  cancer,  presumedly  from 
prolonged  local  irritation.  In  frogs  the  cuticle  peels  off  when  it  is  given, 
and  Nunn  states  that  this  is  due  to  softening  and  shrinking  of  the  cells. 

Gastro-intestinal  tract. — In  small  doses  arsenic  acts  as  a  mild  irritant 
or  stimulant  to  the  gastric  mucous  membrane,  thereby  improving  the 
digestion ;  but  in  larger  doses  it  is  distinctly  irritant  to  the  whole  gastro- 
intestinal tract.  If  given  subcutaneously  or  by  a  vein,  it  has  the  same 
irritant  action,  and  this  has  been  ascribed  to  its  being  excreted  into  the 
bowel,  and  also  to  its  causing  dilatation  of  the  abdominal  vessels. 

Circulation. — Very  small  doses  are  reputed  to  improve  the  nutrition 
and  energy  of  the  heart  muscle.  Large  doses,  however,  depress  the 
cardiac  nervous  apparatus,  the  heart's  action  is  weakened,  the  vasomotor 
centre  and  nerves  also  become  depressed,  and  the  blood  pressure  falls 
markedly.  All  this  leads  to  great  feebleness  of  the  circulation. 

Absorption  into  the  blood  takes  place  readily  from  the  stomach, 
mucous  membranes  generally,  or  from  the  broken  skin,  but  in  what  form 
is  not  accurately  known;  probably,  however,  in  the  form  in  which  the 
arsenic  is  administered,  as  it  does  not  combine  with  albumin  or  peptones. 
It  is  very  soon  found  in  the  blood,  especially  in  the  polynuclear  white 
corpuscles,  and  ultimately  the  greater  part  of  it  is  stored  in  the  liver, 
although  all  the  other  organs  and  tissues  contain  traces. 

Elimination  occurs  chiefly  by  the  kidneys,  and  arsenic  can  be  detected 
in  the  urine  a  few  hours  after  administration.  If  a  large  quantity  has  been 
taken,  traces  may  be  found  in  the  urine  for  many  weeks  afterwards.  It  is 
excreted  also  in  the  milk,  bile,  sweat,  saliva,  and  by  the  mucous  membranes 
of  the  respiratory  and  alimentary  tracts.  Roussin  found  that  it  passes 
from  the  mother  to  the  foetus,  and  can  be  detected  in  the  urine  and 
tissues  of  the  latter. 

For  Toxicology,  see  p.  385. 

Therapeutics. — External. — Externally,  arsenious  acid,  alone  or  made 
into  a  paste  with  flour,  gum,  or  charcoal,  is  occasionally  used  to  destroy 
superficial  cancers,  lupus,  and  other  small  growths.  The  paste  is  covered 
over  with  gold-beater's  skin  and  left  on  for  some  time.  Gradual  destruc- 
tion of  the  part  follows,  and  a  dry  slough  separates  in  about  fifteen  to 
thirty  days.  The  injection  of  Fowler's  solution  into  tumours,  and  the 
painting  of  it  on  warts,  are  sometimes  sufficient  to  cause  their  disappear- 
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ance.  The  sulphide  is  used  as  a  depilatory,  but  other  methods  are 
preferable.  Speaking  generally,  arsenic  is  only  used  externally  at  present 
to  destroy  the  pulp  of  decayed  teeth  previous  to  stopping. 

Internal. — For  a  very  long  period  arsenic  has  been  used  in  the  treatment 
of  certain  skin  diseases.  As  a  rule,  it  should  not  be  given  in  acute  cases 
where  there  is  hyperaeuiia  and  irritation,  as  it  increases  the  Mow  of  blood  to 
the  part,  and  adds  to  the  itching  and  general  discomfort.  It  is  useless  also  in 
a  large  number  of  skin  affections,  those  in  which  experience  has  shown  it  to 
be  of  undoubted  value  being  psoriasis,  chronic  eczema,  pemphigus,  chronic 
urticaria,  and  lichen  ruber.  It  seems  to  act  specially  well  in  diseases 
affecting  the  epidermis  rather  than  other  portions  of  the  skin.  Under  its 
action  exudation  becomes  absorbed,  nutrition  of  the  cells  is  improved,  and 
the  part  returns  to  its  normal,  soft,  flexible  condition.  The  rationale  of  its 
action  is  not  very  clear ;  it  becomes  deposited  in  the  epidermic  cells,  and 
it  probably  irritates  them  and  stimulates  their  nutritive  processes,  just  as 
irritants  applied  externally  do.  It  is  generally  administered  as  Fowler's 
solution,  or  in  pill,  beginning  with  small  doses  (about  3  minims  of  Fowler's 
solution),  and  increasing  them  according  to  the  effect  produced  on  the 
disease  and  the  patient.  Sometimes  improvement  ceases,  and  then  it  is 
well  to  stop  the  arsenic  and  begin  after  ten  days  or  a  fortnight.  Apparently 
a  tolerance  to  it  is  established,  but  this  is  very  easily  lost,  and  on  re- 
suming the  drug  its  curative  effects  are  again  manifested.  In  the  diseases 
mentioned  above,  its  administration  should  be  combined  with  anti-gouty 
or  other  constitutional  treatment,  and  with  appropriate  local  measures. 
In  acne,  lupus  erythematosus,  and  warts,  it  occasionally  seems  to  do  good. 
In  syphilitic  skin  diseases  it  is  of  no  value  alone,  but  is  often  given  with 
mercury  in  the  form  of  Donovan's  solution. 

In  chlorosis,  small  doses  of  arsenic  are  very  commonly  given  with 
iron,  as  there  is  a  general  belief  that  it  hastens  the  cure  by  increasing  the 
formation  of  red  blood  corpuscles.  Dujardin-Beaumetz,  von  Noorden,  and 
others  have  stated  that  it  is  as  valuable  as  iron  in  the  treatment,  while 
many  other  careful  investigators  have  found  no  improvement  under  its 
use  alone.  Its  action  on  the  bone  marrow  certainly  seems  to  point  to  an 
effect  on  corpuscle  formation  ;  but,  as  previously  stated,  no  increase  can  be 
detected  by  the  htemacytometer.  Its  value  may  lie  in  a  general  improve- 
ment of  nutrition,  while  it  is  supposed  to  lessen  breathlessness  and  to 
act  as  a  heart  tonic.  If  it  irritates  the  stomach  it  does  harm.  Among 
clinicians  there  is  a  wide  diversity  of  opinion  as  to  its  exact  value  in 
chlorosis,  and  apparently  the  point  cannot  be  definitely  settled. 

In  pernicious  anaemia,  arsenic  often  greatly  improves  the  number  of  red 
corpuscles  and  the  amount  of  haemoglobin.  For  a  time  partial  recovery 
may  take  place,  but  it  is  usually  followed  sooner  or  later  by  a  relapse. 
The  action  is  here  again  very  obscure.  We  do  not  know  whether  it  comes 
about  through  the  stimulation  of  the  bone  marrow  or  in  some  other  way. 

In  leukaemia,  arsenic  is  very  often  given,  and  pushed  to  large  doses. 
Cases  of  cure  have  been  reported,  but  much  more  frequently  there  is 
simply  a  temporary  improvement  in  the  condition  of  the  blood,  the  red 
cells  increasing  and  the  white  cells  diminishing  in  number.  At  the  same 
time  the  liver  and  spleen  become  smaller.  As  we  are  quite  ignorant  of 
the  etiology  of  the  disease,  we  cannot  estimate  the  actual  value  of  arsenic 
in  its  treatment. 

In  lymphadenoma  (Hodgkin's  disease)  arsenic  not  unfrequently  effects 
a  complete  cure.  Katzenstein  reports  a  case  of  this  kind  at  length,  in  which 
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he  gave  Fowler's  solution  by  subcutaneous  injection  up  to  30  minims 
daily,  and  by  the  end  of  six  months  all  trace  of  lymphatic  or  splenic 
swelling  had  disappeared.  When  given  by  the  mouth  the  dose  should  be 
increased  to  the  limits  of  tolerance,  but  in  many  cases  it  does  absolutely 
no  good.  Its  mode  of  action  is  quite  unknown. 

Arsenic  has  long  been  used  as  a  remedy  in  malaria,  but  in  acute  cases 
it  is  not  nearly  so  valuable  as  quinine.  Its  action  is  probably  a  specific 
one  on  the  malarial  organism.  Thus  Du  Chaiilu  relates  that  his  cook 
attempted  to  poison  him  with  arsenic,  and  that  he  was  very  ill  in  con- 
sequence, but  found,  on  recovering  from  the  effects,  that  he  had  also 
recovered  from  a  malarial  fever  which  had  long  beset  him.  Hutchinson 
also  records  a  case  in  which  2  drms.  of  Fowler's  solution,  taken  in  twenty- 
four  hours,  cured  an  ague.  It  seems  to  be  useful  in  cases  where  quinine 
has  lost  its  antimalarial  effect,  and  as  a  prophylactic  it  is  said  to  be  of 
great  value.  In  the  chronic  forms  of  malaria,  and  in  malarial  cachexia 
and  ansemia,  it  is  a  valuable  tonic  given  alone,  or  with  quinine  or  iron. 
Arsenic  is  also  a  valuable  tonic  for  weakly  children  who  are  not  growing 
well,  as  it  seems  to  stimulate  their  nutrition  and  growth. 

In  chronic  heart  disease,  and  in  persons  subject  to  slight  angina,  small 
doses  of  arsenic  given  for  prolonged  periods  improve  the  nutrition  and 
action  of  the  heart,  and  often  put  a  stop  to  the  cardiac  discomfort  and 
pain.  Here  again  it  is  difficult  to  explain  the  mode  of  action. 

In  chorea,  arsenic  has  long  been  considered  the  most  potent  remedy, 
although  different  views  are  held  as  to  its  exact  value.  It  certainly  seems 
in  most  cases  to  shorten  the  duration  of  the  attack.  It  is  probably  best 
to  give  it  in  gradually  increasing  dose,  but  some  practitioners  give  large 
doses  to  begin  with,  so  as  to  thoroughly  saturate  the  system,  and  then 
reduce  the  amount. 

In  rheumatoid  arthritis,  arsenic,  combined  with  other  treatment,  often 
does  much  good.  It  is  possible  that  its  action  here  may  have  some  con- 
nection with  its  influence  on  the  bones. 

It  has  been  used  in  diabetes  in  view  of  its  causing  glycogen  to  disappear 
from  the  liver,  and  its  influence  on  the  effect  of  "  diabetic  puncture  "  of 
the  medulla,  but  no  practical  results  of  value  have  accrued. 

According  to  Mabille,  the  poisonous  action  of  thyroid  gland  can  be 
limited  or  prevented  by  the  simultaneous  administration  of  small  doses  of 
arsenic.  He  says  it  prevents  the  loss  of  weight,  palpitation,  and  tremors 
which  are  sometimes  seen. 

In  phthisis,  also,  it  is  largely  given  as  a  general  tonic,  but  it  is 
more  than  doubtful  if  it  has  any  specific  value.  Small  doses  of  Fowler's 
solution  (1  or  2  minims)  are  sometimes  given  before  meals  to  stimulate 
appetite  and  digestion,  and  to  allay  the  pain  of  gastralgia  and  irritative 
dyspepsia.  This  application  is  often  successful. 

Arsenic  should,  as  a  rule,  be  given  after  food  to  obviate  irritation  of  the 
stomach.  Children  bear  it  well,  and  after  their  fifth  year  can  be  given  as 
large  doses  as  adults.  It  frequently  disagrees  with  elderly  people,  as  it 
is  apt  to  disturb  digestion.  Arsenious  acid  is  usually  given  as  Fowler's  solu- 
tion, called  Liquor  Arsenicalis  (B.P.),  and  Liquor  Potassii  Arsenitis  (U.S.P.). 
It  contains  1  per  cent,  of  arsenious  acid,  is  alkaline  from  the  presence  of 
potassium  carbonate,  and  is  coloured  red  by  compound  tincture  of  lavender. 
The  B.P.  has  a  corresponding  1  per  cent,  acid  solution,  Liquor  Arsenici 
Hydrochloricus,  and  there  is  a  1  per  cent.  Liquor  Sodii  Arsenatis.  The 
dose  of  all  these  liquors  is  2  to  8  minims. 
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Arsenious  acid,  dose  ^V  to  TV  gr.,  may  be  given  as  a  pill,  but  it  is  apt 
to  act  locally  as  an  irritant  on  the  part  of  the  stomach  with  which  it  comes 
in  contact.  It  may  also  be  given  in  the  form  of  mineral  waters  (see 
article  "  Mineral  Waters  "). 

Fowler's  solution,  diluted  with  water,  can  be  given  subcutaneously  or 
by  the  rectum. 

TOXICOLOGY. 

Acute  poisoning. — Pure  metallic  arsenic  is  generally  held  to  be  non- 
poisonous,  but  it  is  very  liable  to  be  oxidised  or  converted  into  other  com- 
pounds which  are  highly  toxic.  The  less  soluble  the  compound  the  less 
rapid  and  fatal  is  its  action.  Arsenious  acid  is  by  far  the  most  important, 
and  has  caused  fatal  poisoning  by  absorption  from  the  alimentary  canal, 
skin,  vagina,  rectum,  lungs,  wounds,  and  ulcers.  When  it  is  taken  by  the 
mouth,  the  symptoms  begin  in  an  hour  or  less  with  a  feeling  of  burning, 
dryness,  and  constriction  in  the  throat,  and  pain  in  the  oesophagus, 
stomach,  and  bowels,  along  with  obstinate  and  continued  vomiting,  which 
may  be  blood-streaked  or  bilious.  There  is  extreme  thirst  and  very 
severe  intestinal  pain,  with  violent  purging  and  tenesmus.  Later,  the 
vomit  is  mixed  with  flakes  of  mucous  membrane  and  a  larger  amount  of 
blood.  There  is  often  very  severe  hiccough.  Next  supervene  the  symp- 
toms of  collapse  and  choleraic  diarrhrea — cold  clammy  skin,  the  heart 
weak  and  irregular,  urine  suppressed  or  in  small  amount,  and  sometimes 
albuminous  or  bloody,  pinched  features,  weak  feeble  voice,  cyanosis,  and 
cramps.  Death  generally  occurs  in  a  few  hours,  or  may  be  postponed 
till  the  second  day.  In  other  cases  the  progress  is  slower.  The  symptoms 
are  much  the  same,  but  remissions  occur,  and  death  is  delayed  for  some 
days  or  a  week.  Sometimes  there  are  skin  eruptions,  such  as  vesicles, 
papules,  and  petechise.  Eecovery  may  be  very  rapid,  or  may  be  very 
tedious  from  the  onset  of  chronic  neuritis  or  severe  dyspepsia. 

Rarely  the  clinical  symptoms  are  very  different.  The  gastro-intestinal 
disturbances  may  be  quite  subordinate  to  extreme  depression  of  the  nervous 
system,  extreme  general  weakness,  anaesthesia,  delirium,  sometimes  con- 
vulsions and  coma.  The  circulation  and  temperature  are  greatly  depressed, 
and  death  may  ensue  in  a  few  hours.  The  symptoms  vary  much  in 
different  cases.  The  minimum  fatal  dose  for  adults  is  about  2  grs.,  but 
much  larger  doses  have  been  recovered  from. 

Post  -  mortem,  the  whole  of  the  alimentary  mucous  membrane  is 
swollen,  hypersemic,  and  ecchymosed.  The  contents  of  the  bowel  may 
consist  of  thin  fluid  mixed  with  epithelial  flakes,  resembling  the  rice 
water  condition  seen  in  cholera.  The  epithelial  cells  are  absent  in  patches, 
or  fattily  degenerated.  There  is  fatty  degeneration  of  all  the  important 
viscera,  and  sometimes  of  the  voluntary  muscles.  Nephritis  and  degener- 
ative changes  in  the  spinal  cord  may  be  present.  Bodies  containing  arsenic 
resist  decomposition  more  or  less,  and  sometimes  mummify.  The  viscera, 
especially  the  liver,  are  usually  well  preserved,  as  they  contain  the  greater 
part  of  the  poison. 

Treatment. — In  treating  poisoning  by  arsenic,  the  stomach  should  be 
emptied  by  large  draughts  of  warm  water,  their  evacuation  being  helped  by 
apomorphine  subcutaneously,  or  a  flexible  stomach  tube.  The  best  antidote 
is  freshly  prepared  hydrated  peroxide  of  iron,  which  can  be  made  by  pre- 
cipitating any  persalt  of  iron  by  means  of  an  alkali.  It  must  be  freshly 
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prepared  and  given  in  great  excess,  8  grs.  being  necessary  to  combine  with 
1  gr.  of  arsenious  oxide.  Magnesia,  freshly  calcined  or  freshly  precipitated, 
is  also  of  value.  Castor-oil  should  be  given  to  clear  the  mixture  out  of  the 
bowel,  and  pain  may  be  relieved  by  opium.  After  the  arsenic  has  become 
absorbed,  we  can  do  no  more  than  treat  symptoms. 

Chronic  poisoning. — This  occurs  not  infrequently  in  connection  with 
the  therapeutic  use  of  arsenic,  but  in  its  more  aggravated  forms  it  is  seen 
chiefly  in  persons  who  work  with  the  various  compounds  of  the  metal 
used  in  the  arts.  The  makers  of  coloured  cardboard  boxes,  artificial 
flowers,  chalks,  toys,  and  men  who  use  arsenic  in  preserving  skins,  fre- 
quently suffer,  while  the  workers  in  arsenical  mines  and  colour  manu- 
factories are  affected  relatively  seldom,  as  they  apparently  become  more 
readily  tolerant  to  it  or  perhaps  do  not  absorb  much.  Arsenical  colours 
are  little  used  now  for  wall  papers  or  dress  fabrics ;  when  chronic 
poisoning  arises  from  the  former  of  these,  it  is  due  to  a  volatile  organic 
compound  (not  AsH3)  formed  under  the  influence  of  fungi.  Those  who 
dissect  bodies  preserved  by  arsenic  are  liable  to  inflammation  about  the 
roots  of  the  nails.  Arsenic  has  occasionally  also  become  accidentally 
mixed  with  sugar,  flour,  beer,  wine,  or  other  articles  of  diet,  in  which  it  is 
not  readily  detected  owing  to  its  tastelessness.  It  may  be  introduced  into 
the  body  through  the  stomach,  lungs,  or  skin. 

The  first  symptoms  are  usually  redness,  swelling,  and  irritation  about 
the  eyes,  with  dryness  of  the  conjunctiva,  headache,  and  some  gastro- 
intestinal irritation,  as  evidenced  by  a  dry  white  tongue,  thirst,  pain  in 
stomach,  and  anorexia.  There  is  also  dryness  of  the  nose,  throat,  and 
larynx,  which  gives  rise  to  some  local  discomfort  and  to  hoarseness.  This 
stage  is  not  infrequently  seen  when  giving  arsenic  in  large  medicinal  doses, 
and  readily  passes  off  if  its  administration  be  stopped.  If  absorption 
still  goes  on,  the  condition  becomes  more  serious,  and  general  malaise,  severe 
diarrhoea  or  constipation,  emaciation,  albuminuria,  nephritis,  general 
oedema,  enlargement  of  the  liver  with  jaundice,  and  a  febrile  temperature, 
may  supervene,  leading  to  a  serious  cachectic  state. 

One  of  the  most  characteristic  symptoms  of  chronic  arsenical  poisoning 
is  the  peripheral  neuritis  which  is  induced.  The  symptoms  are  most 
marked  in  the  extremities,  and  consist  of  pain,  often  severe,  panesthesia, 
numbness,  tingling,  and  feelings  of  cold.  Sometimes  there  is  hyper- 
aesthesia.  Tactile  sensibility  is  lessened,  the  temperature  sense  may 
be  interfered  with,  and  the  motor  power  diminished  or  completely 
abolished.  Often  for  months  the  patient  is  unable  to  walk  or  stand  or 
use  the  forearms,  and  recovery  may  be  very  slow.  The  extensors  of  the 
foot  are  usually  prominently  involved,  so  that  the  foot  droops,  while 
in  the  hand  the  opponens  pollicis  and  interossei  are  most  early  affected. 
Atrophy  of  the  muscles  supplied  by  the  damaged  nerves  is  very 
marked.  Their  electric  irritability  is  lessened,  the  muscles  degenerate 
quite  apart  from  the  nerve  affection,  and  the  reaction  of  degeneration  is 
obtained  sooner  or  later.  Peripheral  paralysis  of  the  genital  nerves  may 
lead  to  impotence. 

Skin  affections  are  also  a  feature  of  chronic  poisoning.  Herpetic 
eruptions,  brown  pigmentation,  keratosis,  ulcers,  eczema,  and  psoriasis 
are  the  most  usual  forms.  The  nails  and  hair  also  seem  to  be  badly 
nourished  and  undergo  changes,  so  that  they  become  dry  and  brittle, 
while  the  feet  and  hands  frequently  sweat  profusely.  Chronic  poisoning 
may  ensue  after  recovery  from  the  effects  of  a  large  dose  which  has  also 
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caused  acute  symptoms.  Eecovery  is  very  tedious,  and  many  months 
may  elapse  before  the  peripheral  nerves  and  the  muscles  return  to  a 
completely  or  partially  healthy  condition.  Death  may  occur  from  ex- 
haustion, phthisis,  or  other  complications. 

Treatment.  —  Treatment  must  be  directed  to  cure  of  the  chronic 
neuritis  and  to  re-establishment  of  healthy  nutrition  in  the  muscles.  In 
the  early  stages,  when  pain  and  acute  inflammation  are  present,  nothing 
should  be  done  beyond  giving  rest,  hot  baths,  and  morphine  or  phenacetin 
if  necessary.  Later,  rubbing,  electricity,  and  passive  or  active  exercise  are 
to  be  employed. 

Tolerance. — Some  persons  tolerate  medicinal  doses  of  arsenic  very 
much  better  than  others,  while  it  is  generally  recognised  clinically  that 
antemic  women  and  children  bear  its  administration  well.  By  beginning 
with  small  doses  patients  may  often  be  gradually  accustomed  to  take 
large  amounts  without  any  symptoms  of  poisoning  being  induced,  and  it 
is  said  that  drinking  water  containing  arsenic  affects  strangers,  but  not 
those  accustomed  to  its  use.  Davy  describes  a  small  stream  in  Cumber- 
land which  contains  yV  gr.  per  gallon  of  arsenious  oxide.  The  inhabitants 
drink  it,  and  suffer  no  ill  effects,  but  it  contains  no  fish,  and  ducks  cannot 
be  reared  in  its  neighbourhood,  as  they  emaciate  and  die.  He  also  mentions 
a  spring  in  Tunis  containing  4  grs.  per  gallon,  which  is  used  for  drinking 
purposes  without  harm  resulting.  Rabbits  and  other  animals  have  also 
been  gradually  habituated  to  stand  very  large  doses.  All  these  facts  point 
to  the  establishment  of  a  tolerance  to  the  action  of  arsenic  as  a  poison. 
But  the  most  striking  instance  is  the  habit  of  arsenic-eating  found  among 
a  section  of  the  population  of  Styria  and  the  Austrian  Tyrol.  The 
peasants  are  small  farmers,  labourers,  woodcutters,  and  arsenic-smelters, 
and  take  it  to  improve  their  endurance  and  wind  in  mountain  climbing 
and  other  hard  work,  or  as  a  prophylactic  measure  against  the  risks  of 
chronic  arsenical  poisoning  incurred  in  working  with  the  ores.  Among 
the  women  of  the  country  the  practice  is  much  less  common,  but  a  few  of 
them  also  consume  arsenic  habitually  to  increase  subcutaneous  fat  and  to 
improve  their  complexions.  Arsenious  acid  or  orpiment  are  the  forms 
in  which  it  is  usually  taken,  and  it  is  swallowed  in  bulk,  or  in  coffee,  or 
mixed  with  food.  They  generally  begin  about  the  age  of  18  with  \  or  ^  gr. 
daily,  and  gradually  increase  the  amount  until  3  to  6  grs.  can  be  taken 
at  once.  Tschudi,  Craig  Maclagan,  Knapp,  Werber,  and  others  have  seen 
large  quantities  swallowed,  and  have  recovered  it  from  the  urine.  Knapp 
says  he  saw  a  man  take  14  grs.  at  one  dose,  and  Heisch  relates  the  case 
of  a  manager  of  arsenic  works  who  was  advised,  as  a  preparation  for 
entering  on  his  duties,  to  begin  with  3  grs.,  and  who  gradually  increased 
the  amount  to  23  grs.  daily.  It  did  him  no  harm,  but  his  friends  were 
anxious  he  should  stop  the  practice,  and  on  two  occasions  he  did  so,  but 
resumed  it  again,  as  he  suffered  each  time  from  faintness,  palpitation, 
depression,  incapacity  for  exertion,  insomnia,  and  inflammation  of  the 
lungs.  Craig  Maclagan  states  that  a  Styrian  who  was  accustomed  to  take 
about  6  grs.  every  four  to  eight  days  suffered  from  a  craving,  stiffness  in 
the  feet,  and  general  lassitude  whenever  he  omitted  his  usual  dose.  On 
the  other  hand,  Jonathan  Hutchinson  states  that  in  giving  large  doses  of 
arsenic  for  long  periods  in  cases  of  skin  disease,  he  has  never  seen  any 
craving  established,  and  that  patients  leave  it  off  willingly  and  without 
harm. 

The  explanation  of  the  tolerance  is  to  be  found  in  a   research   by 
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Besredka.  He  experimented  with  rabbits,  and  found  that  the  habitual 
administration  of  arsenic  causes  the  formation  of  an  antitoxine.  This  is 
present  in  the  blood  serum,  and  the  administration  of  8  cub.  cent,  of 
such  serum  averts  the  death  of  a  second  rabbit  to  whicli  the  minimum 
lethal  dose  of  arsenic  has  been  given.  The  antitoxin  stimulates  the  forma- 
tion of  leucocytes,  which  absorb  the  arsenic  administered,  and  thereby 
prevent  its  toxic  action  being  exerted  on  the  nervous  and  other  tissues. 
The  degree  of  immunity  is  always  small,  however,  and  a  dose  slightly 
over  the  minimum  lethal  is  always  fatal,  whether  antitoxine  be  given  or 
not.  This  explains  why  habitual  arsenic  eaters  sometimes  die  of  a  small 
overdose.  The  arsenic  is  only  gradually  excreted  from  the  leucocytes.  It 
tends  to  accumulate  in  the  liver,  the  cells  of  which,  like  the  leucocytes, 
also  become  immune  to  its  poisonous  effects. 

ARSENIURETTED  HYDROGEN. 

This  is  an  unpleasantly  smelling  gas  which  is  generated  in  chemical 
laboratories  and  factories  when,  as  sometimes  happens,  nascent  hydrogen 
and  arsenic  compounds  come  together.  It  is  inhaled  and  gives  rise  to 
very  characteristic  symptoms,  which  develop  after  some  hours.  At  first  it 
causes  malaise,  rigors,  a  feeling  of  weakness,  headache,  and  vomiting.  In 
ten  or  twelve  hours  the  symptoms  of  its  special  action  are  seen,  namely, 
disintegration  of  the  red  blood  corpuscles  followed  by  bloody  urine,  some- 
times suppression  and  later  by  severe  jaundice.  Swelling  of  the  liver  and 
spleen  and  fever  follow.  In  fatal  cases  death  ensues  in  a  few  days,  or  if 
recovery  takes  place  it  is  very  gradual.  Eelapses  occasionally  occur  when 
the  patient  seems  to  be  going  on  well.  The  treatment  is  purely  symp- 
tomatic. 

REFERENCES. 

APOSTI. — Centralbl.  f.  innere  Med.,  Leipzig,  1900.  BESREDKA. — Ann.  de 
I'lnst.  Pasteur,  Paris,  1899,  tome  xiii.  BETTMANN.—  Beitr.  z.  path.  Anat.  u.  z. 
ally.  Path.,  Jena,  1898,  Bd.  xxiii.  BINZ. — Arch.  f.  exper.  Path.  u.  Pharmakol., 
Leipzig,  Bde.  xi.,  xiii.,  xiv.,  xv.,  xxxvi.,  and  xxxviii.  BROUARDEL  AND  POUCHET. 
— Bull.  Acad.  de  med.,  Paris,  1889.  DAVY. — Edin.  New  Phil.  Journ.,  1863. 
FILEHNE. — Berl.  /din.  Wchnschr.,  1898.  GIES. — Arch.  f.  exper.  Path.  u.  Phar- 
makol., Leipzig,  1878,  Bd.  viii.  HEISCH. — Pharm.  Journ.  and  Trans.,  London, 
1859-60.  HUSEMANN. — Deutsche  med.  Wchnschr.,  Leipzig,  1892.  HUTCHINSON. 
— Arch.  Surg.,  London,  vols.  ii.,  iv.,  et  seq.  KATZENSTEIN. — Deutsches  Arch.  /. 
Idin.  Med.,  Leipzig,  1896,  Bd.  Ivi.  KNAPP. — Med.  Times  and  Gaz.,  London, 
1875,  vol.  ii.  LESSER. —  Virchoiv's  Archiv,  1878,  Bd.  Ixxiv.  MABILLE. — Semaine 
med.,  Paris,  1899.  MACLAGAN. — Edin.  Med.  Journ.,  1864,  vol.  x.  MORISHIMA. 
— Arch.  f.  exper.  Path.  u.  Pharmakol.,  Leipzig,  1899,  Bd.  xliii.  MORRIS. — Brit. 
Med.  Journ.,  London,  1898,  vol.  ii.  NUNN.— Journ.  Physiol.,  Cambridge  and 
London,  1878,  vol.  i.  POPOW. —  Virchow's  Archiv,  1883,  Bd.  xciii.  PUTNAM. — 
Boston  M ed.  and  Surg.  Journ.,  1889.  RAILTON. — Med.  Chron.,  Manchester,  1900. 
RINGER  AND  MURRELL. — Journ.  Physiol.,  Cambridge  and  London,  1878,  vol.  i. 
RINGER  AND  SAINSBURY. — Brit.  Med.  Journ.,  London,  1882,  vol.  ii.  ROUSSIN. — 
Journ.  de  pharm.  et  chim.,  1863,  tome  xliii.  SAIKOWSKY,  Virchow's  Archiv,  1865, 
Bd.  xxxiv.  SKLAREK. — Arch.  f.  Anat.,  Physiol.  u.  wissensch.  Med.,  1866. 
STANLEY. — "Diseases  of  Bones,"  London,  1849.  STOCKMAN. — Brit.  Med.  Journ., 
1893,  vol.  i.  STOCKMAN  AND  GREIG. — Journ.  Physiol.,  Cambridge  and  London, 
1898,  vol.  xxiii.  TSCHUDI. —  Wien.  med.  Wchnschr.,  1851.  v.  NOORDEN.— 
"Die  Bleichsucht,"  Nothnagel's  "Specielle  Path.  u.  Therapie,"  1897. 

R.   STOCKMAN. 


ANl'IMONY.  389 


ANTIMONY. 

THE  action  of  antimony  is  in  its  essential  features  the  counterpart  of  that 
of  arsenic,  although  there  are  apparent  superficial  differences. 

Pharmacology. — External. — The  insoluble  compounds  have  no 
action  on  the  skin  or  mucous  membranes,  except  in  so  far  as  they  are 
dissolved  by  the  secretions,  and  this  occurs  to  an  extremely  limited 
extent.  Simple  salts,  such  as  the  chloride,  are  powerful  local  irritants, 
and  destroy  the  tissues  with  which  they  come  into  contact.  Tartarated 
antimony,  in  solution  or  ointment,  acts  as  an  irritant  both  to  the  skin 
and  mucous  membranes,  causing  papules  and  pustules.  On  the  skin  these 
are  found  round  the  mouths  of  the  sweat  and  sebaceous  glands,  and  are 
fully  developed  only  after  some  days.  Sometimes  the  pustules  coalesce, 
and  when  they  heal  leave  noticeable  cicatrices,  while  repeated  applications 
are  capable  of  causing  local  necrosis. 

Internal. — After  internal  administration  such  eruptions  are  sometimes 
seen.  They  are  evidently  due  to  a  specific  irritating  action  peculiar  to 
tartar  emetic.  It  has  been  stated  that  they  occur  only  in  situations 
where  the  secretions  are  acid  and  decompose  the  antimony  salt,  but  this 
is  not  the  case. 

The  insoluble  compounds  are  partly  dissolved  by  the  gastric  juice, 
and  are  absorbed  to  a  very  limited  extent,  the  bulk  being  excreted  in 
the  faeces.  Even  the  soluble  tartar  emetic  is  only  slowly  and  partially 
absorbed.  Whether  given  by  the  mouth  or  subcutaneously,  a  considerable 
part  is  always  found  in  the  faeces,  as  it  is  eliminated  from  the  blood  by 
the  mucous  membranes  of  the  stomach  and  bowel.  It  is  also  found  in 
the  urine,  bile,  sweat,  and  milk,  and  has  been  known  to  cause  sickness 
in  nurslings.  After  death  it  is  present  in  all  the  organs  and  the  blood. 
Its  elimination  is  slow,  as  it  has  been  detected  in  the  liver  some  months 
after  administration. 

Taken  internally,  the  sulphide  and  oxide  of  antimony  cause  diaphoresis. 
Small  doses  of  tartar  emetic  have  a  similar  effect,  but  when  \  gr.  or 
thereabouts  is  reached,  nausea  is  produced,  with  increased  and  more  watery 
mucous  secretion  from  the  respiratory  and  alimentary  tracts.  The  nausea 
induces  a  feeling  of  depression,  fiaccidity,  salivation,  and  a  rapid  pulse, 
which  are  quite  apart  from  the  direct  action  of  antimony.  Sweating  is 
often  very  profuse.  With  repeated  or  larger  doses,  vomiting  occurs  after 
a  period  of  twenty  minutes  or  thereabouts  of  such  depression  and  nausea. 
The  action  of  the  antimony  is  also  distinctly  manifested  at  this  stage :  there 
is  slowing  and  depression  of  the  heart  with  a  soft  pulse,  dilated  arteries 
and  marked  fall  of  blood  pressure,  so  that  an  extreme  feeling  of  faintness 
may  result.  There  is  great  muscular  relaxation,  with  profuse  sweating 
and  salivation.  All  this  may  be  recovered  from  in  one  or  two  hours, 
but  it  leaves  a  tired,  depressed  condition  behind.  Larger  doses  may 
bring  on  severe  continuous  vomiting  and  diarrhoea  with  abdominal  pain, 
but  with  these  effects  we  reach  what  may  be  called  acute  poisoning. 
Antimony  exercises  a  depressing  effect  on  the  peripheral  vasomotor  nerves, 
and  probably  also  on  the  centre,  whence  result  dilatation  of  the  arterioles 
and  a  fall  in  the  blood  pressure.  This  is  further  assisted  by  a  direct 
action  on  the  heart  muscle,  whereby  the  beats  become  slowed  and  weakened 
in  force.  There  seems  also  to  be  a  direct  depressing  action  on  the  spinal 
cord  and  medulla,  not  secondary  to  the  circulatory  disturbance;  and 


390  ANTIMONY. 

the  combined  nervous  and  circulatory  weakness,  along  with  the  emesis, 
sufficiently  account  for  the  feelings  of  malaise  and  prostration  which 
accompany  the  action  of  tartar  emetic.  The  peripheral  nerves  and 
voluntary  muscles  are  but  slightly  affected,  and  take  little  part,  appar- 
ently, in  the  causation  of  the  general  symptoms. 

The  cause  of  the  vomiting  has  been  greatly  discussed,  but  it  seems  to 
depend  on  the  peculiarly  irritating  local  effects  of  antimony  salts  on  the 
gastric  mucous  membrane  and  the  nerve  terminations  there.  Even  when 
tartar  emetic  is  injected  into  the  blood,  emesis  occurs,  but  it  is  delayed, 
and  the  subsequent  vomiting  is  undoubtedly  connected  with  the  excretion 
of  the  metal  from  the  blood  into  the  stomach,  and  consequent  local  irrita- 
tion. Nevertheless,  certain  authorities  hold  the  opinion  that  tartar  emetic 
acts  also  in  a  specific  manner  on  the  vomiting  centre  in  the  medulla. 

The  increase  of  perspiration  depends  partly  on  the  dilatation  of  the 
cutaneous  vessels  at  first,  and  possibly  there  may  be,  later,  a  stimulation 
of  the  sweat  glands. 

The  respiration  is  a  good  deal  affected  by  the  nausea  and  vomiting, 
but  the  antimony  action  is  to  render  it  slower  and  weaker.  Its  action  on 
metabolism  is  the  same  as  that  of  arsenic :  the  albuminous  tissues  break 
down  and  degenerate  fattily,  there  is  an  increased  excretion  of  urea, 
glycogen  disappears  from  the  liver,  and  the  person  emaciates  under  the 
influence  of  repeated  doses.  There  is  diminished  oxidation,  a  lessened 
excretion  of  carbonic  acid,  and  a  decrease  in  the  alkalinity  of  the  blood. 
In  very  small  doses  antimony  has  an  action  closely  resembling  that  of 
arsenic  in  increasing  the  amount  of  subcutaneous  fat  and  the  condition 
of  the  skin.  In  the  frog  its  administration  causes  a  degeneration  and 
softening  of  the  cells  of  the  skin  (Nunn),  but  it  is  not  known  if  there  is 
any  special  action  resembling  this  in  man. 

Small  doses  lower  the  temperature  slightly,  but  larger  ones  may  cause 
a  fall  of  several  degrees,  which  is  apparently  due  to  collapse  and  secondary 
to  the  action  on  the  circulation  and  the  general  depression. 

Toxicology. — Acute,  poisoning. — The  poisonous  dose  of  tartarated  anti- 
mony cannot  be  fixed,  as  very  large  amounts  have  been  swallowed  and 
rejected  by  vomiting.  It  depends  also  on  the  general  condition  and  state 
of  the  individual.  Two  grs.  have  proved  fatal  in  an  adult,  but,  speaking 
generally,  about  7  grs.  may  be  said  to  be  a  dangerous  dose  in  persons  who 
have  not  become  tolerant  to  it.  The  most  prominent  symptoms  are  severe 
and  continuous  vomiting — first  of  food,  then  of  bile  and  mucus,  and  finally 
there  is  also  an  admixture  of  blood.  Along  with  this,  purging  occurs — 
serous  at  first,  but  later  a  colourless  fluid  with  flocculi,  presenting  all  the 
characters  of  "rice-water"  stools.  There  is  severe  abdominal  pain,  and 
great  muscular  and  cardiac  depression,  the  pulse  becoming  very  slow  and 
feeble,  and  there  may  be  albuminuria.  As  the  severe  purging  goes  on,  the 
patient  falls  into  a  condition  similar  to  choleraic  collapse,  with  pinched, 
shrunken  features,  cyanosis,  cramps,  coldness,  and  coma.  Death  occurs  in 
a  few  hours,  or  after  some  days,  from  general  exhaustion. 

The  post-mortem  appearances  consist  in  hyperpemia,  swelling,  erosion, 
and  ecchymoses  of  the  gastric  and  intestinal  mucous  membranes.  Pustules 
may  be  found  in  the  mouth,  oesophagus,  stomach,  and  small  intestine,  and 
there  may  be  marked  hyperseinia  and  inflammation  of  the  lungs.  Anti- 
mony is  found  in  the  liver,  kidneys,  spleen,  bones,  and  muscles. 

The  treatment  consists  in  frequently  washing  out  the  stomach  with 
hot  water,  giving  tannin  to  form  an  insoluble  compound,  and  stimulants  to 
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counteract  the  cardiac  depression.     Saline  transfusion  may  be  indicated. 
Later  on,  opium  may  be  required  to  lessen  the  suffering. 

Chronic  poisoning  with  small  repeated  doses  has  sometimes  been 
resorted  to  criminally,  as  the  symptoms  closely  simulate  those  of  acute 
gastro-intestinal  catarrh.  These  cause  dyspepsia,  nausea,  vomiting,  and 
general  emaciation,  with  attacks  of  diarrhoea,  and  possibly  albuminuria. 
There  is  increased  breaking  down  of  the  albuminous  tissues,  and  fatty 
degeneration  of  the  viscera.  Death  occurs  from  wasting  and  exhaustion. 

Tolerance. — Such  large  doses  are  apt  to  cause  severe  vomiting  and 
purging  at  first ;  but  sometimes  on  the  first  day,  or  more  usually  by  the 
second  or  third,  a  tolerance  becomes  established,  and  little  more  than  de- 
pression is  produced.  This  has  been  explained  by  the  supposition  that  the 
nerve  centres  are  so  dulled  by  the  drug  or  by  disease,  that  the  reflex  acts 
of  vomiting  do  not  occur.  More  probably,  however,  the  tolerance  depends 
on  other  as  yet  unexplained  causes,  as  it  is  also  seen  in  the  case  of  arsenic. 

Therapeutics. — Antimony  seems  to  have  been  first  used  as  a 
medicine  by  Paracelsus  in  the  sixteenth  century,  since  which  time  its 
value  has  been  very  variously  estimated  by  different  generations  of 
practitioners.  Its  therapeutical  use  was  carried  to  such  extremes  in  the 
succeeding  century,  that  a  very  general  prejudice  arose  against  it,  and  in 
France  it  was  banned  by  law.  Rasori  and  Laennec  revived  the  practice 
of  giving  large  doses  in  inflammatory  diseases,  and  early  in  the  present 
century  20  or  30  grs.  daily  (and  even  much  more)  of  tartar  emetic  were 
commonly  administered.  Greenwood  states  that  he  gave  20  grs.  four  times 
in  twenty  minutes  in  a  case  of  delirium  treniens. 

Since  the  middle  of  the  present  century  the  therapeutic  use  of 
antimonials  has  steadily  declined,  and  quite  recently  such  well-known 
authorities  as  Harnack  and  Stokvis  have  expressed  the  opinion  that  all 
the  indications  for  their  administration  are  better  fulfilled  by  other 
remedies. 

Locally,  the  Liquor  Antimonii  Chloridi  was  used  as  a  caustic,  and  the 
Unguentum  Antimonii  Tartarati  as  a  pustulant  and  counter-irritant,  but 
both  have  been  deleted  from  the  1898  British  Pharmacopoeia,  and  neither 
is  official  in  the  United  States.  Tartar  emetic  or  its  preparations,  Vinum 
Antimoniale  (B.P.)  and  Vinum  Antimonii  (U.S.P.),  are,  however,  still  used 
in  the  early  stages  of  bronchitis,  when  there  is  pain,  dyspnoea,  difficult 
expectoration,  and  loud  wheezing.  It  relieves  all  these  symptoms  and 
promotes  free  expectoration  in  a  very  satisfactory  way.  In  the  capillary 
bronchitis  of  children  it  also  often  gives  great  relief.  In  all  cases  it 
should  be  given  in  small  frequently-repeated  doses,  and  its  depressing 
action  should  be  carefully  watched.  Other  expectorants  or  opiates  may 
be  combined  with  it.  In  pneumonia,  pericarditis,  peritonitis,  pleurisy, 
and  other  acute  inflammatory  diseases  its  use  is  practically  abandoned 
at  the  present  day.  In  tonsillitis,  orchitis,  and  acute  eczema,  in  young 
robust  subjects,  it  often  gives  considerable  relief  by  lessening  the  general 
and  local  arterial  excitement.  The  dose  of  the  Vinum  is  10  to  30 
minims,  and  that  of  the  drug  itself,  when  used  for  these  purposes,  is 
in:  to  £  gr. 

For  its  emetic  action,  tartarated  antimony  was  formerly  much  used 
in  bronchitis,  laryngitis,  and  diphtheria  of  children,  but  has  justly  fallen 
into  disfavour  owing  to  the  severe  depression  and  collapse  which  it  is 
capable  of  producing.  It  is  quite  unsuitable  as  a  means  of  simply 
emptying  the  stomach.  The  emetic  dose  of  it  is  1  to  2  grs. 
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It  is  sometimes  capable  of  stopping  persistent  oozing  hemoptysis  by 
its  depressing  action  on  the  circulation,  but  this  is  accompanied  by  the 
drawback  of  increased  mucous  secretion ;  and  if  such  a  method  of  treat- 
ment be  resolved  upon,  aconite  or  other  depressants  are  more  satisfactory. 
As  a  diaphoretic  in  chill  and  slight  feverish  attacks,  the  Pulvis  Anti- 
monialis  (B.P.  and  U.S.P.),  containing  1  gr.  of  antimony  oxide  in  3  grs. 
of  powder,  usually  acts  very  satisfactorily  in  doses  of  3  to  6  grs. 

Tartar  emetic  has  been  recommended  to  lessen  the  delirium  in  acute 
alcoholism.  If  the  patient  persists  in  drinking,  small  doses  added  to  the 
alcohol  induce  such  a  feeling  of  nausea  and  depression  that  the  craving 
disappears,  but  this  use  of  it  is  certainly  dangerous  in  feeble  and 
debauched  subjects.  Graves  used  antimony  and  opium  very  largely  to 
quiet  the  circulation  and  lessen  delirium  in  fever,  but  the  practice  has 
become  obsolete.  More  lately  Malcolm  Morris  and  Allan  Jamieson  have 
recommended  small  doses  (¥V  to  TV  to  \  gr.  tartar  emetic)  in  chronic 
dermatitis,  eczema,  psoriasis,  prurigo,  and  lichen  planus.  In  some  cases 
its  action  seems  to  be  superior  to  that  of  arsenic,  and  is  of  a  similar 
nature. 
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LEAD,  ZINC,  BISMUTH,  COPPER,  SILVEK. 
LEAD. 

LEAD  occurs  in  nature  in  large  quantities  as  sulphide  or  galena,  also 
in  smaller  quantities  in  the  form  of  oxide  and  carbonate.  The  official 
sources  from  which  the  salts  of  lead  are  obtained  for  therapeutical  purposes 
are  the  oxide  and  carbonate.  The  salts  of  lead  are  not  largely  employed 
in  medicine,  and  yet  there  is  probably  no  metal  which  has  played  such 
havoc  with  human  life  as  lead.  Lead  is  extensively  used  in  the  industries, 
is  strongly  poisonous,  and  yet  so  subtle  is  its  influence,  and  its  effects  so 
gradually  produced,  that  people  become  poisoned  by  it  often  unawares. 

Pharmacology. — External. — Applied  externally  to  the  unbroken 
skin,  the  action  of  lead  salts  is  slight.  Their  internal  administration  and 
external  application  in  disease  are  not  without  risk.  They  should  therefore 
be  used  with  caution  to  broken  skin  and  open  sores.  They  cause  coagula- 
tion of  the  albuminous  discharges,  and  this  forms  a  temporary  protective 
covering.  They  also  induce  coagulation  of  the  albuminous  substance  in 
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the  subjacent  tissues,  and  contraction  of  the  small  blood  vessels.  In  this 
way  is  explained  their  astringent  and  h.emostatic  action. 

Internal. — When  taken  by  the  rnouth,  it  is  difficult  to  say  in  what 
form  lead  is  absorbed  and  produces  symptoms  of  poisoning.  It  is  first 
converted  into  the  soluble  chloride  by  the  action  of  the  hydrochloric  acid 
of  the  gastric  juice.  Most  writers  are  of  opinion  that  this  is  transformed 
into  lead  albuminate,  but  as  this  is  precipitated  by  alkaline  carbonates  it  is 
difficult  to  believe  that  it  exists  in  this  form  in  the  blood.  Lead  compounds 
exert  their  baneful  influence  upon  the  kidney  and  liver,  also  upon  the 
muscular  and  nervous  tissues.  The  direct  effect  of  lead  salts  introduced 
into  the  blood  is  to  cause  death,  preceded  by  a  rapid  fall  of  the  blood 
pressure,  due,  as  R  A.  Bolam  and  myself  have  found,  to  paralysis  of  the 
muscle  of  the  heart. 

Therapeutics.  — Applied  in  the  form  of  an  ointment  or  a  lotion,  lead 
combinations  are  serviceable  in  moist  eczema.  In  leucorrhoea,  accompanied 
by  pain  and  sense  of  great  heat,  a  weak  Lotio  Plumbi  cum  Opio  (5  grs.  of 
extract  of  opium,  1  oz.  of  Liquor  Plunibi  Subacetatis  Dilutus,  and  10  oz.  of 
water)  often  gives  great  relief,  but  I  have  known  poisonous  effects  follow 
the  protracted  use  of  vaginal  douches  that  contained  lead. 

It  is  principally  in  the  treatment  of  diarrhoea,  the  looseness  of  the 
bowels  in  typhoid  fever,  in  gastric,  intestinal,  and  pulmonary  haemorrhages, 
that  lead  salts  are  administered  internally.  Pilula  Plumbi  cum  Opio  is 
often  given  to  combat  these.  By  it  intestinal  periastalsis  is  diminished, 
pain  relieved,  and  haemostasia  favoured.  When  haemorrhage  is  from  the 
rectum,  a  lead  and  opium  suppository  may  be  employed.  In  hemorrhoids, 
when  there  is  much  pain  and  a  sense  of  burning  heat  at  the  anus,  the 
addition  of  Liquor  Plumbi  Subacetatis  Dilutus  to  the  Unguentum  Galke 
cum  Opio  so  frequently  used  in  these  cases  gives  very  great  relief. 

PLUMBI  ACETAS  (B.P.  and  U.S.P.),  Lead  Acetate,  has  a  sweet  astringent 
taste,  and  is  used  in  medicine  internally  in  doses  from  1  to  5  grs.  It  may 
be  said  of  the  salts  of  lead  generally  that  they  impair  the  eliminating 
functions  of  the  internal  organs.  Eutherford  found  that  large  doses  of 
lead  acetate  lessened  the  secretion  of  bile,  probably  by  direct  action  upon 
the  liver  cells.  Given  in  small  doses,  the  drug  acts  as  a  sedative  and 
astringent,  diminishes  mucous  secretion,  and  checks  haemorrhage  from  the 
gastro-intestinal  tract.  It  is  useful,  therefore,  in  certain  forms  of  diarrhoea, 
but  its  administration  requires  care.  Given  internally  to  predisposed  sub- 
jects, it  has  precipitated  an  attack  of  gout.  Acetate  of  lead  should  always 
be  administered  with  caution,  for  some  people  are  extremely  susceptible  to 
its  influence.  A  few  grains  have  caused  such  unpleasant  symptoms  as 
stomatitis,  epigastric  pain,  and  diarrhoea.  Acetate  of  lead  is  incompatible 
with  sulphuric  and  tannic  acids  and  their  salts,  also  with  chlorides  and 
iodides. 

Applied  externally,  lead  acetate  acts  as  a  sedative  and  astringent, 
diminishing  discharges  from  ulcers  and  weeping  sores.  It  is  sometimes 
used  as  an  injection  in  gonorrhoea,  particularly  in  women,  and  as  a  lotion 
for  the  eyes,  but  it  must  be  used  with  very  great  care  as  a  collyrium,  and 
only  for  a  brief  period,  since  the  lead  salt  may  become  deposited  in  the 
cornea  and  cause  opacities.  As  a  lotion  it  forms  a  sedative  and  useful  ap- 
plication for  sprains,  bruises,  and  inflammation  of  the  skin.  The  following 
official  preparations  of  it  are  for  external  use.  Unguentum  Plumbi  Acetatis 
(B.P.),  and  several  preparations  made  from  the  acetate,  and  in  which  the 
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lead  exists  as  subacetate,  Pb.20(C2H302)2,  namely,  Liquor  Plumbi  Sub- 
acetatis  Fortis  (B.P.),  called  Liquor  Plumbi  Subacetatis  (U.S.P.),  known  as 
Goulard's  extract.  It  is  simply  a  25  per  cent,  solution  of  subacetate  of 
lead.  In  1760,  Goulard  made  an  "  extrait  de  Saturne  "  by  boiling  oxide  of 
lead  in  vinegar.  His  "aqua  vegeto-mineralis "  was  made  by  taking  a 
teaspoonful  of  the  extract  and  adding  to  it  twice  the  amount  of  brandy 
and  water.  This  official  Liquor  Plumbi  Subacetatis  is  too  strong  for 
ordinary  use,  and  therefore  Liquor  Plumbi  Subacetatis  Dilutus  is  official 
both  in  B.P.  and  U.S.P.  The  B.P.  preparation  contains  1  in  79  of  the 
strong  solution,  and  the  U.S.P.  preparation  1  in  33.  The  dilute  solution 
is  sold  as  aqua  or  liquor  Goulardi.  Subacetate  of  lead  lotion  is  used  as 
an  astringent  and  sedative ;  it  often  gives  considerable  relief  when  applied 
to  wounds  that  are  painful.  Other  official  preparations  of  the  subacetate 
are  Glycerinum  Plumbi  Subacetatis  (B.P.),  and  Unguentum  Glycerini 
Plumbi  Subacetatis  (B.P.). 

There  is  an  unofficial  Unguentum  Plumbi  Tannici  made  by  adding 
tannic  acid  to  a  solution  of  lead  subacetate,  and  subsequently  mixing  this 
with  lard.  The  ointment  is  yellow  in  colour,  and  was  introduced  by 
Antenneth  of  Tubingen  in  1816  as  a  preventive  against  bed-sores.  At 
present  it  is  not  used  to  any  extent  for  this  purpose,  there  being  better 
means  at  our  command  of  preventing  the  formation  of  bed-sores. 

It  is  usually  prescribed  for  internal  use  in  the  form  of  a  pill.  A  well- 
known  and  reliable  combination  is  Pilula  Plumbi  cum  Opio  (B.P.),  com- 
posed of  lead  acetate  6,  opium  1,  and  syrup  of  glucose  f ,  1  of  opium  in 
8.  Dose,  2  to  4  grs.  The  pill  is  very  serviceable  in  certain  forms  of 
diarrhoea,  accompanied  by  haemorrhage  or  watery  stools.  Lead  acetate  is 
also  contained  in  the  Suppositoria  Plumbi  Composita  (B.P.),  which  contain 
1  gr.  of  opium  and  3  grs.  of  acetate  of  lead  in  each.  There  is  no  official 
preparation  in  the  United  States  Pharmacopoeia  for  giving  lead  internally. 

PLUMBI  CARBONAS  (B.P.  and  U.S.P.),  Carbonate  of  Lead,  White  Lead.— 
Cerusa  is  the  old  Latin  name  for  what  is  now  called  white  lead.  Lead 
carbonate  was  known  to  the  ancient  Romans,  and  used  by  them  as  a 
cosmetic.  This  lead  compound  is  not  administered  internally,  but  may  be 
applied  to  external  surfaces  in  the  form  of  a  dusting  powder,  or  as  the 
Unguentum  Plumbi  Carbonatis  (B.P.  and  U.S.P.).  Thus  employed,  it  is 
an  astringent  and  sedative  to  inflamed  and  excoriated  skin,  but  care  must 
be  taken  where  the  skin  is  broken  that  absorption  does  not  take  place. 

PLUMBUM  IODIDUM  (B.P.  and  U.S.P.),  Lead  Iodide. — It  is  rarely  used  in 
medicine ;  usually  in  the  form  of  an  ointment,  namely,  Unguentum  Plumbi 
lodidi  (B.P.  and  U.S.P.),  and  seldom  as  Emplastrum  Plumbi  lodidi  (B.P.) 
as  a  resolvent  for  indolent  glandular  and  arthritic  swellings.  Any  good 
obtained  probably  depends  upon  the  iodine  in  the  compound. 

PLUMBI  OXIDUM  (B.P.  and  U.S.P.),  Lead  Oxide,  or  Litharge,  occurs 
as  yellowish  and  reddish  yellow  scales,  insoluble  in  water.  Emplastrum 
Plumbi  (B.P.  and  U.S.P.). — Lead  plaster  is  the  only  official  preparation 
from  the  oxide  ;  it  is  known  as  diachylon  plaster.  It  is  practically  a  lead 
oleate.  Oxide  of  lead  1,  water  1  or  a  sufficient  quantity,  olive  oil  (glyceryl 
oleate)  2,  are  boiled  together  for  four  hours,  and  frequently  stirred  until 
the  consistence  of  a  paste  is  reached.  Lead  plaster  is  contained  in 
Emplastra  Hydrargyri,  Plumbi  lodidi,  Kesinse  and  Saponis  (B.P.),  and  in 
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Emplastra  Ammoniac!  cum  Hydrargyro,  Ferri,  Hydrargyri,  Opii,  and  Kesime 
(U.S.P.).  Equal  weights  of  emplastra  plumbi  and  saponis,  when  melted 
and  mixed,  form  a  serviceable  application  to  corns.  Hebra's  diachylon 
plaster  is  lead  plaster  1,  soft  paraffin  1,  melted  together  with  heat. 

PLUMBI  NITKAS  (U.S.P.)  is  never  used  now.  Formerly  it  was  given 
internally. 

PLUMBI  OLEAS  (not  official)  is  obtained  from  lead  acetate,  280  grs.  dis- 
solved in  40  oz.  of  distilled  water ;  add  slowly  solution  of  sodium  oleate 
(1  of  Castile  soap  in  20  of  water),  20  fluid  oz. ;  warm  gently,  decant,  and 
dry  (Squire).  An  ointment  from  it  is  prepared  by  mixing  together  equal 
parts  of  lead  oleate  and  lard.  This  forms  a  very  pleasant,  soothing  ointment. 

LEAD  POISONING. 

Under  the  names  of  plumbism,  saturnine  poisoning,  colica  pictonum, 
and  colica  poitou,  lead  poisoning  has  long  been  known.  The  Romans  were 
acquainted  with  it.  Modern  civilisation,  the  increasing  demands  made 
upon  the  arts  and  sciences  for  cheaper  products,  and  the  practice  of  con- 
ducting drinking  water  into  houses  through  lead  pipes,  have  caused 
plumbism  to  become  at  times  almost  an  epidemic.  Jt  is  in  white  lead 
factories  and  potteries  where  raw  lead  is  extensively  used  that  the  work- 
people have  suffered  most.  Industrial  plumbism  is  sometimes  sudden  in 
its  development  and  rapidly  fatal  in  its  effects.  I  have  known  young 
women  die  from  acute  saturnine  poisoning  after  working  in  a  white  lead 
factory  for  four  months. 

Chronic  poisoning. — Gastro-intestinal  tract. — Generally  speaking,  the 
development  of  symptoms  of  acute  lead  poisoning  is  preceded  by  a  form  of 
anaemia  or  cachexia,  but  in  many  instances  the  first  symptom  complained  of 
is  colic,  a  severe  pain  in  the  abdomen  of  rather  sudden  development,  confined 
to  the  neighbourhood  of  the  umbilicus,  sometimes  relieved,  at  other  times 
aggravated,  by  pressure,  usually  accompanied  by  obstinate  constipation, 
and  yet  not  always  immediately  disappearing  on  the  bowels  being  freely 
moved.  There  is  difference  of  opinion  as  to  what  is  the  cause  of  lead  colic. 
The  immediate  cause  is  a  strong  peristaltic  contraction  or  a  limited  spasm 
of  portions  of  the  small  intestine,  for  after  death  the  intestine  is  found 
firmly  contracted  in  some  places  and  relaxed  in  others.  Whether  lead 
primarily  acts  upon  involuntary  muscular  fibre  causing  these  irregular 
contractions  of  the  bowel,  or  induces  them  by  operating  upon  the  sympa- 
thetic ganglia  of  the  abdomen,  thereby  constricting  intestinal  blood  vessels, 
it  is  impossible  to  say.  Its  effects  are  not  always  uniform.  Biegel  found 
that  lead  colic  was  frequently  accompanied  by  heightened  arterial  tension 
due  to  spasm  of  the  arteries  in  the  splanchnic  area;  and  while  in  the 
Goulstonian  Lectures  I  allude  to  the  same  phenomenon  in  several  of 
my  own  patients,  so  that  pain  seemed  to  be  associated  rather  with 
heightened  arterial  tension  than  with  constipation,  there  are  yet  cases 
in  which  the  pulse  instead  of  being  hard  is  extremely  soft  and  feeble, 
so  small  as  to  be  almost  imperceptible  to  the  touch,  and  of  which  a 
tracing  cannot  be  obtained  by  the  sphygmograph.  The  rise  of  the  blood 
pressure  might  be  due  to  irritation  of  sympathetic  nerves  causing  con- 
traction of  arteries  in  the  splanchnic  area,  while  the  extreme  feebleness 
of  the  pulse  may  be  due  to  the  direct  effect  of  lead  upon  the  heart 
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itself.  Vomiting  frequently  accompanies  the  colic.  Prior  to  these  the 
patient  may  have  complained  of  a  disagreeable  metallic  taste  in  the  mouth, 
especially  in  the  morning.  In  the  attack  of  pain,  the  abdomen  is  often 
retracted,  and  the  patient  tosses  about  unable  to  find  a  resting  place. 
Lead  colic  has  often  been  mistaken  for  appendicitis.  Sometimes  the  pain 
is  unilateral,  is  referred  to  one  side  of  abdomen  close  to  the  umbilicus ;  it 
is  aggravated  by  pressure,  and  is  accompanied  by  pain  along  the  course  of 
the  vagi  in  the  neck,  where  it  can  be  elicited  by  pressure.  On  examining 
the  gums  there  is  usually  observed  a  delicate  blue  line  on  their  margin  close 
to  the  teeth  (Burton),  more  developed  as  a  rule  on  the  lower  than  the  upper 
gum,  only  seen  where  teeth  are  present  and  best  developed  where  the 
gums  are  slightly  abraded  or  ulcerated.  1  have  seen  the  blue  line  develop 
on  the  gums  the  day  after  a  poisonous  dose  of  acetate  of  lead  was  taken. 
Once  developed  it  disappears  very  slowly  even  under  treatment,  the 
shortest  time  under  my  observation  being  three  months.  In  some  instances 
the  tongue  itself  becomes  blue,  the  papillae  become  prominent,  causing  the 
tongue  to  look  like  a  file.  Occasionally  blue-black  patches  of  varying  size 
can  be  seen  inside  the  cheeks  and  lips,  usually  opposite  a  decayed  tooth. 
Under  any  circumstances  the  presence  of  a  blue  line  on  the  gums,  although 
not  positive  proof,  is  strongly  suggestive  of  lead  poisoning.  It  may  be 
present  for  months  or  years  in  lead-workers  without  their  exhibiting  signs 
of  plumbism.  Taken  together  with  other  symptoms  and  with  a  history  of 
exposure  to  lead,  the  presence  of  Burton's  line  on  the  gums  is  a  valuable 
aid  to  a  diagnosis.  Bismuth  and  silver  salts,  if  taken  inwardly  for  a 
lengthened  period,  may  give  rise  to  a  bluish  black  line  on  the  gums,  and 
exposure  to  the  fumes  of  copper  may  cause  a  greenish  blue  line,  while  a 
delicate  black  line  may  occupy  a  similar  situation  in  Addison's  disease,  but 
notwithstanding  these  the  bluish  line  on  the  gums  remains  an  important 
sign  of  plumbism. 

Neuro-muscular  system. — In  some  people  lead  seems  to  pick  out  especi- 
ally the  neuro -muscular  apparatus.  Striated  muscular  fibre  is  easily 
exhausted  by  lead  salts ;  it  loses  its  power  of  responding  to  stimulation. 
After  a  few  contractions  it  becomes  so  fatigued  that  it  will  not  respond  to 
the  induced  current.  Clinical  experience  confirms  the  results  obtained  by 
experiment.  A  common  sign  of  plumbism  is  paralysis  of  the  extensors  of 
the  wrists  and  fingers  causing  "  wrist  drop,"  which  is  usually  double,  although 
worse  on  one  side  than  the  other.  The  paralysed  muscles  rapidly  atrophy, 
and  the  flexors  become  weak.  Although  the  extensors  of  the  wrists  and 
fingers  become  paralysed,  the  supinator  longus  remains  unaffected,  and  only 
becomes  involved  when  the  paralysis  attacks  the  muscles  higher  up,  for 
example,  those  of  the  shoulder.  The  group  of  muscles  known  as  the 
Duchenne-Erb  group  comprises  the  deltoid,  biceps,  brachialis  anticus,  and 
supinator  longus,  with  occasionally  the  supra-  and  infra-spinatus.  When 
this  group  of  muscles  is  paralysed,  the  arm  hangs  powerless  by  the  side  of 
the  body.  It  always  indicates  rather  a  severe  form  of  lead  poisoning. 
The  triceps  may  escape.  Some  physicians  have  stated  that  in  these  cases 
electrical  contractility  and  muscular  atrophy  are  not  so  pronounced,  but 
this  is  not  true  of  all  cases.  Sometimes  only  the  small  muscles  of  the 
hand  are  affected,  e.g.  those  of  the  thenar  and  hypothenar  prominences,  also 
the  interossei.  A  resemblance  to  progressive  muscular  atrophy  is  estab- 
lished, from  which  it  is  distinguished  by  the  electrical  reaction,  and  the 
fact  that  the  atrophy  accompanies  and  does  not  precede  the  paralysis. 
Occasionally  the  muscles  of  the  legs  and  trunk  become  paralysed — or  the 
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paralysis  affects  only  a  few  muscles  of  the  legs,  namely,  the  peroneal 
muscles  that  flex  the  foot  and  the  long  extensors  of  the  toes.  These 
muscles  correspond  to  those  ordinarily  affected  in  the  upper  extremities, 
namely,  the  extensors  of  the  wrist  and  fingers.  It  is  interesting  to  note 
that  the  tibialis  anticus,  which  is  supplied  by  the  same  nerve  as  the  affected 
muscles,  escapes  just  as  does,  the  supinator  longus  in  the  forearm.  Before 
the  muscles  become  paralysed  in  lead  poisoning  the  patient  has  generally 
experienced  a  sense  of  fatigue  if  not  of  actual  pain.  The  muscles  when 
grasped  feel  painful.  The  loss  of  power  in  the  muscles  may  develop 
rapidly  within  one  hour  or  within  one  day,  and  especially  is  this  the  case 
where  the  muscles  of  the  limbs  and  trunk  become  paralysed  en  bloc; 
usually  the  paralysis  develops  more  gradually.  Sometimes  tremor  of  a 
limb  is  present  without  paralysis.  In  nearly  all  those  affected  with 
saturnine  paralysis  there  is  well-marked  fibrillary  tremor  of  the  muscles  of 
the  lower  half  of  the  face  when  the  patient  is  asked  to  show  his  teeth. 
The  skin  may  be  normal  in  its  sensations,  anaesthetic  or  hypertesthetic. 
The  muscles  of  the  eyeballs  may  become  affected,  causing  ptosis,  or  there 
may  be  diplopia. 

The  question  as  to  whether  lead  paralysis  is  due  to  a  peripheral  or  central 
lesion  of  the  nervous  system  has  not  yet  been  completely  solved.  In  most 
instances  of  pronounced  paralysis  a  peripheral  nerve  lesion  is  present,  but 
in  many  bodies  pathological  changes  have  also  been  found  in  the  spinal 
cord.  Friedlander  taught  that  lead  first  caused  functional  disturbance  of 
muscle  followed  by  loss  of  nutrition,  and  that  this  was  succeeded  by  an 
overgrowth  of  the  connective  tissue,  causing  shrinking  of  the  muscular 
fibre  and  degeneration  of  nerve.  The  nerves  011  section  exhibit  a  marked 
increase  of  their  connective  tissue,  a  circumstance  which  lends  considerable 
support  to  the  theory  of  a  peripheral  nerve  lesion.  The  spinal  cord,  how- 
ever, is  not  typically  healthy.  Changes  have  been  found  in  the  anterior 
horns  of  grey  matter.  Saturnine  paralysis  is  usually  of  long  duration,  but 
recovery  may  ultimately  be  quite  complete.  The  paralysed  muscles  exhibit 
the  "  reaction  of  degeneration  "  (see  article  on  "  Electricity  "). 

Cerebrum. — Occasionally,  and  without  any  such  premonition  as  colic  or 
paralysis,  a  worker  in  a  white  lead  factory  is  all  at  once  seized  with  epilepti- 
form convulsions,  in  which  he  may  die,  or,  after  remaining  unconscious  for 
two  or  three  days,  he  recovers,  but  only  to  find  that  he  has  lost  his  eyesight. 
When  blindness  is  established  under  these  circumstances,  it  may  be 
permanent.  In  some  patients  the  power  of  vision  is  gradually  restored. 
Onophthalmoscopic  examination  there  is  found  well-marked  neuro-retinitis, 
often  with  retinal  haemorrhages.  Albumin  may  or  may  not  be  present  in 
the  urine  at  the  time,  a  circumstance  which  shows  that  the  retinitis  is  due 
in  some  peculiar  way  to  the  local  action  of  the  poison  and  not  to  co- 
existing kidney  disease.  Transient  blindness  is  occasionally  met  with, 
and  is  due  to  some  influence  exerted  upon  the  deeper  cerebral  centres  for 
vision  rather  than  upon  the  retina.  Lead  encephalopathy,  or  that  form 
of  lead  poisoning  in  which  there  are  epileptiform  convulsions  followed 
by  coma,  is  the  most  serious  type  of  plumbism.  It  affects  women  more 
frequently  than  men.  Sometimes  it  is  preceded  by  symptoms  of  hysteria 
so  insignificant  perhaps  as  to  attract  little  attention,  and  yet  within  forty- 
eight  hours  the  patient  may  be  dead.  This  toxic  hysteria  masks  a  deeper 
illness,  and  too  frequently  throws  a  medical  man  off  his  guard. 

In  addition  to  headache  and  epileptiform  convulsions,  lead  may  cause 
insanity.  The  delirium  may  be  at  first  acute,  and  after  the  excitement 


398  THE  ASTRINGENT  GROUP  OF  METALS. 

has  abated  the  patient  may  become  dull  and  melancholic.  Hemiplegia 
occasionally  occurs,  apparently  without  such  a  cause  as  haemorrhage.  I 
have  met  with  aphasia.  Symptoms  that  recall  general  paralysis  are 
occasionally  observed.  There  are  muscular  weakness,  embarrassment  of 
speech,  weakness  of  the  intellectual  faculties  and  of  the  memory.  The 
patient  sleeps  badly.  There  are  trembling  of  the  lips  and  tongue,  and  the 
individual  is  often  the  subject  of  imaginary  terrors.  The  illness  differs 
from  general  paralysis  in  its  sudden  onset,  and  is  unlike  it  too  in  being 
more  amenable  to  treatment.  Other  patients  exhibit  a  staggering  gait  and 
a  degree  of  muscular  inco-ordination  sufficient  to  suggest  locomotor  ataxia. 
The  knee-jerk  is  lost.  The  rapidity  with  which  the  symptoms  develop, 
and  the  ready  manner  in  which  they  yield  to  treatment,  differentiate  the 
illness  from  locomotor  ataxia. 

Kidneys. — In  old-standing  cases  of  lead  poisoning  the  kidneys  tend  to 
become  affected,  but  since  in  a  large  percentage  of  saturnine  encephalo- 
paths  the  urine  at  the  time  of  the  fits  does  not  contain  albumin,  the  seizure, 
although  resembling  eclampsia,  is  not  always  due  to  confirmed  renal  disease, 
but  depends  upon  either  the  action  of  lead  itself  upon  the  brain,  or,  what 
is  more  probable,  the  circulation  of  animal  poisons  retained  in  the  blood 
owing  to  the  action  of  lead  interfering  with  the  eliminating  function  of 
the  excretory  organs  of  the  body.  The  proof  that  the  convulsions  are  not 
always  due  to  the  specific  action  of  lead  upon  the  brain,  is  that  after  death, 
on  chemical  analysis,  not  a  trace  of  lead  was  found  in  the  cerebrum  of 
some  of  my  patients. 

Lead  that  has  gained  entrance  into  the  system  by  the  mouth  is  elimin- 
ated by  the  intestinal  canal  in  the  foeces,  and  slightly  too  by  the  kidneys. 
The  urine  of  patients  suffering  from  plumbism  frequently  contains  a  trace 
of  lead,  and  in  the  absence  of  well-marked  symptoms,  or  of  a  history  of  ex- 
posure to  the  poison,  the  detection  of  lead  therein  is  a  valuable  aid  to  a 
diagnosis.  It  is  sometimes  stated  that  the  metal  is  only  found  in  lead 
poisoned  individuals  whose  urine  contains  albumin.  This  is  inaccurate. 
When  albuminuria  is  established,  the  patient  at  the  same  time  exhibits  a 
well-marked  cachexia.  The  disease  runs  a  chronic  course,  and  the  patient 
dies  at  a,  comparatively  speaking,  early  age,  often  from  cerebral  haemor- 
rhage. The  symptoms  observed  during  life  in  these  cases,  namely,  pallor, 
gradual  deterioration  of  health,  pathological  alterations  in  heart  and  blood 
vessels,  and  albumin  in  the  urine  without  much  dropsy,  are  quite  in  keeping 
with  the  contracted  and  granular  state  of  the  kidneys  found  after  death. 
Interstitial  nephritis  is  found  in  most  cases  of  chronic  lead  poisoning. 
Although  this  is  the  usual  sequel,  it  is  none  the  less  true  that  in  the  early 
stages  of  plumbism,  as  well  as  in  animals  that  have  experimentally  been 
fed  upon  lead,  the  earliest  changes  in  the  kidney  are  of  the  nature  of 
tubal  nephritis.  It  is  the  renal  epithelia,  therefore,  that  probably  become 
first  affected,  and  finally  the  interstitial  tissue. 

Lead  diminishes  the  excretion  of  uric  acid.  In  consequence  of  its 
retention,  gout  may  develop.  Leuthje  believes  it  causes  over  production  of 
uric  acid.  This  subject  has  received  considerable  attention  at  the  hands  of 
Luff.  It  is  sufficient  to  state  here  that  while  in  London  a  lead-poisoned 
individual  is  extremely  prone  to  develop  gout,  the  association  of  plumbism 
and  gout  is  hardly  ever  observed  in  the  northern  counties  and  in  Scot- 
land. The  difference  in  the  drinking  habits  of  the  working  classes  may  be 
the  explanation. 

Uterus. — Women  who  are  exposed  to  the  influence  of  lead  often  suffer 
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from  menorrhagia  ;  in  a  few  there  is  amenorrhcea.  In  nearly  all  affected 
females  the  menstrual  function  is  deranged  one  way  or  the  other.  Preg- 
nant women  are  extremely  prone  to  abort.  In  Newcastle  it  is  not 
uncommon  for  female  lead  workers,  so  long  as  they  follow  their  occupation 
in  the  factory,  to  have  a  series  of  miscarriages,  and  only  to  become  capable 
of  bringing  forth  a  living  child  on  retiring  from  the  industry.  The  aborti- 
facient  properties  of  lead  are  well  known  to  females  of  the  working  classes, 
who  occasionally  resort  to  it  for  the  purpose  of  procuring  miscarriage. 
Employed  with  this  object,  pills  made  from  diachylon  plaster  have 
frequently  caused  death.  The  ecbolic  action  of  lead  salts  is  beyond  all 
dispute.  In  my  hands  they  have  caused  pregnant  animals  to  miscarry 
repeatedly ;  and  in  some  of  the  Yorkshire  towns  that  were  supplied  a  few 
years  ago  by  lead  contaminated  water,  there  was  observed  among  pregnant 
women  an  excessive  tendency  to  abortion. 

Treatment. — Treatment  is  preventive  and  curative.  If  a  worker 
in  a  lead  factory,  or  where  lead  salts  are  used,  is  showing  signs  of  ill 
health,  or  complains  of  recurrent  headache,  abdominal  pain,  and  in- 
ordinate constipation,  he  should  give  up  his  employment.  Some  people 
exhibit  a  marked  idiosyncrasy  to  lead,  and  are  readily  poisoned,  even 
by  minute  doses  of  it,  compared  to  others.  If  lead  salts  have  gained 
access  to  the  stomach,  the  administration  of  weak  sulphuric  acid  drinks 
will  render  them  more  or  less  insoluble.  Milk  or  white  of  egg  may 
be  given.  It  is  desirable  to  prevent  absorption  of  the  poison,  to  relieve 
symptoms,  and  to  favour  elimination  of  lead  from  the  system.  Colic 
is  generally  relieved  by  sulphate  of  magnesium,  with  a  little  opium  or 
belladonna.  Iodide  of  potassium  is  perhaps  the  best  eliminant,  and 
may  be  combined  with  the  magnesium  sulphate,  but  its  administration 
should  be  watched,  for  serious  consequences  have  occasionally  followed, 
owing  to  the  re-solution  of  insoluble  lead  compound  deposited  in  the 
tissues,  and  thus  reabsorption  into  the  circulation.  Monosulphite  of  sodium 
in  8  gr.  doses  thrice  daily  often  gives  relief.  A  hot  bath  will  often  remove 
the  pain  of  lead  colic.  Sulphur  baths  are  also  recommended.  Sometimes 
the  pain  is  so  severe  that  a  hypodermic  injection  of  morphine  is  called 
for.  When  a  hard  pulse  accompanies  colic,  pilocarpine  is  worth  a  trial. 
Semmola  recommends  the  use  of  the  constant  galvanic  current.  He 
applies  the  positive  pole  upon  the  tongue,  and  the  negative  over  the  region 
of  the  kidneys,  and  subsequently  changes  them  to  each  side  of  the  spine  and 
the  front  of  the  abdomen.  He  keeps  up  the  application  for  fifteen  or  twenty 
minutes  daily,  and  as  a  result  he  finds  that  in  a  few  days  traces  of  lead  are 
found  in  increasing  quantity  in  the  urine,  and  that  by  this  means  the  poison 
is  gradually  expelled  from  the  system.  As  to  the  value  of  electricity  in 
lead  paralysis  there  is  no  doubt.  It  should  be  systematically  persevered 
with  for  months  if  necessary,  for  recovery  is  often  slow.  Strychnine  should 
be  given  at  the  same  time  either  by  the  mouth  or  hypodermically.  During 
the  convulsive  seizures  of  lead  encephalopathy,  the  inhalation  of  nitrite  of 
amyl  will  be  found  beneficial.  Combemale  has  found  that  the  internal 
administration  of  large  doses  of  olive  oil  not  only  relieves  lead  colic  but  is 
helpful  in  encephalopathy. 

Acute  poisoning. — Acute  lead  poisoning  is  very  seldom  observed.  It 
is  generally  due  to  lead  acetate  having  been  taken.  The  patient  complains 
of  a  burning,  sweetish  taste  in  the  mouth.  There  are  thirst,  vomiting, 
colic,  and  constipation ;  the  skin  is  cold ;  the  patient  is  collapsed  and 
sleepy,  and  passes  into  a  state  of  coma.  Convulsions  may  develop.  At 
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the  autopsy  the  mucous  membrane  of  stomach  and  bowels  shows  signs  of 
irritant  poisoning,  namely,  reddening  with  excoriation  and  softening. 

Treatment. — If  the  patient  is  seen  early,  wash  out  stomach  or  give 
an  emetic.  It  is  well  to  give  an  aperient,  especially  a  sulphate,  e.g.  of 
soda  or  magnesia,  for  this  will  convert  any  soluble  lead  that  may  be  present 
into  the  rather  insoluble  sulphate.  Milk  should  be  given,  or  white  of 
egg.  Stimulants  will  be  necessary  if  there  is  collapse. 
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ZI-NC. 

Salts  of  zinc  are  used  in  medicine,  the  arts,  and  manufactures.  The 
metal  itself  is  seldom  found  pure  in  nature  ;  the  ore  often  contains  a  trace 
of  arsenic  or  lead,  hence  some  of  the  symptoms  arising  in  zinc  miners 
are  due  to  arsenic  as  well  as  zinc,  and  the  ill  health  of  men  who  melt 
spelter  is  consequent  upon  the  lead  which  this  metallic  compound  contains. 
According  to  Schlockow,  zinc  smelters  are  a  short-lived  body  of  men ; 
they  rarely  exceed  the  age  of  forty-five  years,  death  in  most  instances 
being  due  to  pulmonary  and  bronchial  catarrh,  accompanied  by  signs  of 
myelitis. 

The  oxide  of  zinc  is  used  in  calico  printing,  in  the  decolorisation  of 
glass,  and  in  the  manufacture  of  artificial  meerschaum  pipes,  also  as  a 
pigment  by  house  painters  as  a  substitute  for  white  lead.  Zinc  white  has 
neither  the  protecting  powers  nor  the  enduring  properties  of  the  carbonate 
of  lead,  but  it  is  useful  for  internal  decorative  work,  and  possesses  the 
advantage  over  the  lead  salt  of  being,  practically  speaking,  non-poisonous. 
Zinc  oxide  is  frequently  stated  to  be  poisonous,  but  during  my  visits  to 
manufactories  and  the  large  colour  works  of  our  country  I  could  learn  of 
no  pronounced  form  of  illness  occurring  in  the  men  exposed  at  their  work 
to  the  dust  arising  during  the  weighing,  mixing,  or  packing  of  the  powder, 
although  in  a  few  instances  there  were  complaints  of  headache,  nausea, 
vomiting,  and  of  cramp-like  pains  in  the  limbs.  How  far  these  symptoms 
are  due  to  pure  zinc  oxide  or  to  some  adulterant,  such  as  arsenic,  which  is 
so  often  present,  it  is  difficult  to  say. 

The  official  salts  of  zinc  mentioned  in  the  British  Pharmacopeia  are  the 
acetate,  carbonate,  chloride,  oxide,  sulphate,  sulphocarbolate,  and  valerianate ; 
those  in  the  United  States  Pharmacopoeia  are  the  acetate,  the  bromide,  the 
precipitated  carbonate,  the  chloride,  the  iodide,  the  oxide,  the  phosphide, 
the  sulphate,  and  valerianate. 

ZINC  CHLOKIDE  (B.P.  and  U.S.P.). — The  British  Pharmacopeia  has  an 
official  Liquor  Zinci  Chloridi  of  a  sp.  gr.  1-53.  The  United  States  has  no 
official  preparation. 

Pharmacology. — When  zinc  chloride  is  applied  externally  in  bulk 
or  in  a  strong  solution,  it  is  a  very  powerful  caustic.  Owing  to  its  great 
affinity  for  water,  it  rapidly  dehydrates  the  tissues,  and  causes  their 
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destruction.  Formerly  it  was  much  in  vogue  as  an  external  application 
in  cancer,  and  was  the  principal  ingredient  of  certain  well-known  pastes. 
It  often  caused  death,  the  symptoms  observed  during  life  being  a  burning 
pain  in  the  mouth  and  throat,  excessive  salivation,  bloody  vomit,  diarrhoea, 
collapse,  and  rapid  death.  In  milder  cases  there  were  loss  of  voice, 
muscular  spasms,  and  fatigue  and  impaired  vision.  When  zinc  chloride 
has  been  swallowed  its  effects  have  not  been  constant.  Six  grs.  of  the 
compound  caused  death,  while  in  another  instance  a  dose  of  200  grs.  has 
been  recovered  from.  The  salt  is  sometimes  present  in  minute  quantities 
in  tinned  vegetables,  owing  to  zinc  dissolved  in  hydrochloric  acid  having 
been  used  for  soldering. 

Therapeutics. — In  dilute  solutions  zinc  chloride  makes  a  good 
lotion,  possessing  stimulating  properties,  and  is  a  very  serviceable  ap- 
plication to  ulcers  failing  to  heal  from  want  of  vitality.  It  is  also  a 
disinfectant,  and  may  be  used  as  a  substitute  for  carbolic  acid  in 
washing  out  cavities  containing  offensive  discharges ;  also  in  a  very  weak 
form,  1  gr.  to  the  oz.  of  water,  as  an  injection  in  gonorrhoea.  Zinc 
chloride  is  the  principal  ingredient  of  Burnett's  fluid,  a  well-known 
domestic  disinfectant.  It  is  said  by  some  to  be  both  an  antiseptic 
and  disinfectant,  while  by  others  it  is  spoken  of  as  a  weak  disinfectant, 
but  possessing  strong  antiseptic  powers.  It  is  not  always  easy  to  dis- 
tinguish between  agents  possessing  these  properties.  An  antiseptic  is 
an  agent  that  is  capable  of  destroying  pathogenic  microbes,  but  the 
term  includes  substances  that  retard  the  growth  of  micro-organisms,  that 
render  harmless  the  action  of  their  poisonous  products  upon  the  tissues,  or 
that  prevent  the  absorption  of  these  products.  Germicides,  for  example, 
destroy  microbes.  Disinfectants,  whatever  may  be  said  to  the  contrary, 
have  practically  the  same  power.  They  destroy  micro-organisms  and  their 
compounds  on  foul  surfaces,  and  are  generally  used  in  the  form  of  stronger 
solutions ;  but  the  same  drugs,  e.g.  zinc  chloride,  iodoform,  carbolic  acid, 
etc.,  appear  under  both  headings  in  text-books.  It  would  appear, 
therefore,  as  if  the  application  of  the  word  "  disinfectant "  to  substances 
that  destroy  micro-organisms,  and  of  "  antiseptic  "  to  those  substances  that 
simply  prevent  their  growth,  was  too  limited.  It  is  sometimes  difficult  to 
distinguish  between  prevention  of  growth  and  destruction  of  microbes. 

The  intra-uterine  injection  of  strong  zinc  chloride  solution  has  caused 
death.  The  symptoms  complained  of  were  severe  abdominal  pain  and 
vomiting,  followed  by  collapse,  and  at  the  autopsy  there  were  found  fluid 
in  the  peritoneal  cavity,  discoloration  and  swelling  of  mucous  membrane 
of  the  uterus  and  Fallopian  tubes. 

ZINC  OXIDE  (B.P.  and  U.S.P.).— The  dose  is  3  to  15  grs.  Both  the 
British  and  United  States  Pharmacopoeias  have  an  official  ointment  made 
from  the  oxide.  It  is  called  Unguentum  Zinci  (B.P.),  and  Unguentum 
Zinci  Oxidi  (U.S.P. ).  It  is  made  with  benzoated  lard. 

External. — Zinc  oxide  is  applied  externally  as  a  dusting  powder  mixed 
with  starch,  or  in  the  form  of  an  ointment.  It  is  a  mild  astringent  and 
gentle  stimulant.  Possibly  when  thus  used  it  is  dissolved  in  the  acid 
secretions  of  the  parts,  and  forms  an  albuminate.  It  is  supposed  to 
possess  mild  antiseptic  properties,  and  to  have  the  power  of  checking  the 
development  of  micro-organisms,  lessening  secretion,  reducing  odour,  and 
thereby  promoting  healing.  Zinc  oxide  is  also  used  externally  for  burns, 
ulcers,  skin  diseases,  and  for  eczema,  especially  when  the  skin  is  moist. 
26 
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It  is  not  so  useful  when  the  skin  is  dry.  The  ointment  is  very  serviceable 
when  the  eczema  is  located  in  the  legs.  Unna's  dressing,  which  is  com- 
posed of  4  parts  of  gelatin,  10  of  water,  10  of  glycerin,  and  4  of  zinc 
oxide,  soon  decreases  the  swelling  of  the  limb,  and  forms  a  soothing  appli- 
cation when  there  is  distressing  irritation. 

Internal. — When  administered  by  the  mouth,  zinc  oxide  is  partly  dis- 
solved in  the  stomach,  and  is  capable  of  acting  as  a  mild  astringent,  not  only 
relieving  diarrhoea,  especially  when  combined  with  bismuth,  but  of  check- 
ing discharges  from  other  mucous  surfaces,  e.g.  the  uterus  and  vagina.  It 
is  usually  administered  in  the  form  of  a  pill  made  with  glucose  or  as  a 
powder  alone,  or  with  sodium  bicarbonate.  The  dose  varies  from  3  to  15 
grs.,  given  at  bedtime. 

Formerly  zinc  oxide  was  held  in  great  repute  in  the  treatment  of 
epilepsy,  especially  arising  during  childhood,  but  it  has  been  superseded 
by  the  bromides.  At  the  present  time  zinc  oxide  is  employed  internally 
in  reducing  the  night  sweats  of  phthisis,  and  of  other  microbic  diseases. 
The  best  results  are  obtained  when  it  is  given  along  with  belladonna. 
Probably  the  vegetable  ingredient  here  is  a  stronger  anti-sudorific  than 
the  metal. 

The  bronchial  and  intestinal  catarrhs  which  the  zinc  miners  in  Silesia 
suffer  from,  have  been  attributed  to  the  inhalation  of  zinc  oxide,  apart  from 
the  possibility  of  the  presence  of  arsenic.  The  men,  after  working  in  the 
mines  for  ten  or  twelve  years,  become  cachectic  and  present  many  of  the 
symptoms  of  tabes  dorsalis.  They  have  fleeting  pains  in  their  limbs, 
localised  anaesthesia,  general  paresis,  and  exhibit  an  awkward  gait  when 
walking,  due  to  loss  of  muscular  sensibility.  The  skin  and  tendon 
reflexes  are  exaggerated.  These  effects  are  by  some  ascribed  to  zinc  oxide 
alone.  This  compound  is  known  to  have  produced  in  animals  inflammation 
of  the  kidneys  with  fatty  degeneration  of  the  renal  epithelia.  It  cannot, 
however,  be  regarded  as  a  strong  poison.  I  have  administered  it  to  animals 
in  increasing  doses  for  a  lengthened  period  without  any  bad  results  following. 
Popoff  believes  it  to  be  a  cause  of  headache,  cramp  in  the  limbs,  nausea, 
vomiting  and  diarrhoea.  In  the  urine  of  workmen  presenting  these  symptoms 
he  found  zinc. 

ZINC  SULPHATE  (B.P.  and  U.S.P.),  White  Vitriol. — Dose,  1  to  3  grs.,  as 
a  tonic  ;  10  to  30,  as  an  emetic.  It  resembles  Epsom  salts  in  appearance, 
and  has  thus  often  been  swallowed  inadvertently. 

External. — In  varying  strengths  it  forms  a  useful  injection  in  leucor- 
rhoea  and  gonorrhoea,  and  in  extremely  weak  doses  is  much  used  as  a 
wash  to  the  eye.  It  is  the  principal  ingredient  in  the  well-known  red 
wash  much  used  in  the  treatment  of  indolent  ulcers,  and  which  is  com- 
posed of  zinc  sulphate  2  grs.,  compound  tincture  of  lavender  10  minims, 
water  to  1  fluid  oz. 

Internal. — Some  time  ago  it  had  repute  as  a  tonic,  and  was  given  in 
3  gr.  doses  in  cases  of  old-standing  bronchitis,  with  the  view  of  diminishing 
the  excessive  secretion  of  the  bronchial  tubes.  It  has  also  been  employed 
in  epilepsy  and  whooping-cough,  but  with  doubtful  results.  Zinc  sulphate 
is  best  known  as  a  safe  reliable  emetic,  and  is  not  so  depressant  in  its 
action  as  sulphate  of  copper. 

Although  zinc  sulphate  has  often  been  taken  either  by  accident  or 
design,  it  has  seldom  caused  death,  owing  to  the  fact  that  it  acts  as  its  own 
emetic  and  is  therefore  expelled.  Serious  symptoms  would  probably  ensue 
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were  it  not  vomited.  In  one  instance  where  1  oz.  of  white  vitriol  was 
swallowed  by  mistake,  it  caused  severe  vomiting  and  purging,  followed  by 
cramp  in  the  limbs  and  severe  prostration.  The  drug  is  known  to  have 
caused  death  when  taken  in  a  large  dose;  collapse  suddenly  developed. 
At  the  autopsy  there  was  observed  inflammation  of  the  gastro-intestinal 
mucous  membrane,  and  zinc  was  subsequently  found  in  the  stomach  and 
intestines,  the  liver  and  spleen. 

ZINC  ACETATE  (B.P.  and  U.S.P.). — Zinc  acetate  has  astringent  properties 
similar  to  the  sulphate,  and  it  finds  similar  employment.  Dose  1  to  2  grs. 

ZINC  VALERIANATE  (B.P.  and  U.S.P.),  Valerianate  of  Zinc,  is  a  favourite 
remedy  with  several  physicians  for  nervous  affections,  particularly  of  a 
functional  or  hysterical  character,  in  which  it  seems  to  act  as  a  tonic  to  the 
nervous  system,  and  as  an  antispasmodic.  It  has  proved  very  serviceable 
in  my  hands  in  the  treatment  of  traumatic  diabetes  insipidus,  especially  in 
reducing  the  large  quantity  of  urine  so  frequently  passed  in  these  cases. 
Dose,  1  to  3  grs.,  given  in  pill.  It  contains  a  volatile  oil  which  is  excreted 
in  the  urine  and  breath. 

OLEATUM  ZINCI  (U.S.P),  UNGUENTUM  ZINCI  OLEATIS  (B.P.),  Zinc  Oleate 
Ointment. — It  forms  an  excellent  ointment  for  the  various  local  diseases 
for  which  zinc  compounds  are  beneficial. 

ZINC  CARBONATE  (B.P.). — The  anhydrous  carbonate  of  zinc  occurs 
native  as  calamine.  This  was  formerly  official  in  the  B.P.,  and  is  still 
official  in  the  U.S.P.  as  Zinci  Carbonas  Precipitatus. 

Zinc  carbonate  is  used  externally  as  an  ointment  or  as  a  lotion.  It  is 
useful  in  eczema,  especially  the  moist  variety.  In  its  action  it  is  similar  to 
the  oxide,  with  which  it  may  be  conveniently  mixed.  It  forms  a  useful 
application  in  intertrigo,  where  the  folds  of  the  skin  of  the  buttocks  have 
been  reddened  by  irritating  faecal  or  urinary  discharges.  Lotions  and 
ointments  of  calamine  are  very  frequently  ordered.  One  part  to  five  of 
benzoated  lard  forms  a  good  ointment,  and  the  following  is  a  useful  lotion : 
Calamine,  15  grs.;  zinc  oxide,  15  grs.;  lime  water,  80  minims;  glycerin, 
20  minims ;  water,  1  fluid  oz. 

ZINC  BROMIDE  (U.S.P.)  has  been  used  in  the  treatment  of  epilepsy 
in  doses  varying  from  3  to  5  grs.,  or  more,  thrice  daily,  on  the  ground 
that  as  each  of  the  constituents  is  given  for  the  malady,  these,  when 
combined,  should  prove  equally  efficacious.  Experience  has  not  shown 
that  zinc  bromide  is  equal  to  the  bromides  of  the  alkalies.  The  drug 
is  not  well  borne.  In  large  doses  it  causes  somnolence  and  diminishes 
sensation. 

ZINC  IODIDE  (U.S.P),  dose  \  to  2  grs.,  has  been  proposed  as  a  tonic, 
but  it  has  not  come  into  general  use. 

ZINC  PHOSPHIDE  (U.S.P.)  has  been  recommended  as  a  substitute  for 
phosphorus  on  account  of  its  stability.  In  some  forms  of  cardiac  disease, 
especially  aortic  regurgitation,  I  have  found  it  give  considerable  relief, 
administered  in  pill  form,  commencing  with  \  of  a  grain  twice  or  thrice 
daily. 
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ZINC  SULPHOCARBOLATE  (B.R),  Zinc  Phenol-parasulphonate. — It  is  an 
astringent  and  disinfectant  and  antiseptic,  and  has  been  found  useful  as  a 
spray  to  the  nose  and  throat  (2  grs.  to  1  ox.),  and  as  a  vaginal  douche  in 
leucorrhtea,  60  grs.  to  1  pint  of  water. 

ZINC  PERMANGANATE.  —  Although  not  official,  this  is  a  well-known 
zinc  salt.  It  occurs  as  reddish  purple  crystalline  masses,  soluble  in 
water  (1  to  3),  forming  a  solution  not  unlike  Condy's  fluid.  It  is  an 
excellent  astringent  and  deodorizer;  10  grs.  to  a  pint  of  water  make  a 
very  serviceable  vaginal  douche  in  leucorrhoea,  especially  when  the  dis- 
charge has  an  offensive  smell.  It  has  one  drawback :  it  stains  the  linen. 
Zinc  permanganate  is  also  useful  as  an  injection  in  gleet,  1  gr.  to  8  oz.  of 
water. 

TOXICOLOGY. 

Acute  poisoning  has  followed  the  ingestion  of  large  quantities  of  zinc 
sulphate.  In  one  instance,  where  1  oz.  of  the  drug  was  taken  in  mistake 
for  Epsom  salts,  the  symptoms  were  severe  vomiting  and  purging,  cramps 
in  the  legs,  and  great  prostration,  and  although  this  patient  recovered,  a 
smaller  quantity  of  the  zinc  salt  in  another  instance  caused  death  in  thirty 
hours,  preceded  by  symptoms  similar  to  those  just  mentioned,  but  followed 
by  sudden  collapse.  One  of  the  principal  things  complained  of  is  a  strong 
metallic  taste  in  the  mouth.  The  symptoms  of  zinc  poisoning  will  natur- 
ally depend  upon  the  particular  salt  that  has  been  swallowed.  The  sul- 
phate, for  example,  is  an  irritant,  whereas  the  chloride  is  an  escharotic, 
hence  gastro-enteritis  will  be  more  severe  in  poisoning  by  zinc  chloride 
than  by  the  sulphate. 

Treatment. — Give  the  patient  milk  or  white  of  egg  mixture,  followed  by 
drinks  containing  carbonates  and  phosphates  of  the  alkalies  as  antidotes. 
Since  zinc  salts  combine  with  tannic  acid  to  form  rather  an  insoluble 
tannate,  decoctions  containing  this  astringent  are  recommended ;  hence 
strong  tea  is  useful.  Symptoms  consequent  upon  gastritis,  ulcerative  or 
otherwise,  must  be  treated  on  general  lines. 

Chronic  poisoning  has  followed  the  lengthened  administration  of  zinc 
salts  for  epilepsy.  The  symptoms  are  not  unlike  those  observed  in  chronic 
plumbism,  namely,  loss  of  flesh,  colic,  constipation  or  diarrhoea,  loss  of 
appetite,  and  muscular  pains  in  the  limbs.  It  is  generally  considered  that 
zinc  forms,  with  solutions  of  albumin,  an  albuminate,  and  that  it  is  in  this 
form  zinc  is  absorbed  into  the  blood.  Vomiting,  however,  occurs  equally 
readily  after  the  ingestion  of  the  albuminate  as  after  other  zinc  salts, 
even  when  it  has  been  injected  subcutaneously  or  into  the  veins,  and  after 
death  the  metal  is  found  in  the  bones,  liver,  brain,  and  muscles.  The  bile 
and  urine  are  the  media  by  which  it  is  eliminated  from  the  system. 

Treatment. — In  cases  of  chronic  zinc  poisoning,  sulphur  baths  have 
proved  efficacious,  and,  as  regards  medicines,  iodide  of  potassium  is  the 
most  serviceable. 

Incompatibles  of  zinc  are  alkalies  and  their  carbonates,  lime  water, 
astringent  vegetable  infusions  or  decoctions,  and  milk.  Upon  milk  zinc 
exercises  a  peculiar  influence.  It  has  been  found  when  milk  is  kept  in 
zinc  vessels  that  it  does  not  become  sour.  The  zinc  oxide  which  is 
present  unites  with  the  lactic  acid  of  the  milk,  forming  the  rather  in- 
soluble zinc  lactate,  and  by  this  means  the  lactic  acid,  which  is  the  cause  of 
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the  souring  of  milk,  is  removed  as  quickly  as  it  is  formed.  The  acidification 
of  the  milk  is  thereby  prevented.  Under  any  circumstances,  when  zinc  is 
exposed  to  a  moist  atmosphere  it  becomes  covered  with  a  thin  film  of  the 
oxide,  which,  while  insoluble  in  water,  readily  dissolves  in  water  containing 
common  salt.  It  should  therefore  be  borne  in  mind,  in  regard  to  the 
keeping  of  liquid  food  in  zinc  vessels,  that  the  solvent  power  of  the  liquid 
is  directly  proportional  to  the  amount  of  chloride  present. 

REFERENCE. 

SCHLOCKOW. — Deutsche  med.  Wchnschr.,  Leipzig,  1879,  S.  208. 

THOMAS  OLIVER. 

BISMUTH. 

Until  the  commencement  of  the  sixteenth  century  bismuth  had  not 
been  distinguished  from  lead  and  tin.  Two'  hundred  years  afterwards  its 
properties  were  studied  by  Pott  and  Becker,  and  the  drug  began  to  be  used 
in  medicine.  In  nature  the  metal  is  frequently  found  associated  with 
arsenic  and  sulphur,  so  that  before  it  can  be  used  it  has  to  be  freed  from 
these  impurities.  Bismuth  combines  with  acids  to  form  salts,  and  while 
not  directly  uniting  with  oxygen  it  still  does  so,  forming  various  oxides. 
Most  of  its  salts  are  rather  insoluble.  Those  that  are  soluble  become 
precipitated  when  dissolved  in  water  as  insoluble  basic  compounds. 

A  certain  delay  attended  its  introduction  into  medicine  owing  to  death 
having  followed  the  ingestion  of  2  drms.  When  serious  consequences  have 
followed  the  internal  administration  of  the  insoluble  salts,  doubtless  in 
some  instances  they  have  been  due  to  such  adulterants  as  lead  or  arsenic, 
but  they  are  known  to  have  occurred  after  the  employment  of  perfectly 
pure  compounds.  There  are  many  physicians  who  question  whether 
bismuth  has  any  toxic  properties  at  all.  It  has  been  demonstrated,  how- 
ever, that  if  the  drug  is  introduced  directly  under  the  skin  it  produces 
symptoms  of  poisoning  almost  as  acute  as  those  of  antimony.. 

Pharmacology.  —  Soluble  salts.  —  When  administered  in  large 
doses,  soluble  salts  act  like  arsenic  or  antimony,  causing  gastro-enteritis 
with  fatty  degeneration  of  the  liver,  and  they  also  produce  irritation 
owing  to  the  special  acid  with  which  they  are  combined,  but  when  given 
in  small  doses  they  produce  a  sedative  effect. 

Numerous  experiments  have  been  made  with  these  salts  administered 
by  the  stomach,  hypodermically,  and  injected  into  the  veins.  Orfila  injected 
subcutaneously  0'60  to  075  grm.  (10  to  12  grs.)  of  the  neutral  nitrate  of 
bismuth  into  animals  :  death  followed  in  ten  minutes.  In  other  experiments 
the  animals  appeared  to  suffer  from  vertigo :  there  were  also  convulsive 
tremors  of  the  posterior  extremities,  excited  action  of  the  heart  accom- 
panied by  rapid  and  difficult  breathing.  At  the  autopsy  the  tongue 
and  mucous  membrane  of  the  mouth  were  found  to  be  livid,  the  lungs 
congested,  and  the  heart  filled  with  black  blood.  Three  to  10  grms.  (46  to 
154  grs.)  of  the  same  salt  administered  by  the  mouth  caused  death  pre- 
ceded by  vomiting,  and  at  the  post-mortem  examination  the  stomach  was 
found  ulcerated  and  the  duodenum  the  seat  of  red  patches.  It  is  remarked 
by  Orfila  that  in  these  experiments  it  is  difficult  to  separate  the  two 
actions,  that  of  the  nitric  acid  in  the  salt  as  a  caustic  from  the  toxic  effect 
of  the  bismuth  itself.  In  order  to  settle  this  question,  Rabuteau  employed 
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the  double  tartrate  of  bismuth  and  potassium,  a  salt  which  is  soluble  in 
organic  acids  and  not  a  caustic.  He  found  it  even  more  toxic  than  the 
tartrate  of  antimony.  The  ammoniated  citrate  of  bismuth  caused  death 
when  administered  in  the  ratio  of  0'6  gr.  (9'3  grs.)  per  kilo  of  animal,  the 
principal  changes  observed  being  almost  as  complete  fatty  degeneration  of 
liver,  kidneys,  and  heart  as  is  found  in  phosphorus  poisoning.  When  the 
animal  survived,  it  suffered  from  diarrhoea,  tremors,  exaggerated  sensibility, 
and  muscular  inco-ordination.  Serious  consequences  have  therefore  fol- 
lowed the  administration  of  this  drug,  whether  given  hypodermically  or  by 
the  mouth  to  rabbits.  Cold  blooded  animals  fared  equally  badly.  If  the 
dose  was  large,  death  came  from  cardiac  failure.  In  subacute  poisoning  of 
animals,  even  when  the  medicine  was  administered  hypodermically,  there 
were  observed  a  marked  fall  of  the  arterial  pressure  and  temperature,  and 
extensive  inflammation  of  the  gastro-intestinal  tract.  In  Steinfeld  and 
Meyer's  experiments  upon  animals  with  the  double  tartrate  of  bismuth 
and  sodium,  the  muscular  phenomena  induced  bore  such  a  resemblance  to 
those  observed  in  strychnine  poisoning,  that  the  salts  of  bismuth  were 
considered  to  have  acted  upon  the  spinal  cord  in  its  length,  exciting  its 
convulsive  centres  in  a  manner  similar  to  picrotoxine  and  the  salts  of 
barium.  According  to  these  observers,  bismuth  would  appear  to  have 
a  toxic  action  upon  the  nervous  system,  especially  the  medulla  and  spinal 
cord,  there  being  two  stages  of  poisoning — (1)  an  exaggerated  activity  of 
excito-motor  areas  characterised  by  convulsions,  vomiting,  and  tumultuous 
breathing,  and  (2)  motor  paralysis  of  central  origin,  fall  of  arterial  pressure, 
and  slowing  of  respiration  while  the  heart's  action  is  influenced  through 
the  nervous  system.  Other  symptoms,  such  as  albuminuria,  stomatitis, 
and  diarrhoea  with  tenesmus  were  observed,  and  at  the  autopsy  in  cases  of 
chronic  poisoning,  even  when  the  bismuth  had  been  injected  subcutaneously 
or  into  veins,  there  were  found  deep  dark  staining  of  the  large  intestine 
with  its  mucous  membrane  necrosed  in  patches,  while  the  lining  membrane 
of  the  stomach  and  small  intestine  was  healthy.  In  Balzer's  experiments 
upon  animals  with  the  citrate  of  bismuth,  the  animals  suffered  from 
stomatitis  accompanied  by  sloughing  and  fetid  breath,  not  unlike  that 
observed  in  mercurial  poisoning.  The  toxicity  of  bismuth  is  therefore 
on  the  whole  well  established.  Its  soluble  salts  in  large  doses  act  as 
convulsants  upon  the  nervous  system,  exciting  the  motor  centres  of  the 
spinal  cord. 

Insoluble  salts. — The  action  of  the  insoluble  salts  is  probably  largely 
mechanical,  and  they  are  on  the  whole  well  borne,  and  when  pure  cause 
but  slight  harmful  effects  locally.  For  a  long  time  they  were  only  used 
externally,  but  since  1786,  when  Odier  drew  attention  to  the  beneficial 
influence  of  the  subnitrate  in  checking  diarrhoea,  bismuth  has  been  largely 
employed  internally. 

Of  these  salts  the  subnitrate  and  carbonate  are  the  most  important,  and 
of  these  two  the  subnitrate  is  probably  the  more  employed.  When  given  by 
the  mouth,  contradictory  results  have  been  obtained  by  different  observers. 
Nausea,  vomiting,  feeble  pulse,  and  fainting  are  said  to  have  been  caused  by 
large  doses.  According  to  Kerner,  8  grins.  (125  grs.)  of  the  subnitrate  of 
bismuth  caiised  the  death  of  a  man  nine  days  after  the  drug  was  taken,  the 
symptoms  presented  being  vomiting  of  dark  material,  black  liquid  stools, 
cramps  of  extremities,  inflammation  of  mouth  and  uvula,  respiratory 
troubles,  oedema,  and  anuria,  and  at  the  autopsy  there  were  found  such 
lesions  in  the  alimentary  tract  as  patches  of  gangrene,  inflammation,  and 
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softening  of  the  gastric  mucous  membrane.  Vomiting,  complaint  of  a 
metallic  taste  in  the  mouth,  colic,  diarrhoea,  stomatitis,  and  ptyalism 
are  symptoms  recorded  by  several  observers.  There  is  evidently  an  idio- 
syncrasy in  certain  people  to  bismuth.  In  my  own  experience  I  have 
found  a  few  patients  upon  whom  the  medicine  acted  as  a  decided  irritant 
to  the  stomach  and  as  an  excitant  to  the  nervous  system, — people  with  an 
excitable  nervous  system,  highly  strung,  and  the  subjects  of  irritative 
dyspepsia.  Appearances  similar  to  those  observed  in  scurvy  have  been 
induced  by  the  lengthened  administration  of  bismuth,  and  yet  Trousseau 
relates  that  he  gave  as  much  as  18  grms.  (280  grs.)  of  the  subnitrate  daily 
to  a  patient  suffering  from  an  uncontrollable  diarrhoea,  and  Monneret  tells 
us  he  gave  80  grms.  (2|  oz.)  to  a  patient  without  any  bad  results  following. 
When  given  by  the  mouth,  bismuth  subnitrate  would  seem  to  have  very 
little  bad  effect,  and  where  such  has  followed  it  has  generally  been 
attributed  to  the  presence  of  arsenic.  It  is  rather  an  insoluble  substance, 
but  if  given  along  with  the  acid  tartrate  of  soda  a  double  tartrate  of  bis- 
muth and  soda  is  formed,  which  is  soluble,  is  diffusible  through  the  system, 
and  is  capable  of  causing  death.  So  long  as  we  employ  the  insoluble  salts 
of  bismuth  and  administer  them  by  the  mouth,  they  are  not  dangerous, 
for  they  do  not  appear  to  be  dissolved  to  any  extent  either  in  the  acid  of 
the  gastric  juice  or  the  alkaline  secretions  of  the  small  intestine.  Bismuth 
is  eliminated  in  the  fteces,  and  imparts  to  them  a  characteristic  black 
colour  due  to  the  presence  of  the  sulphide  of  bismuth.  The  subnitrate  acts 
locally,  modifying  the  vitality  and  function  of  the  mucous  lining  of  the 
digestive  canal,  and  by  diminishing  secretion  it  favours  the  cure  of 
intestinal  ulceration  and  checks  diarrhoea.  It  has,  too,  an  absorbent 
action,  for  it  takes  up  sulphuretted  hydrogen  in  the  intestine,  and  thus 
neutralises  vicious  secretions.  A  mechanical  and  chemical  action  might 
thus  be  assigned  to  it  in  the  intestine.  Although  the  insoluble  salts  of 
bismuth  are  not  quickly  acted  upon  by  the  feeble  acids  of  the  stomach, 
they  are  still  capable  of  being  absorbed,  for  bismuth  is  found  in  the  internal 
organs,  and  this,  too,  has  taken  place  when  insoluble  compounds  have  been 
injected  hypodermically  or  applied  to  open  wounds,  a  result  probably  due 
to  the  bismuth  entering  into  combination  with  the  albuminous  substances 
in  the  tissues.  When  the  medicine  has  been  absorbed  it  is  found  in  the 
gastro-intestinal  mucous  membrane,  walls  of  blood  vessels,  in  the  liver, 
kidneys,  spleen,  and  nervous  system.  It  has  also  been  found  in  the  milk 
of  nursing-women.  Its  presence  in  animal  cells  causes  necrosis.  In  the 
renal  epithelia  it  leads  to  albuminuria  and  the  presence  of  casts  in  the 
urine;  ultimately  it  sets  up  structural  changes  in  the  kidney.  When 
present  in  the  liver  there  are  signs  of  fatty  degeneration,  and  in  the 
intestinal  canal  there  is  observed  a  peculiar  pigmentation  with  a  tendency 
to  very  slight  superficial  necrosis.  Sometimes  the  breath  of  patients 
taking  it  smells  of  onions;  this  is  due  to  contamination  of  the  bismuth 
with  tellurium. 

Toxicology. — There  are  on  record  very  few  cases  of  poisoning  by 
bismuth.  When  death  has  occurred  it  has  generally  been  ascribed  to  the 
presence  of  arsenic.  In  the  case  of  the  subnitrate,  the  liberation  of  the 
acid  may  have  had  some  influence.  Poisoning  has  only  occurred  when 
the  dose  has  been  large,  although  it  is  admitted  that  certain  people  ex- 
hibit an  idiosyncrasy  in  regard  to  the  drug.  Lebedeff  states  that  when 
animals  receive  for  a  lengthened  period  bismuth  in  their  food,  glycogen 
disappears  from  the  liver.  There  is  generally  found  the  subacute  inflam- 
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mation  of  the  kidney,  which  occurs  when  that  organ  is  called  upon  to 
excrete  metallic  substances  foreign  to  the  body,  and  which  is  known  as 
the  metallniere,  or  metal  kidney  of  German  writers. 

Therapeutics. — External. — Bismuth  subnitrate  and  carbonate  are 
used  as  dusting  powders,  lotions,  or  ointments  for  abrasions  and  itchiness 
of  the  skin,  ulcers,  and  eczema.  By  some  surgeons  they  have  had  an 
antiseptic  action  ascribed  to  them  equal  to  iodoform,  but  less  irritating. 

Internal. — They  diminish  the  irritability  of  mucous  membranes,  hence 
they  are  given  as  a  local  sedative  to  relieve  pain  after  eating,  gastralgia, 
sickness,  diarrhoea,  Hatulence,  catarrh,  and  ulcer  of  the  stomach  and  in- 
testine, cancer  and  alcoholic  dyspepsia.  Of  the  two  salts  the  carbonate 
(see  p.  409)  is  the  more  soluble  in  gastric  juice.  Both  are  practically 
tasteless. 

BISMUTH  SUBNITKATE  (B.P.  and  U.S.P.)  has  been  used  in  medicine  for 
over  a  century  as  an  antispasmodic  for  painful  affections  of  the  gastro- 
intestinal tract  and  as  an  external  application  to  the  skin. 

Pharmacology. — Any  antiseptic  action  it  possesses  outside  the  body 
depends  upon  the  nitric  acid  with  which  it  is  combined.  Binz  shows  that 
if  it  is  added  to  water  the  latter  acquires  an  acid  reaction,  and  if  this  is 
poured  off  and  fresh  water  added  this  too  becomes  acid.  The  process  may 
be  repeated  several  times  with  the  same  result,  namely,  that  acid  is  liberated 
from  the  subnitrate ;  and  as  nitric  acid  is  a  germicide,  it  is  probably  this  acid 
which  acts  as  an  antiseptic  when  the  salt  is  applied  to  wounds.  The  behaviour 
of  bismuth  compounds  in  this  respect  is  interesting,  for  while  subnitrate 
acts  as  a  germicide  the  suboxide  of  bismuth  Bi203  behaves  like  arsenic  in 
absorbing  oxygen  from  damp  air,  becoming  converted  first  into  Bi203,  the 
teroxide,  and  finally  into  the  pentoxide,  Bi205.  It  is  owing  to  the  manner 
in  which  it  deals  with  oxygen  that  the  bactericidal  properties  of  the  oxide 
are  due.  In  one  of  these  ways,  probably  the  former,  Binz  believes  that  the 
insoluble  subnitrate,  in  passing  down  the  intestine,  forms  a  coating  to  the 
irritable  mucous  membrane,  and  in  addition,  by  its  power  of  absorbing 
sulphuretted  hydrogen  gives  relief  by  removing  a  gas  whose  presence  is  a 
cause  of  colic.  Carles  considers  that,  since  the  subnitrate  in  contact  with 
water  exhibits  a  tendency  to  split  up  into  the  oxide  of  bismuth  and  nitric 
acid,  this  oxide  which  is  in  excess  of  the  acid  exercises — (1)  a  detergent 
effect  upon  the  mucous  membrane,  precipitating  mucus,  and  (2)  a  germicidal 
power.  The  nitric  acid  liberated  would  have  a  tonic  and  somewhat 
antiseptic  action.  When  bismuth  has  passed  further  down  the  intestine, 
and  some  of  it  has  united  with  sulphuretted  hydrogen  and  become 
converted  into  the  black  sulphide,  it  is  believed  by  Giraud  and  Tabst 
that  fresh  acid  is  liberated  from  the  unchanged  subnitrate  in  the  form 
of  nitrous  fumes,  which  exercise  an  antiseptic  action  on  the  contents  of 
the  bowel. 

To  obtain  benefit  from  bismuth  subnitrate  it  is  necessary  to  administer 
the  drug  in  fairly  large  doses,  and  yet,  owing  to  the  subnitrate  having  a 
strong  acid  reaction,  it  is  capable  of  acting  as  a  mild  corrosive.  It  has 
caused  stomatitis,  also  nephritis,  when  applied  over  an  extensive  area  of 
broken  skin,  effects  which,  while  sometimes  due  to  the  presence  of  arsenic 
in  the  salt,  have  been  known  to  occur  when  a  perfectly  pure  bismuth 
compound  was  used. 

Therapeutics. — For  chronic  diarrhoea  it  is  necessary  to  give  large 
doses,  e.g.  |  drm.  of  the  subnitrate  repeated  every  few  hours  for  a  few 
days,  and  in  the  case  of  children  similarly  affected  1  gr.  every  hour  with 
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gr.  or  \  gr.  of  hydrargyrum  cum  cretu.  For  the  simple 
atrophy  of  children  due  to  indigestion  and  flatulence,  and  for  recurrent 
vomiting,  bismuth  subuitrate  and  carbonate  of  magnesia  with  carminatives 
often  give  great  relief,  and  for  infantile  chronic  diarrhoea,  when  the  stools 
are  green  and  slimy  or  watery  and  sour-smelling,  a  favourite  line  of 
treatment  is  to  give  a  mixture  of  bismuth  subnitrate  and  chalk  suspended 
in  mucilage  of  tragacanth,  and  repeated  so  long  as  the  stools  are  offensive. 
In  acute  enterocolitis,  bismuth  subnitrate  has  been  found  very  service- 
able, but  it  has  to  be  given  in  fairly  large  doses.  Holt  recommends  as 
much  as  2  drms.  daily  to  a  child  a  year  old.  It  may  be  administered  as 
an  enema  suspended  in  a  mucilaginous  mixture  measuring  4  to  6  oz., 
containing  doses  varying  from  £  drm.  to  1  oz.  Here,  again,  it  is  difficult 
to  say  how  far  the  action  of  the  bismuth  is  astringent,  antiseptic,  or 
mechanical.  As  long  ago  as  1786,  Odier  used  it  in  the  treatment  of  ulcer 
of  the  stomach.  Its  efficacy  is  increased  by  the  addition  of  a  small 
quantity  of  morphia.  In  tuberculous  affections  of  the  intestine  it  is  of 
little  use,  unless  combined  with  some  more  reliable  germicide. 

Hughes  regards  the  subnitrate  of  bismuth  as  a  valuable  remedy  in  the 
gastric  derangement  met  with  in  acute  cases  of  Mediterranean  fever. 
Where  the  tongue  is  foul  and  coated,  the  breath  offensive,  and  there  are 
pyrosis  and  other  signs  of  indigestion  consequent  upon  fermentation  of 
badly  digested  food,  these  unpleasant  symptoms  readily  yield,  as  a  rule,  to 
15  to  20  grs.  of  bismuth  given  three  times  a  day.  The  presence  of  a  high 
temperature  in  no  way  weakens  its  efficacy. 

On  the  Continent  it  is  used  as  an  injection  in  gonorrhoea,  60  grs.  to 
the  oz.  of  water.  In  nasal  catarrh  it  is  very  serviceable  as  a  snuff'  when 
combined  with  gum  acacia  and  morphia. 

BISMUTH  CARBONATE  (B.P.),  called  BISMUTH  SUBCARBONATE  (U.S.P.), 
Oxycarbonate  of  Bismuth. — The  remarks  made  in  regard  to  the  subnitrate 
apply  equally  to  the  carbonate.  The  one  salt  may  be  substituted  for  the 
other.  When  given  with  sodium  bicarbonate  in  a  mixture,  the  bismuth 
subnitrate  acts  as  an  acid,  causing  such  an  evolution  of  carbonic  acid  as  to 
blow  the  cork  out  of  the  bottle.  Care  should  be  taken  to  triturate  the 
two  drugs,  first  in  a  mortar  with  water,  after  which  the  mixture  contains 
bismuth  carbonate  and  soda  nitrate.  For  this  reason  the  carbonate  is 
preferable  to  the  subnitrate  in  mixtures  containing  sodium  bicarbonate. 
Carbonate  of  bismuth  should  be  suspended  in  tragacanth  and  not  acacia, 
for  this  forms  a  compact  mass  with  it  at  the  bottom  of  the  bottle  difficult 
to  diffuse.  The  Trochisus  Bismuthi  Compositus  (B.P.)  containing  the  sub- 
carbonate  is  of  very  little  use. 

Allusion  has  been  made  to  the  external  application  of  bismuth.  For 
the  acute  eczema  of  children  there  is  perhaps  nothing  better  than  McCall 
Anderson's  oleate  of  bismuth  ointment,  namely,  Pulvis  Bismuthi  Oxidi, 
1  drm. ;  Acidi  Oleici,  1  oz. ;  Gene  Alb.,  3  drms. ;  Vaseline,  9  drms. ;  Olei  Eosse, 
3  minims.  This  ointment,  when  well  made,  is  an  elegant  pharmaceutical 
preparation  not  unlike  butter  in  appearance.  Brunton,  in  speaking  of  the 
use  of  the  very  fine  oxychloride  of  bismuth  as  a  cosmetic,  says  that  at  the 
lectures  in  the  Koyal  Institution,  when  the  lecturer  was  experimenting 
with  sulphuretted  hydrogen,  it  was  observed  that  several  of  the  ladies 
sitting  in  the  front  row  became  greenish  yellow. 

BISMUTH  SALICYLATE  (B.P.). — Within  the  last  few  years  the  treatment 
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of  intestinal  affections  has  been  largely  conducted  on  antiseptic  lines. 
Salicylate  of  bismuth  from  its  combination  is  believed  to  have  bactericidal 
properties;  it  is  consequently  administered  in  typhoid  fever,  mycotic 
affections  of  the  intestine,  as  summer  diarrhoea,  in  doses  varying  from 
5  to  20  grs.  three  or  four  times  a  day.  It  is  a  white,  tasteless,  and  odourless 
compound,  insoluble  in  water,  and  on  the  whole  a  drug  that  is  well 
tolerated.  It  is  prepared  by  the  interaction  of  bismuth  nitrate  and  sodium 
salicylate.  In  contact  with  water  it  splits  up,  and  in  consequence  of  the 
acid  liberated  it  effervesces  on  the  addition  of  an  alkaline  carbonate. 
Under  these  circumstances  it  is  better  to  administer  bismuth  carbonate 
and  sodium  salicylate,  or  give  the  drug  in  cachets. 

BISMUTH  OXIDE  (B.P.),  a  brownish  yellow  powder,  is  prepared  from 
the  subnitrate  by  boiling  it  with  a  solution  of  sodium  hydroxide. 
It  is  frequently  present  as  an  impurity  in  the  carbonate.  Dose,  5  to 
20  grs. 

BISMUTHI  ET  AMMONII  CITRAS  (U.S.P.),  and  LIQUOR  BISMUTH:  ET 
AMMONIA  CITRATIS  (B.P.). — In  each  fluid  drachm  of  the  liquor  there  are 
nearly  3  grs.  of  bismuth  oxide ;  dose,  \  to  1  fluid  drm.  This  liquor,  which 
is  of  very  little  therapeutic  value,  is  in  the  stomach  decomposed  by  the 
action  of  the  acid  of  the  gastric  juice,  when  it  is  believed  that  the 
oxychloride  becomes  deposited  as  a  white  precipitate. 

BISMUTH  CITRATE  (U.S.P.)  is  used  in  the  United  States  to  prepare  the 
ammonio-citrate. 

Among  the  more  important  non-official  preparations  may  be  mentioned 
Unguentum  Bismuthi  (60  grs.  to  1  oz.  of  lard);  Lotio  Bismuthi  (10  grs.  of 
subnitrate  to  1  oz.  of  water),  useful  in  eczema.  Terrier's  snuff,  already 
alluded  to  as  useful  in  nasal  catarrh,  and  composed  of  bismuth  sub- 
nitrate,  6  drms.;  hydrochloride  of  morphine,  2  grs.;  gum  acacia,  in  powder, 
2  drms.  Bismuthi  subgallas,  a  light  insoluble  powder  known  as  dermatol, 
is  used  in  the  form  of  a  dusting  powder  as  a  substitute  for  iodoform. 
Dermatol  was  first  used  by  Heinz  and  Liebrecht.  When  applied  extern- 
ally, it  is  believed  to  act  by  drying  the  surface  of  the  wound,  so  that  it 
ceases  to  be  a  favourable  soil  for  the  multiplication  of  germs.  It  is  less 
poisonous  than  iodoform,  but  when  employed  in  large  quantities  and  for 
an  extended  period  it  has  caused  symptoms  of  bismuth  poisoning,  namely, 
sloughing  sores  in  the  mouth,  derangement  of  the  gastro-intestinal  tract, 
and  albuminuria.  Dermatol  may  be  used  in  the  form  of  a  dusting  powder 
or  ointment,  \  to  1  drm.  to  1  oz.  of  lard.  It  has  been  administered  inter- 
nally for  gastro-intestinal  fermentation  in  doses  of  5  to  10  grs. 
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COPPER. 

Copper  is  occasionally  found  in  the  vegetable  world,  and  is  present  in 
small  quantities  in  the  blood  and  tissues  of  animals,  including  man.  It 
enters  the  human  body  through  the  food  we  eat  naturally  containing  it,  or 
by  having  been  cooked  in  copper  vessels. 

COPPER  SULPHATE  (B.P.  and  U.S.P.),  popularly  known  as  blue  stone. 

Therapeutics. — External. — Copper  sulphate  is  employed  as  an 
astringent  in  the  form  of  a  lotion,  or  it  is  applied  in  bulk  to  old-standing 
inflamed  and  enlarged  mucous  surfaces.  When  applied  to  a  mucous 
surface,  copper  sulphate  acts  as  an  astringent,  diminishing  secretion  and 
causing  coagulation  of  mucous  discharges,  hence  it  has  been  found  useful 
in  leucorrhcea  and  in  gonorrhoea,  1  to  4  grs.  to  1  oz.  of  water;  also  in 
ophthalmia,  e.g.  granular  conjunctivitis,  1  to  2  grs.  to  1  oz.  When  applied 
to  ulcers  of  the  skin,  it  acts,  according  to  the  dose,  as  an  astringent  or  a 
mild  caustic. 

Internal. — In  very  small  quantities,  say  \  to  2  grs.  given  in  pill,  it  is 
recommended  for  chronic  diarrhoea,  particularly  for  that  form  arising  in 
phthisis,  but  in  larger  doses  it  is  a  violent  emetic,  hence  its  utility  in  cases 
of  opium  poisoning,  for  it  helps  to  overcome  the  lethargic  condition  of  the 
stomach  induced  by  the  narcotic.  The  dose  of  copper  sulphate  is  as  an 
astringent  in  diarrhoea,  |  to  2  grs.  in  pill;  as  an  emetic,  5  to  10  grs.  It  is 
useful  in  dysentery  as  an  injection:  10  grs.  copper  sulphate  to  1  drm.  of 
tincture  of  opium  and  4  oz.  of  water.  Its  emetic  properties  depend  solely 
on  its  action  upon  the  stomach  and  not  upon  the  nervous  system.  Should 
it  fail  to  induce  vomiting  when  administered  in  doses  from  7  to  10  grs.,  it 
is  not  advisable  to  repeat  the  medicine,  but  to  wash  out  the  stomach,  for 
copper  sulphate  acts  as  rather  too  strong  an  irritant.  If  the  stomach-pump 
is  not  at  hand,  it  is  safer  to  administer  sulphate  of  zinc  or  mustard  and  warm 
water.  It  is  given  as  an  emetic  in  phosphorus  poisoning.  Mitchell  Bruce 
recommends  that  it  should  be  given  in  3  gr.  doses  every  few  minutes  until 
vomiting  is  induced.  In  his  opinion  the  copper  sulphate  is  reduced  by 
the  metalloid  and  becomes  deposited  upon  the  phosphorus,  rendering  it 
inert.  Hare  shows  that  it  must  be  used  as  an  antidote  for  phosphorus 
poisoning  with  caution,  for  in  some  experiments  carried  out  in  Jefferson 
Medical  College  by  Thornton,  it  was  found,  when  copper  sulphate  was  given 
to  a  dog  poisoned  by  phosphorus,  that  the  animal  died  sooner  than  it  would 
if  left  to  the  influence  of  phosphorus  alone. 

Upon  certain  people  who  are  suffering  from  skin  disease  of  a  dry  type, 
copper  is  said  to  act  like  arsenic.  Given  in  minute  doses,  TV  gr.,  it  stimu- 
lates the  tissues  and  increases  the  tone  of  muscle.  It  has  been  employed 
in  the  treatment  of  anaemia  (see  Iron,  p.  367)  in  the  form  of  arsenite  of 
copper,  so  that  the  good  effects  of  both  the  arsenic  and  copper  may  thus 
be  obtained.  What  its  action  is  when  absorbed  into  the  blood  is  not 
exactly  known.  Copper  is  excreted  by  the  liver,  is  thrown  out  of  the 
system  by  the  bile  and  fa'ces,  and  escapes  too  by  the  urine  and  saliva. 

Copper  sulphate  is  used  in  clinical  medicine  for  making  Fehling's  solu- 
tion, well  known  as  a  test  for  sugar  (glucose)  in  urine.  Fehling's  solution 
does  riot  keep  well,  so  that  it  is  better  to  make  two  solutions  containing 
the  proper  ingredients  which  can  be  mixed  when  required.  Solution  1 — 
Dissolve  34'6  grins.  (9i  drms.)  of  pure  cupric  sulphate  in  distilled  water, 
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and  make  up  volume  to  500  c.c.  (10  oz.).  Solution  2 — Dissolve  173  grms. 
(6  oz.)  of  Kochelle  salt  (sodium  potassium  tartrate)  in  400  c.c.  of  water 
(8  oz.),  add  to  this  5T6  grins.  (1  oz.  6  drins.)  sodium  hydrate,  and  make 
up  the  volume  with  water  to  500  c.c.  Keep  in  well-stoppered  bottles  in 
the  dark.  For  use  mix  together  the  two  solutions  in  equal  volumes : 
10  c.c.  (2i  drms.)  of  this  mixture  is  reduced  by  0'05  grm.  (£  gr.)  of  dex- 
trose. Also  for  making  Pavy's  solution :  Copper  sulphate,  34'65  grms. 
(554  grs.);  Kochelle  salt,  170  grms.  (2720  grs.);  potassium  hydroxide,  170 
grs.  (2720  grs.) ;  water  to  1000  c.c.  (255  oz.).  When  120  c.c.  (30  drms.)  of 
this  solution  are  mixed  with  400  c.c.  (10  oz.)  of  ammonia  (sp.  gr.  0'880) 
and  diluted  to  1000  c.c.  (255  oz.),  then  10  c.c.  (2^  drms.)  may  be  taken  as 
an  equivalent  to  0'005  grni.  (TV  gr.)  of  glucose.  According  to  Sutton,  this 
method  is  wel^adapted  for  the  examination  of  diabetic  urine  and  milk,  and 
is  more  definite  in  its  end  reaction  than  Fehlmg's  solution. 

TOXICOLOGY. 

Acute  poisoning.  — Both  the  soluble  and  insoluble  salts  of  the  metal 
are  violent  emetics,  and  yet  death  attributable  to  poisoning  by  copper 
is  extremely  rare.  Even  in  cases  where  the  metal  has  been  rejected 
at  first  by  the  stomach,  the  drug  comes  in  time  to  be  tolerated,  so  that 
it  can  be  administered  in  increasing  doses  within  limits.  When  a  large 
dose  has  been  swallowed,  e.g.  1  oz.  of  copper  sulphate  in  solution,  there 
is  in  about  half  an  hour  complaint  of  a,  metallic  taste  in  the  mouth  and  a 
burning  sensation  in  the  stomach,  vomiting  of  a  bluish  glairy  fluid  and 
colic  supervene,  followed  by  death  within  twenty-four  hours,  and  at  the 
autopsy  signs  of  violent  inflammation  are  found  over  the  length  of  the 
alimentary  canal.  Salivation  is  often  present,  and  occasionally  epileptif orm 
seizures.  In  other  instances,  pain  in  the  throat  and  stomach  are  com- 
plained of  shortly  after  swallowing  the  compound,  and  there  are  observed 
cold  perspiration,  frequent  liquid  stools  containing  much  mucus,  faintness, 
rapid  breathing,  suppression  of  urine,  and  yet  despite  these  recovery 
takes  place.  In  large  doses,  therefore,  the  salts  of  copper  must  be  regarded 
as  toxic,  and  it  is  upon  the  intestinal  tract  that  we  must  look  for 
evidence  of  its  injurious  effects.  Once  the  salts  have  been  absorbed 
into  the  blood,  there  may  arise  nervous  exhaustion  amounting  to  paresis 
or  paralysis  of  the  muscles,  the  heart  sharing  in  the  general  weakness. 
When  copper  has  been  administered  to  dogs,  the  mucous  membrane  of 
the  stomach  has  been  found  ecchymosed,  that  of  the  intestine  the  seat 
of  severe  inflammation,  and  the  liver  and  kidneys  congested.  It  causes 
vomiting  too,  so  that  in  animals  as  in  men  its  effects  are  experienced 
mostly  in  the  alimentary  canal,  although  when  absorbed  it  acts  upon  the 
nervous  system,  causing  cold  sweats,  rigors,  subsultus  tendinum,  quickened 
breathing,  small  hard  and  irregular  pulse,  and  paresis  of  the  voluntary 
muscles.  A  tolerance  to  the  drug  is  usually  established,  so  that  subse- 
quently large  doses  may  be  swallowed  without  any  serious  accident  arising. 

In  cases  of  acute  poisoning  by  copper  sulphate,  jaundice  has  occurred, 
and  at  the  post-mortem  examination  the  liver  and  kidneys  have  been 
found  to  have  undergone  fatty  degeneration. 

Treatment. — At  once  administer  an  antidote,  namely,  the  yellow  prus- 
siate  of  potassium,  which,  however,  must  be  used  with  caution,  and 
followed  up  by  the  use  of  demulcent  drinks,  white  of  egg,  sweet  oil,  etc., 
or  give  an  emetic,  and  if  this  fails  wash  out  by  means  of  the  stomach 
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pump.  Copper  sulphate  is  of  itself  a  prompt  emetic.  It  may  thus  act, 
and  if  so  the  vomiting  should  be  encouraged  by  warm  drinks,  to  which 
opium  may  be  added  to  relieve  pain. 

Chronic  poisoning.— Clinical  experience  and  physiological  experiment 
alike  demonstrate  that  when  copper  is  taken  in  very  minute  doses  it  may 
pass  into  the  system  without  causing  any  great  inconvenience.  Animals  to 
which  it  has  been  given  have  even  put  on  ilesh.  Burq  and  Ducom  conclude 
as  the  result  of  their  experiments,  that  when  copper  and  its  oxides  are  given 
to  dogs  in  nitrogenous,  sugary,  or  fatty  foods — (1)  it  does  not  produce  any 
bad  effects,  even  when  doses  of  4  to  8  grms.  (64  to  128  grs.)  daily  are 
administered,  and  only  occasionally  is  there  vomiting  or  diarrhoea ;  (2)  that 
in  the  form  of  verdigris,  such  as  is  found  in  small  quantities  in  the  food  that 
has  been  left  for  a  period  in  copper  utensils,  it  does  not  induce  illness  ;  and 
(3)  that  the  soluble  salts  of  copper  are  easily  tolerated  to  the  extent  of 
1  grin.  (154  grs.)  daily,  but  if  the  dose  is  trebled  or  quadrupled  it  causes 
vomiting,  a  distaste  for  the  tainted  food,  progressive  emaciation,  and  the 
animal  subsequently  succumbs.  It  is  scarcely  quite  correct  to  draw  con- 
clusions about  copper  from  its  effects  upon  animals  and  reason  thus  to  man, 
for  some  animals  are  more  tolerant  of,  others  are  more  susceptible  to,  the 
metal,  and  yet  experience  has  shown  that  practically  the  same  effects  are 
produced  on  man  by  copper  as  upon  animals.  Toussaint  of  Konigsberg 
not  only  tried  the  effects  of  the  metal  upon  animals,  but  also  upon  himself. 
For  six  months  he  took  daily  2  to  7  grs.  of  copper  sulphate  without  his 
health  suffering.  Galippe  similarly  experimented  upon  himself  and  the 
members  of  his  family.  For  one  whole  year  all  the  food  was  cooked  in 
copper  vessels  ;  meat,  fish,  fatty  substances,  and  vegetables,  some  of  which 
had  been  acidulated  with  vinegar,  were  frequently  allowed  to  remain  in 
the  utensils,  to  become  cold  therein,  and  even  to  assume  a  bluish  colora- 
tion, and  yet  the  food  thus  prepared  caused  neither  colic,  diarrhoea,  nausea, 
nor  any  other  trouble. 

During  the  act  of  cooking  in  copper  vessels  the  presence  of  vegetable 
acids  tends  to  dissolve  out  some  of  the  metal  in  very  minute  traces,  but  so 
long  as  the  food  is  fresh,  milk,  tea,  coffee,  and  water  free  from  saline 
matter  may  be  allowed  to  boil  and  to  become  cool  in  these  utensils  without 
any  of  the  metal  becoming  dissolved.  Even  in  the  cold,  wine  dissolves 
out  some  of  the  copper ;  beer  and  cider  are  even  more  powerful  in  this 
respect  than  wine.  There  are  few  toxicologists  who  would  maintain  that 
the  amount  of  copper  dissolved  out  under  these  circumstances  was  capable 
of  doing  harm,  and  particularly  too  if  the  utensils  are  clean.  The  danger 
increases  when  the  vessels  are  dirty  and  are  coated  with  verdigris  or  oxide 
of  copper,  so  that  when  symptoms  arise  some  of  them  may  be  due  to  the 
ordinary  moulds  or  microbes  of  the  air  having  been  introduced  with  the 
food,  boiling  not  having  destroyed  them,  or  to  the  accidental  presence  of 
lead  in  the  food  from  the  vessels.  Gautier  states  that  in  France  a  man 
takes  daily  with  his  food  nearly  1  mgrm.,  -^  gr.  of  metallic  copper,  and 
that  he  will  take  more  if  he  partakes  largely  of  preserved  green  vegetables 
or  eats  chocolate  freely,  for  in  60  grms.  (2  oz.)  of  chocolate  there  are  often 
as  much  as  4  mgrms.  (TXT  gr.)  of  copper.  The  presence  of  a  trace  of  copper 
in  any  article  of  diet  does  not  alter  its  taste,  but  if  it  is  increased,  as  e.g. 
in  wine,  to  the  extent  of  10  mgrms.  (£  gr.)  of  copper  sulphate  per  100,  the 
taste  becomes  repellant.  It  is  not  until  food  contains  40  cgrms.  (6 '2  grs.) 
of  a  copper  salt  for  every  100  grms.  (3J  oz.)  weight  that  it  exhibits  a  green 
colour  and  has  an  unpleasant  taste.  When  such  is  eaten,  the  bitter  taste 
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lingers  long  in  the  mouth,  and  is  accompanied  by  constant  salivation.  It 
is  these  circumstances  that  prevent  salts  of  copper  being  used  for  criminal 
purposes. 

It  is  unnecessary  to  deal  at  any  length  with  the  manufacture  and  con- 
sumption of  artificially  preserved  vegetables  coloured  green  by  means  of 
copper,  but  in  an  age  when  the  use  of  preserved  foods  of  all  kinds  is  very 
much  on  the  increase,  the  subject  deserves  mention.  Although  the  in- 
dustry began  in  France  in  the  early  part  of  this  century,  it  is  only  within 
the  last  thirty  years  that  the  trade  has  so  largely  expanded.  It  is  in  order 
to  retain  their  green  colour,  lost  in  cooking,  that  vegetables  are  submitted 
to  the  action  of  copper  sulphate,  the  process  being  known  as  the  copper 
method  of  Appert.  In  vegetables  thus  treated  the  copper  unites  with  the 
legumin  and  the  albuminous  substances  in  the  cortical  layer,  and  becomes 
fixed  in  the  form  of  an  insoluble  albuminate.  As  might  be  expected,  the 
fresher  and  younger  the  vegetables  the  better  is  the  result.  The  green 
colouring  matter  or  chlorophyll  also  combines  with  the  copper  and  retains 
it.  By  some  writers  antiseptic  and  antifermentative  powers  are  ascribed 
to  copper  sulphate,  whereby  there  is  a  check  given  to  the  action  of  diastatic 
ferments  which  might  modify  the  chlorophyll  in  the  cells  of  the  outer 
layer.  Vegetables  thus  manipulated  often  contain  fair  quantities  of 
copper.  In  France  every  box  of  preserved  vegetables  which  does  not 
bear  the  imprint  legumes  au  naturel  has  had  its  contents  coloured  green  by 
copper  sulphate.  It  is  estimated  that  in  80  per  cent,  of  the  boxes  of  pre- 
served vegetables  sold  in  France  copper  sulphate  has  been  used — the  amount 
varying  from  218  mgrms.  (3£  grs.)  to  520  mgrms.  (8J  grs.)  per  kilo  (2*2  lb.). 
Teas  containing  0-083  grms.  of  metallic  copper  per  kilo  have  been  eaten  with 
impunity.  It  is  a  circumstance  such  as  this  that  has  led  to  the  opinion  that 
the  toxicity  of  copper  is  not  so  great  as  was  formerly  believed  ;  but  although 
this  may  be  the  fact,  it  must  be  recognised  that  the  coppering  of  vegetables 
by  anything  more  than  the  merest  trace  is  unwise.  Small  quantities  of  a 
copper  salt  may  do  no  harm  ;  larger  quantities  may  :  they  will  certainly  act 
as  an  emetic  or  alter  the  taste  of  the  food.  Copper  is  not  to  be  regarded 
in  the  light  of  a  harmful  metal,  such,  for  example,  as  lead. 

Apparently  metallic  copper  or  its  oxides  can  be  introduced  into  the 
system  within  limits  by  the  mouth,  respiratory  organs,  or  skin  without 
any  serious  consequences  following.  Coppersmiths,  brassfounders  and 
polishers,  and  wire-drawers,  at  their  work  breathe  and  swallow  dust 
charged  with  metallic  copper  or  its  oxides  in  a  very  finely  divided  state, 
and  yet,  although  their  hair,  skin,  and  urine  are  at  times  coloured,  there 
arises  no  pronounced  specific  form  of  poisoning.  Millon  in  1847  considered 
the  trade  of  the  coppersmith  as  unwholesome.  A  risk  to  health  is  incurred, 
for  it  is  maintained  that  an  unusually  large  number  of  these  workmen  die 
from  pulmonary  phthisis — the  lesion  in  the  lungs  being  not  tuberculous  in 
the  first  instance,  but  simply  the  result  of  the  metallic  particles  setting  up 
irritation.  Lombard  of  Geneva  found  that  while  80  per  1000  of  the 
population  generally  died  from  phthisis  pulmonalis,  176  cases  of  the  same 
disease  occurred  among  people  working  in  trades  the  dust  in  which  arose 
from  copper.  Pallor,  colic,  retracted  gums  with  a  purple  red  line  or  a 
green  line  on  the  teeth,  have  been  regarded  as  pathognomonic  signs  of  slow 
copper  poisoning,  but  medical  men  who  have  had  large  experience  of 
treating  artisans  who  work  in  the  copper  trades  consider  colic  a  rare 
symptom,  and  say  that  it  is  met  with  mostly  in  brass  workers  who  are 
dealing  with  a  mixture  of  copper  and  zinc  containing  traces  of  lead.  When 
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colic  has  occurred  it  has  generally  been  attributed  to  plumbism.  Accord- 
ing to  the  records  of  a  Friendly  Trade  Society  containing  300  members, 
only  six  cases  of  mild  colic  occurred  during  thirty-one  years.  Workers  on 
copper  in  naval  arsenals  do  not  suffer  to  any  extent  from  colic.  When  it 
occurs  it  is  usually  of  short  duration  and  without  any  seriousness.  The 
illnesses  are  rather  bronchial  than  intestinal.  Millon  taught  that  when 
copper  passed  into  the  body  it  became  fixed  in  the  red  blood  corpuscles 
and  played  therein  an  important  part  physiologically.  The  metal  has 
frequently  been  found  in  human  muscle,  in  that  of  the  cow,  horse,  birds, 
and  in  fishes  and  rnollusca,  also  in  the  liver  of  man  and  animals.  On  the 
Continent,  bakers  occasionally  add  copper  sulphate  to  the  dough  made 
from  inferior  Hour.  This  causes  the  bread  to  rise  well,  gives  it  a  good 
appearance  and  an  excellent  crust.  Only  minute  quantities  must  be  used, 
otherwise  the  bread  becomes  moist  and  ceases  to  be  white.  Not  a  word 
can  be  said  in  favour  of  this  adulteration.  It  serves  no  good  end :  it  allows 
of  an  inferior  flour  being  palmed  off  upon  the  consumer,  and  of  the  loaves 
containing  5  per  cent,  more  water  than  they  ought. 

BRASS  POISONING. 

William  Murray  states  that  workers  in  brass — which  consists  of 
copper  3  parts,  zinc  1  part — are  liable  to  anaemia,  a  green  line  on  the 
gums,  tachycardia,  constipation,  and  weakness.  Later  wasting,  loss  of 
strength,  tremors,  headache,  and  pains  about  the  abdomen  supervene. 
About  this  time  the  patient  complains  of  dyspepsia,  loss  of  appetite, 
sickness,  cough,  symptoms  of  laryngeal  catarrh,  and  profuse  sweatings, 
the  sweat  being  greenish,  and  thus  the  shirt  is  stained  this  colour.  Grey 
hair  too  may  become  green.  Brassfounders'  ague  is  a  condition  of  malaise 
and  weariness,  followed  by  chilliness  with  shivering,  and  after  that  a  hot 
stage.  The  condition  was  described  by  Greenhow,  and  by  him  attributed 
to  the  dense  white  fumes  of  oxide  of  zinc  which  arise  in  the  making  of 
brass. 
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SILVER. 

The  soluble  salts  of  silver  employed  in  medicine  are  the  nitrate  and 
oxide.  Silver  nitrate  has  both  a  local  and  a  general  action.  When 
applied  locally  it  acts  as  a  caustic :  the  silver  salt  becomes  reduced,  the 
metal  itself  or  its  oxide  is  deposited  in  the  tissues,  causing  a  bluish  black 
discoloration  of  the  skin.  Histologists  use  it  for  staining  epithelium  for 
microscopical  purposes. 

SILVER  NITRATE  (B.P.  and  U.S.P.),  lunar  caustic.  Dose,  |-  to  £  gr.  in 
pill  made  with  kaolin,  or  it  may  be  given  in  solution  with  diluted  nitric  acid. 

Therapeutics. — External. — When  applied  in  the  form  of  a  solid 
pencil  of  fused  silver  nitrate,  it  acts  as  a  caustic.  For  this  purpose  it  may 
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be  used  with  comparative  safety,  for  although  the  superficial  layers  may  be 
destroyed,  often  with  a  certain  amount  of  pain  and  reactive  inflammation, 
yet  when  the  slough  forms  and  is  detached  there  is  left  a  clean  healing  sur- 
face, surrounded  by  tissues  not  the  least  affected.  In  medical  practice  it  is 
seldom  such  a  prolonged  application  of  silver  nitrate  is  made  as  to  obtain 
this  result;  when  applied  in  solution  to  a  mucous  surface,  there  is  an 
immediate  precipitation  of  albuminous  material  and  chlorides.  Silver 
nitrate,  when  brought  into  contact  with  young  animal  cells,  kills  them  by 
coagulating  their  protoplasm,  and  at  the  same  time  it  causes  constriction 
of  the  small  arteries  and  veins,  coagulating  the  blood  circulating  within 
them.  It  is  extensively  used  in  gynaecological  practice  for  touching 
abrasions  and  ulcerations  of  the  os  uteri ;  as  a  stimulant  to  indolent  ulcers  ; 
in  eye  affections,  especially  red  and  granular  lids ;  and  as  an  injection  in 
gonorrhoea,  but  in  this  it  must  be  employed  with  caution,  for,  while  it 
quickly  and  effectually  stops  a  urethral  discharge,  it  is  often  a  cause  of 
stricture.  As  an  eye-wash,  2  to  3  grs.  to  1  fl.  oz.  of  water  is  a  convenient 
strength,  but  for  brushing  the  posterior  wall  of  the  throat  in  chronic 
pharyngitis  60  grs.  to  1  fl.  oz.  may  be  used.  It  is  also  used  as  a  paint  to 
prevent  the  pitting  of  small-pox.  It  has  been  found  serviceable  in  chronic 
dysentery,  when  administered  as  an  enema,  60  grs.  to  60  fl.  oz.  of  water. 
Where  the  disease  affects  the  ctecuin,  a  large  injection  may  be  used,  but  if 
the  rectum  is  the  principal  part  affected  it  may  not  be  necessary  to  inject 
more  than  4  or  6  fl.  oz.  No  bad  effects  have  followed  this  procedure,  but 
before  giving  the  medicated  enema  it  is  well  to  wash  out  the  lower  part  of 
the  bowel  first  with  warm  water.  If  the  injection  causes  severe  pain,  the 
bowel  should  be  washed  out  a  few  minutes  afterwards  with  tepid  water 
containing  a  small  quantity  of  common  salt. 

Internal. — It  is  recommended  for  hrematemesis,  ulcer  of  the  stomach, 
and  for  diarrhosa.  There  is  considerable  difference  of  opinion  as  to  how 
it  acts  in  gastric  ulcer.  According  to  Mitchell  Bruce,  the  silver  nitrate 
on  reaching  the  stomach  is  decomposed  by  the  hydrochloric  acid  of  the 
gastric  juice  and  by  the  mucus.  This  destroys  any  irritant  action  it  might 
exercise  upon  the  mucous  membrane,  and  the  resulting  silver  salt  can  have 
hardly  any  influence  upon  any  ulcer  that  may  be  present.  Hare,  on  the 
other  hand,  regards  it  as  one  of  the  best  remedies  we  possess  for  the  treat- 
ment of  gastric  ulcer,  also  for  the  sour  eructations  and  vomiting  that  come 
on  shortly  after  eating.  To  relieve  these  symptoms,  it  should  be  given  in 
the  form  of  a  pill  \  to  \  of  a  gr.  half  an  hour  before  meals.  It  has  also  been 
employed,  more  in  past  decades  than  the  present,  in  the  treatment  of  sub- 
acute  and  chronic  affections  of  the  nervous  system,  epilepsy,  chorea,  and  loco- 
motor  ataxia,  but  if  prescribed,  instructions  should  be  given  to  the  patient 
not  to  carry  out  the  treatment  for  more  than  a  few  months  at  a  stretch 
without  stopping  it,  or  be  longer  before  again  consulting  his  physician.  In 
Sir  William  Growers'  experience,  argyria  (see  p.  418)  has  generally  been  the 
result  of  a  prolonged  internal  course  of  silver  salts,  or  it  has  been  consequent 
upon  applications  to  the  palate  or  tongue  carried  on  for  years.  We  have 
to  remember  that  not  only  is  silver  deposited  in  the  skin,  but  also  in  the 
kidneys,  in  the  malpighian  glomeruli,  and  around  the  tubules,  a  circum- 
stance that  explains  the  albuminuria  that  was  present  during  life.  In 
some  respects  the  effect  of  the  metal  resembles  that  of  lead.  In  one  patient, 
a  male,  set.  44,  who  had  for  eleven  years  taken  off  and  on  a  "  dinner  pill," 
found  to  contain  silver,  Gowers  observed,  in  addition  to  the  characteristic 
tint  of  the  skin,  paralysis  in  both  arms  of  the  long  extensor  of  the  fingers 
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and  of  the  extensors  of  the  phalanges  of  the  thumb,  paralysis  of  the  radial 
extensors  of  the  right  wrist ;  all  the  affected  muscles  wasted ;  their 
irritability  to  faradism  was  lost,  while  that  to  voltaism  was  preserved 
and  increased  ;  and  as  illustrating  the  resemblance  of  silver  poisoning 
to  plumbism,  the  urine  contained  albumin  and  tube  casts,  and  the 
patient  had  had  several  attacks  of  gout.  Whenever  a  patient  is 
taking  small  quantities  of  a  silver  salt  medicinally  ordered,  too 
much  emphasis  cannot  be  laid  upon  the  necessity  of  reminding  that 
individual  to  give  the  medicine  only  two  or  three  months'  trial,  and  of  the 
physician  examining  from  time  to  time  his  gums,  for  argyria  is  preceded 
by  the  development  of  a  dark  line  on  the  edge  of  the  gum,  which  is 
removable  by  a  course  of  acid  tartrate  of  potassium.  The  internal  adminis- 
tration of  silver  nitrate  should  therefore  not  be  continuous ;  it  should  be 
interrupted  every  few  weeks — 100  grs.  should  be  the  maximum  for  a 
month,  and  then  a  cessation.  There  is  no  case  on  record  of  argyria  having 
been  produced  by  less  than  1  oz.  of  silver  nitrate. 

Silver  nitrate  solution  stains  almost  everything  black.  The  dark 
stains  on  linen  may  be  removed  by  washing  with  a  strong  solution  of 
cyanide  of  potassium  containing  a  few  grains  of  iodine,  or  with  a  solution 
of  iodide  of  potassium. 

ARGENTI  NITRAS  Fusus  (U.S.P.)  is  merely  silver  nitrate  in  sticks  or 
cones  suitable  for  use  as  a  caustic ;  ARGENTI  NITRAS  MITIGATUS  (B.P.)  and 
ARGENTI  NITRAS  DILUTUS  (U.S.P.)  are  different  names  for  a  mixture  of  one 
part  of  nitrate  of  silver  fused  with  two  parts  of  potassium  nitrate,  and  cast 
in  the  form  of  sticks  for  use  as  a  caustic. 

SILVER  OXIDE  (B.P.  and  U.S.P.)  is  prepared  by  mixing  solutions  of 
silver  nitrate  and  calcium,  hydroxide. 

The  oxide  has  therapeutic  properties  similar  to  those  of  the  nitrate, 
but  it  is  preferred  for  internal  administration,  as  it  is  more  readily 
absorbed  and  does  not  darken  the  skin  so  quickly.  By  many  it  is 
believed  to  be  useful  in  commencing  locomotor  ataxia,  subacute  myelitis 
and  mild  compression  of  the  cord  in  cases  of  spinal  caries,  if  given  in  doses 
of  \  to  2  grs.  in  pill,  made  with  kaolin.  One  peculiarity  attends  the 
internal  administration  of  silver  salts,  and  that  is  the  difficulty  of  explain- 
ing their  therapeutic  action.  The  salts  are  absorbed  either  as  albuminate 
or  in  metallic  form,  and  we  have  seen  that  once  they  are  absorbed  they 
are  deposited  in  the  tissues  as  inert  black  masses  beneath  the  malpighian 
layer  of  the  skin  on  the  exposed  parts  of  the  body.  How,  therefore,  they 
can  exercise  any  beneficial  action  upon  diseased  nervous  structure  is 
difficult  to  understand,  unless  the  protoplasm  of  diseased  nerve  cells  and 
fibres  has  a  stronger  affinity  for  silver  during  the  short  period  it  circulates  in 
the  blood  than  healthy  nerve  structures,  and  that  it  kills  the  disease  by 
practically  killing  structure. 

In  dispensing  silver  oxide,  care  must  be  taken  that  there  is  neither 
creasote  nor  a  chloride  in  the  pill,  otherwise  there  is  so  much  heat 
generated  that  the  mass  explodes.  Bromides,  iodides,  phenol,  and  potas- 
sium permanganate  are  also  incompatibles. 

SILVER  IODIDE  (U.S.P.)  has  been  used  in  doses  of  1  to  2  grs.  because  it 
has  been  stated  not  to  produce  discoloration  of  the  skin,  but  this  is  prob- 
ably incorrect. 
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SILVER  CYANIDE  (U.S.P.)  is  only  official  because  it  is  used  to  make 
hydrocyanic  acid. 

TOXICOLOGY. 

Acute  poisoning. — When  fairly  large  doses  of  silver  nitrate  have  been 
administered,  vomiting  is  induced,  and  by  this  circumstance  poisoning  is 
largely  averted ;  but  if  in  dogs  the  oesophagus  is  tied,  death  supervenes,  and 
at  the  autopsy  the  mucous  membrane  of  the  stomach  and  intestine  may 
be  found  inflamed  and  ulcerated,  traces  of  the  metal  being  found,  on 
chemical  analysis,  in  the  liver,  kidneys,  and  spleen.  It  is  seldom  that  we 
read  of  poisoning  in  man  by  silver  salts,  but  occasionally  it  has  occurred. 
In  the  acute  form  the  patient  has  complained  of  a  disagreeable  inky 
taste  in  the  mouth,  dry  ness  of  the  throat,  a  sense  of  constriction  and 
nausea ;  there  has  been  vomiting  of  lumps  of  coagulated  mucus-like  curd, 
epigastric  pain,  followed  by  delirium  and  unconsciousness.  In  the  more 
chronic  form  of  poisoning  the  muscles  of  mastication  are  said  to  become 
contracted,  the  pupils  dilated  and  fixed,  the  pulse  slow.  As  the  patient 
recovers  the  muscular  stiffness  slackens,  and  consciousness  returns,  but  the 
patient  complains  for  some  time  afterwards  of  epigastric  pain.  In  a  few 
instances  where  recovery  had  advanced  so  far  that  consciousness  had  been 
regained,  there  was  relapse,  followed  by  convulsions  and  coma,  and  subse- 
quently the  gastro-intestinal  tract  was  found  at  places  ulcerated  and 
constricted.  Where  the  poisoning  has  been  less  severe,  and  the  symptoms 
have  more  quickly  subsided,  indigestion  has  been  complained  of  long  after- 
wards, and  the  skin  on  those  parts  of  the  body  exposed  to  the  light  has 
gradually  assumed  the  dark  bluish  tint  previously  mentioned. 

Silver  salts  are  much  more  toxic  when  they  are  injected  into  the 
circulation.  A  few  cgrms.  administered  through  the  veins  will  cause 
death  preceded  by  convulsions.  The  introduction  of  albuminate  of  silver 
by  this  channel  causes  an  excessive  secretion  of  bronchial  mucus,  such  as 
almost  to  asphyxiate  the  animal.  After  injecting  nitrate  of  silver  dissolved 
in  a  solution  of  sodium  hyposulphite,  the  phenomena  observed  were  slow- 
ing of  the  heart,  difficult  breathing,  foaming  at  the  mouth,  rales  in  the 
chest,  cyanosis,  and  dilated  pupils,  death  supervening  ten  minutes 
afterwards  from  asphyxia;  the  heart  arrested  in  diastole.  Charcot  and 
Ball,  as  the  result  of  their  experiments,  conclude — (1)  that,  admitting 
death  under  these  circumstances  to  have  been  caused  by  asphyxia  from  the 
intense  bronchial  secretion,  there  is  yet  produced  a  very  distinct  effect 
upon  the  nervous  system ;  and  (2)  that  the  bronchial  secretion  is  caused 
by  the  poison  itself,  for  the  silver  salt  is  present  on  analysis  in  the  liquid 
secreted. 

Chronic  poisoning. — Nitrate  of  silver,  when  given  by  the  stomach,  is 
not  followed  immediately  by  any  bad  effects.  Once  it  is  absorbed  it  causes 
a  darkening  of  the  skin  known  as  argyria  (see  p.  416),  a  name  first  given  by 
Vulpian  and  Charcot  to  a  permanent  bluish  black  staining  of  the  skin  on 
the  exposed  parts  of  the  body  in  people  by  whom  a  silver  salt  has  for  long 
been  taken.  I  am  myself  familiar  with  one  well-marked  instance  of  this 
extensive  discoloration.  The  face  is  lustrous,  like  a  polished  black-lead 
surface,  and  yet,  while  the  staining  of  the  face  is  a  too  easily  recognised 
disfigurement,  it  is  quite  consistent  with  good  health  and  great  longevity. 
In  this  individual  silver  nitrate  apparently  permanently  cured  an  epilepsy. 
The  discoloration  commences  in  the  lips,  inside  of  the  cheeks,  nostrils,  and 
eyelids,  and  subsequently  affects  the  skin.  Animals  to  whom  a  silver  salt 
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has  been  administered  for  a  term  of  months  exhibit  the  same  phenomenon 
as  man.  Some  physicians  regard  the  discoloration  as  an  effort  on  the  part 
of  the  skin  to  eliminate  the  silver.  Against  this  theory  must  be  placed 
the  fact  that  silver  is  found  in  nearly  all  the  internal  organs,  deposited 
either  as  the  metal  itself,  its  oxide,  or  albuminate.  The  only  symptom 
attributed  to  its  presence  in  the  skin  is  occasional  pruritus. 

THOMAS  OLIVER. 


PHOSPHOKUS,  HYPOPHOSPHITES,  PHOSPHATES, 
GLYCERO-PHOSPHATES. 

PHOSPHOKUS. 
(B.P.  AND  U.S. P.) 

PHOSPHOKUS,  the  yellow  variety  of  which  is  official  in  both  British  and 
United  States  Pharmacopoeias,  was  discovered  by  Brandt  of  Hamburg  in 
1669,  but  its  manufacture  remained  a  secret  for  nearly  a  century  after- 
wards. It  was  gradually  introduced  into  medicine,  but  at  first  within  very 
restricted  limits.  About  1846  it  was  classed  among  the  poisons,  and 
shortly  afterwards  it  was  so  much  resorted  to  that  it  took  a  prominent 
place  in  toxicology,  ranking  next  to  arsenic,  and  soon  preceding  it.  The 
rise  of  the  lucifer  match  industry  gave  a  great  impetus  to  the  manufacture 
of  phosphorus,  and  brought  out  new  forms  of  poisoning.  Phosphorus  is 
allotropic ;  it  is  found  in  two  different  forms.  The  first,  when  pure,  is  a 
colourless,  transparent,  refractive,  crystalline  substance,  practically  in- 
soluble in  water,  but  soluble  in  bisulphide  of  carbon,  benzene,  and  oil  of 
turpentine.  At  first  white,  it  becomes  rather  yellow  when  exposed  to  the 
light.  It  absorbs  oxygen  from  the  air  if  moist,  and  in  the  act  of  doing  so 
it  emits  a  greenish  white  light  or  phosphorescence,  readily  arrested  by  the 
close  presence  of  such  essential  oils  as  turpentine  and  eucalyptus.  While 
undergoing  oxidation,  there  are  formed  phosphorus  and  phosphoric  oxide. 
In  the  act  of  glowing  ozone  is  formed.  The  smell  is  said  to  be  due  to 
these  oxides  and  ozone,  for  Thorpe,  on  the  authority  of  Schonlein,  states 
that  no  odour  is  given  off  from  pure  phosphorus.  White  phosphorus  is 
very  inflammable  ;  it  ignites  at  34°  C.  (93°'2  F.),  and  forms,  with  a  plentiful 
supply  of  air,  phosphoric  oxide. 

The  second  kind  is  the  red  or  amorphous  phosphorus,  established  by 
Schr otter  of  Vienna  in  1845.  It  is  a  microcrystalliue  powder,  obtained 
by  heating  white  phosphorus  at  a  high  temperature  in  closed  iron  vessels. 
This  form  differs  entirely  from  the  white  in  being  insoluble  in  carbon 
bisulphide  and  turpentine,  and  in  being  non-inflammable.  It  can  be  heated 
to  350°  C.  (662°  F.)  without  catching  fire.  Although  iioii-volatile,  it 
slowly  absorbs  oxygen,  and,  if  exposed  to  heat  and  moisture,  undergoes 
change. 

Pharmacology. — Red  phosphorus  is,  practically  speaking,  non-poison- 
ous. It  is  not  acted  upon  by  the  solvent  juices  of  the  gastro-intestinal  tract. 
Bussy  and  de  Vrij  found  that,  while  1  to  3  grs.  of  white  phosphorus 
caused  death,  1  oz.  of  red  phosphorus  could  be  given  to  dogs  without  any 
bad  effect.  Neumann  found  that  while  red  phosphorus  was  non-poisonous 
when  administered  by  the  mouth,  it  was  toxic  when  introduced  into  the 
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veins.  The  poison  thus  injected  was  found  deposited  in  the  liver,  spleen, 
and  kidneys,  surrounded  by  zones  of  fatty  degeneration,  the  appearance  of 
these  being  exactly  the  same  as  occurs  after  white  phosphorus.  Neumann 
carried  out  another  series  of  experiments,  using  particles  of  carbon,  sulphur, 
and  arsenic,  and  lie  showed  that  the  irritation  of  the  tissues  was  not  due  to 
the  fact  that  he  had  injected  simply  granular  particles  irrespective  of  their 
nature.  In  another  series  of  experiments  upon  frogs,  the  result  was 
negative,  clearly  indicating  therefore  that  the  action  is  due  to  the  relatively 
high  temperature  of  the  blood  in  mammals. 

There  is  considerable  difference  of  opinion  as  to  the  action  of  phos- 
phorus. Wegner,  in  1872,  found,  after  administering  the  metalloid  to 
animals  in  very  minute  doses  for  a  lengthened  period,  that  while  no 
apparent  change  during  life  was  produced,  the  skeleton,  notwithstand- 
ing, showed  signs  of  structural  alteration.  The  spongy  tissue  at  the  end 
of  the  long  bones,  instead  of  remaining  bone  and  containing  an  abundance 
of  red  marrow,  was  observed  to  have  been  replaced  by  tissue  much 
firmer  and  harder.  This  occurred  not  only  in  the  epiphyses  of  the  long 
bones,  but  in  the  ribs,  vertebrae,  bones  of  the  pelvis,  wrists,  and  feet. 
On  microscopical  examination,  the  deposit  was  found  to  be  true  bone. 
When  the  administration  of  phosphorus  was  pushed  further,  a  deposit  of 
bony  material  took  place  in  the  cartilaginous  ends  of  the  long  bones.  The 
bones  became  harder,  the  periosteum  thicker,  and  the  Haversian  canals, 
though  diminished  in  size,  were  never  obliterated.  The  shaft  of  the  bones 
increased  at  the  expense  of  the  medullary  cavity.  When  phosphorus  was 
given  to  pregnant  animals,  the  bones  of  the  foatuses  were  found  to  be 
more  developed,  and  as  chemical  analysis  indicated  no  change  in  the 
organic  and  inorganic  constituents,  the  condition  was  not  pathological, 
but  simply  an  exaggeration  of  the  normal.  Wegner  found  in  animals 
whose  bones  had  been  fractured  and  periosteum  torn,  that  the  administra- 
tion of  phosphorus  caused  a  new  development  of  bone  always  of  a  dense 
character. 

Phosphorus  probably  enters  the  blood  as  such  or  as  phosphoric  acid. 
It  stimulates  nitrogenous  disintegration,  causing  an  increased  elimination 
of  urea.  Interfering  as  it  does  with  the  interchange  normally  taking  place 
in  the  tissues,  there  is  less  oxygen  absorbed  and  less  carbonic  acid  elimin- 
ated. Thus  it  is  that  fatty  degeneration  of  the  cellular  protoplasm  is 
induced. 

Therapeutics. — As  it  seemed  to  stimulate  the  growth  of  bone,  it 
is  no  surprise  to  learn  that  one  of  the  first  uses  phosphorus  was  put 
to  was  the  treatment  of  rickets.  Friese,  utilising  Wegner's  experience, 
gave  phosphorus  to  rickety  children  along  with  albuminate  of  iron,  with 
the  result  that  emaciation,  hitherto  progressive,  ceased,  the  abdomen 
became  less  prominent,  the  subcutaneous  fat  increased,  and  the  bones 
became  firmer.  Kassowitz  also  found  it  of  great  service.  The  good 
results  obtained  in  Germany  have  not  been  obtained  by  British 
physicians. 

Phosphorus  has  been  recommended  for  various  nervous  affections,  but 
clinical  experience  lends  little  weight  to  the  recommendation.  Phosphorus 
is  very  difficult  to  prescribe  satisfactorily,  therefore  it  will  be  well  to  say  a 
few  words  about  the  preparations  of  it. 

Oleum  Phosphoratum  (B.P.  and  U.S.P.),  phosphorated  oil  (about  1  in 
100).  Dose,  1  to  5  minims. — This  is  a  solution  of  phosphorus  in  almond 
oil.  It  may  be  given  in  aromatic  emulsion  or  in  gelatin  capsules,  on 


TOXICOLOGY.  421 

account  of  its  disagreeable  taste.  It  should  be  freshly  prepared  each  time 
it  is  ordered,  as  the  phosphorus  falls  to  the  bottom  as  a  red  precipitate, 
which  is  valueless.  Oleum  Phosphoratum  is  a  clear  straw-coloured  liquid, 
phosphorescent  in  the  dark.  It  should  be  administered  to  patients 
cautiously,  for  it  is  not  without  danger.  In  a  recent  trial  in  France,  a 
medical  man  was  fined  owing  to  the  death  of  a  boy  to  whom  he  had  given 
Oleum  Phosphoratum  Morrhuol  (1  to  1000).  The  child  began  taking  the 
medicine  on  25th  October ;  two  days  afterwards  vomiting  set  in  and  the 
medicine  was  discontinued ;  on  the  30th  there  was  slight  jaundice,  which 
by  2nd  November  had  markedly  increased,  accompanied  by  epigastric 
pain,  severe  vomiting,  delirium  followed  by  coma,  and  death  on  3d  Novem- 
ber, i.e.  ten  days  after  the  commencement  of  the  medicine,  of  which  only  six 
teaspoonfuls  had  been  taken.  At  the  post-mortem  examination,  mesenteric 
glands  were  found  enlarged  and  liver  fatty,  and  although  the  case  was 
doubtful,  the  opinion  was  in  favour  of  death  being  due  to  poisoning  by 
phosphorus. 

Pilula  Phosphori  (B.P.  and  U.S.P.). — A  phosphorus  pill  is  official  in 
both  the  British  and  United  States  Pharmacopoeias.  The  preparation  of 
each  is  complicated,  neither  is  satisfactory,  and  most  first-rate  manu- 
facturing chemists  have  their  own  way  of  making  a  phosphorus  pill.  The 
dose  of  solid  phosphorus  is  -T  (\0  to  ^V  gr-  The  British  Pharmacopoeia  pill 
contains  2  per  cent,  of  phosphorus,  and  each  of  the  official  United  States 
pills  contains  y^y  gr.  of  phosphorus.  If  a  phosphorus  pill  is  not  var- 
nished, the  phosphorus  becomes  oxidised  and  useless,  or  the  pill  becomes 
so  hard  that  it  may  pass  down  the  intestine  undissolved.  It  is  not  desir- 
able to  commence  with  a  larger  dose  than  T^0  gr.  of  phosphorus.  Some 
people  have  a  distinct  idiosyncrasy  to  the  drug. 

Elixir  Phosphori  (U.S.P.) — In  this  phosphorus  is  dissolved  in  absolute 
alcohol,  and  the  solution  is  mixed  with  oil  of  anise,  glycerin,  and  aromatic 
elixir.  It  contains  ^  gr.  in  100  minims. 

Tinctura  Phosphori  Composita. — Compound  tincture  of  phosphorus  (not 
official)  is  prepared  by  taking  12  grs.  of  phosphorus  and  2J  fluid  oz.  of 
chloroform,  placing  in  a  stoppered  bottle  and  heating  gently  in  a  water- 
bath  until  the  phosphorus  is  dissolved.  Add  12|  fluid  oz.  of  ethylic 
alcohol,  and  shake  well.  Protect  the  tincture  from  the  light.  Dose,  3  to 
12  minims ;  each  fluid  drm.  contains  -^  gr.  of  phosphorus. 

Of  the  fluid  preparations  Hale  White  regards  the  Elixir  Phosphori 
(Brit.  Pharm.  Conference)  as  the  best.  The  dose  is  1  to  2  fluid  drms.  It 
is  made  from  compound  tincture  of  phosphorus,  1  ;  glycerin,  4 ;  add  the 
tincture  to  the  glycerin  with  agitation,  should  be  preserved  from  the 
light.  Each  fluid  drm.  contains  -^  gr.  of  phosphorus  (Squire). 

TOXICOLOGY. 

Acute  poisoning. — Poisoning  by  phosphorus  is  suicidal,  criminal,  or 
accidental,  and  is  generally  caused  by  people  soaking  match  heads  in  water 
and  drinking  the  solution.  Phosphorus  is  a  powerful  poison,  either  when 
swallowed  or  injected  under  the  skin,  but  its  action  varies.  One-tenth 
of  a  grain,  according  to  Zobel,  has  caused  death,  while  fairly  large  pieces 
are  known  to  have  travelled  the  length  of  the  intestine  of  a  dog  with- 
out harm.  This,  however,  is  a  most  unusual  event.  Phosphorus  pro- 
duces effects  equally  on  animals  and  men.  For  several  hours  after  the 
poison  has  been  swallowed  there  may  be  no  symptoms.  The  delay  in  their 
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appearance  depends  upon  the  full  or  empty  condition  of  the  stomach  at  the 
time,  and  the  nature  of  the  contents.  The  presence  in  the  stomach  of  fatty 
foods  or  milk,  which  are  capable  of  dissolving  phosphorus,  causes  symptoms 
to  come  on  early.  One  of  the  earliest  symptoms  is  pain  referred  to  the 
pit  of  the  stomach.  This  is  often  accompanied  by  retching  and  vomiting 
of  bloody-looking  material.  At  the  time  of  swallowing  the  phosphorus 
there  is  generally  produced  a  disagreeable  burning  feeling  in  the  mouth 
and  gullet,  but  it  is  not  as  a  rule  until  six  hours  afterwards  that  symptoms 
appear.  The  epigastric  pain  is  severe  ;  it  makes  the  patient  restless 
and  sleepless,  and  forces  him  to  confess  that  he  has  taken  poison.  At 
first  the  pulse  is  little  altered ;  it  is  soft  and  compressible,  and  the  tem- 
perature is  normal.  Should  the  stomach  in  the  early  stage  be  washed  out 
by  potassium  permanganate  solution,  no  other  symptoms  may  arise.  Fail- 
ing this,  time  is  given  for  absorption  of  the  phosphorus  to  take  place, 
and  the  result  is  the  development  of  a  series  of  symptoms  due  no  longer  to 
the  presence  of  phosphorus  in  the  stomach,  but  to  structural  changes  in 
internal  organs,  especially  the  liver.  If  the  patient  survives  the  shock 
caused  by  the  severe  pain  in  the  stomach,  one  of  the  earliest  signs  to  indi- 
cate that  a  profounder  stage  of  poisoning  has  been  reached  is  the  occur- 
rence of  jaundice,  which  usually  appears  on  the  third  day.  Jaundice  is  met 
with  in  80  per  cent,  of  the  cases  ;  at  first  slight,  it  gradually  deepens,  and 
is  due  to  inflammation  of  the  bile  ducts,  accompanied  by  swelling  and 
retention  of  the  secretion.  In  the  absence  of  a  history,  the  symptoms  at 
this  stage  resemble  those  met  with  in  acute  yellow  atrophy  of  the  liver. 
These  are  jaundice,  vomiting,  subacute  abdominal  pain,  sometimes  diarrhoea  ; 
but  the  liver  in  phosphorus  poisoning,  instead  of  rapidly  diminishing  in 
size,  as  in  acute  atrophy,  enlarges,  for  a  short  time  at  least,  pari  passu  with 
the  jaundice.  The  patient  feels  weak  and  depressed,  and  is  wretched. 
The  pulse  is  small  and  soft ;  the  vomiting  of  bloody  material  continues,  the 
urine  is  deeply  stained  with  bile,  and  is  usually  free  from  albumin,  and 
there  gradually  steals  over  the  individual,  somnolence  which  deepens  into 
coma,  and  in  which  the  patient  dies.  Pregnant  women  as  a  rule  miscarry. 
It  is  in  order  to  produce  abortion  that  the  solution  of  match  heads  is 
sometimes  resorted  to  both  in  this  country  and  abroad.  Abortion  will  not 
save  the  woman's  life  if  the  dose  of  phosphorus  taken  has  been  fairly  large. 
She  will  still  develop  jaundice  and  die  comatose.  Occasionally  the  illness 
assumes  a  haemorrhagic  form,  and  blood  oozes  from  the  mouth,  nose, 
rectum,  or  bladder ;  the  symptoms  continue  for  weeks  or  months,  the  con- 
dition the  while  resembling  scurvy.  Sometimes  the  symptoms  are  more  on 
the  side  of  the  nervous  system.  There  are  cramps  in  the  limbs,  formica- 
tion, a  tendency  to  faintness,  heavy  sleepiness,  interrupted  by  delirium  and 
accompanied  by  convulsions.  Jaundice  persists  through  all  of  these,  and  is 
the  principal  physical  sign.  The  urine  is  deeply  stained  with  bile :  it  may 
contain  albumin ;  usually,  however,  this  is  absent.  Leucine  and  tyrosine 
are  present,  and  while  they  indicate  that  fatty  changes  have  taken  place 
in  the  liver  cells,  their  presence  is  quite  consistent  with  recovery,  as  my 
experience  shows.  Munzer  found  haematoidin  crystals  with  sarcolactic  acid 
in  the  urine.  The  specific  gravity  is  raised,  and  the  reaction  remains  acid. 
Peptonuria  has  been  observed.  In  the  early  stages  of  the  poisoning,  v. 
Jaksch  found  a  fall  in  the  total  nitrogen  eliminated,  and  that  this  was  fol- 
lowed by  a  rise.  In  my  own  cases  I  found  a  diminution  in  the  amount  of 
urea  which  became  markedly  progressive  just  before  death.  Uric  acid  and 
ammonia  are  increased.  To  the  excess  of  ammonia  in  the  blood  is  attributed 
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the  power  of  neutralising  the  abnormal  acid  products  formed  by  the  action 
of  phosphorus  upon  the  tissues.  The  phosphoric  and  sulphuric  acid  con- 
stituents of  the  urine  are  increased,  but  in  unfavourable  cases  these  sink 
below  the  normal.  From  the  jaundiced  urine  of  an  individual  poisoned  by 
phosphorus,  especially  if  it  is  kept  for  a  time  and  exposed  to  the  air,  there 
often  escapes  a  strong  garlicky  odour,  which  is  increased  on  adding  nitric 
acid. 

The  blood  is  altered.  Munzer  found  its  alkalinity  diminished  owing  to 
the  increased  production  of  acids  within  the  body.  The  corpuscles,  red  and 
white,  present  nothing  abnormal  in  appearance.  Opinions  differ  as  to 
whether  the  red  corpuscles  are  increased  or  diminished  in  number.  The 
patient  may  die  in  a  state  of  coma,  or  from  gradual  failure  of  the  heart's 
action.  Children  may  die  a  few  hours  after  swallowing  phosphorus,  but  in 
the  adult  the  average  period  is  seven  and  a  half  days  afterwards.  The 
post-mortem  appearances  largely  depend  upon  the  amount  of  poison  taken, 
and  the  rapidity  with  which  death  supervenes.  If  early,  on  opening  the 
cadaver  there  is  a  strong  odour  of  phosphorus.  There  are  numerous 
ecchymoses  on  the  skin  and  the  serous  and  mucous  membranes.  The  skin 
is  jaundiced.  There  is  inflammatory  redness  with  swelling  or  hsemorrhagic 
erosion  of  the  mucous  membrane  of  the  stomach  or  upper  part  of  in- 
testine. In  the  early  stages  the  liver  is  enlarged;  later  on  it  is  found 
diminished  in  size.  It  is  greenish  yellow  in  colour — pale  and  bloodless  on 
section.  The  kidneys  are  large,  their  cortex  pale,  and  the  medullary 
portion  congested.  The  spleen  is  usually  unaffected.  On  microscopical 
examination,  there  is  observed  very  advanced  fatty  degeneration  of  the 
hepatic  and  renal  cells,  the  cardiac  muscle  fibre  is  observed  to  have  lost  its 
transverse  striation,  and  to  contain  droplets  of  fat.  Many  of  the  small 
blood  vessels  throughout  the  body  have  undergone  fatty  degeneration,  hence 
the  multiple  ecchymoses.  The  fatty  change  is  attributed  to  the  strong 
reducing  action  of  phosphorus  upon  the  cells,  whereby  their  protoplasm 
becomes  altered  and  their  function  paralysed. 

Treatment. — If  the  patient  is  seen  early,  wash  out  the  stomach  until 
there  is  no  longer  any  odour  of  phosphorus.  Potassium  permanganate 
should  be  added  to  the  water.  If  the  stomach-pump  is  not  at  hand,  an 
emetic  of  copper  sulphate  should  at  once  be  given.  The  black  phosphide 
of  copper  is  thereby  formed,  which  is,  practically  speaking,  harmless.  Milk 
and  all  fatty  food  should  be  interdicted,  for  fat  dissolves  phosphorus.  The 
antidote  to  the  poison  is  oil  of  turpentine.  Once  the  stomach  has  been 
washed  out,  turpentine  may  be  given  in  40  drop  doses  in  water.  This  not 
only  oxidises  any  phosphorus  that  may  be  present  and  adherent  to  the 
lining  membrane  of  the  stomach,  rendering  it  inert,  but,  as  is  the  case  with 
old  French  oil  of  turpentine,  a  crystalline  mass  like  spermaceti  is  formed, 
which  is  harmless. 

Chronic  poisoning. — Eight-tenths  of  the  fumes  of  phosphorus  consist 
of  oxides  of  phosphorus.  It  is  the  fumes  acting  upon  the  exposed  jaw- 
bone of  match-makers  that  has  hitherto  been  supposed  to  cause  necrosis, 
and  not  phosphorus  absorbed  into  the  circulation.  Thorpe  experimented 
with  phosphorus  fumes  upon  the  teeth.  Decayed  human  teeth  were 
cleaned,  dried,  and  weighed.  These  were  wetted,  and  then  submitted  for 
twelve  hours  to  the  action  of  a  stream  of  "  fumes."  After  being  dried 
and  weighed,  they  were  found  to  have  lost  0'37  per  cent,  of  their  weight. 
In  another  experiment,  crushed  carious  teeth  were  exposed  to  the  action  of 
dilute  phosphoric  acid  (1  per  cent.)  for  three  hours;  they  lost  8'9  per  cent. 
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of  their  weight.  It  is  clear,  therefore,  that  the  fumes  of  phosphorus,  and 
its  products  obtained  by  its  solution  in  saliva,  exert  a  solvent  action  upon 
teeth. 

The  fumes  arising  from  phosphorus  are  due  to  the  metalloid  under- 
going oxidation.  In  match  works,  the  men  who  dip  the  lucifers  occasion- 
ally suffer  from  necrosis  of  the  jawbone,  often  called  in  this  country 
"  phossy  jaw,"  and  in  France  "  mat  chimique,"  a  disease  generally  regarded 
as  due  to  the  workmen  having  inhaled  the  fumes  of  phosphorus.  It  occurs 
also  in  women  who  are  engaged  in  the  factories  filling  the  boxes  with 
matches,  and  from  whose  hands  as  much  as  4'2  mgrms.  of  phosphorus  can 
be  removed  daily. 

There  has  been  considerable  difference  of  opinion  as  to  whether  the 
necrosis  of  the  jaw  which  occurs  in  those  who  work  in  the  boxing  room, 
is  due  to  the  inhalation  of  the  fumes  of  phosphorus.  Wegner  ex- 
posed rabbits  for  several  weeks  to  an  atmosphere  impregnated  with 
phosphorus  fumes,  but  beyond  inducing  some  bronchial  irritation,  which 
soon  subsided,  no  apparent  effects  were  observed  during  life,  although  on 
killing  the  animals  there  were  found  small  osteophytic  deposits  on  the 
periosteum  of  the  nasal  cavities,  with  distinct  unevenness  of  the  upper 
and  lower  jaw,  due  to  growth  of  bone  under  the  periosteum.  Eabbits  have 
good  teeth.  When  some  of  these  were  broken  or  extracted,  and  the  animal 
subsequently  exposed  to  the  fumes  of  phosphorus,  there  was  generally 
observed  by  Wegner  a  limited  patch  of  necrosis  in  the  jaw.  As  this  result 
was  only  obtained  when  the  animals  were  exposed  to  the  fumes,  and  not 
when  phosphorus  was  administered  in  the  food,  the  German  investigator 
concluded  that  the  fumes  of  phosphorus  exercise  an  irritating  action  on 
the  periosteum,  an  opinion  strengthened  by  the  fact  that  necrosis  of  the 
tibia  occurred  if  this  bone  was  bared,  and  the  wound  exposed  to  the 
poisoned  atmosphere.  In  my  own  experiments  with  rabbits,  I  found  that 
these  animals  could  be  exposed  for  months  in  a  hutch  to  the  smoke 
arising  from  the  burning  of  several  boxes  of  matches  two  or  three  times  a 
day,  and  yet,  despite  the  volumes  of  dense  smoke  which  filled  their 
domicile,  the  animals  retained  their  health  and  spirits,  and  did  not  lose 
flesh.  It  is  clear,  therefore,  that  the  painful  condition  of  the  jawbone 
is  not  due  to  inhalation  of  the  smoke  arising  from  ignited  matches,  but  that 
the  fumes  of  phosphorus  are  the  more  likely  cause. 

In  the  case  of  match-makers  exposed  to  these  fumes,  there  is  a  general 
consensus  of  medical  opinion  that  something  more  is  required  than  simply 
exposure  to  phosphorus  fumes.  There  must  be  diminished  local  resistance, 
such,  for  example,  as  would  be  caused  by  the  presence  of  carious  teeth, 
ulcerated  and  retracted  gums,  on  the  part  of  the  workmen ;  or,  in  the  case 
of  animals  experimented  upon,  the  periosteum  injured,  or  a  piece  of 
the  jawbone  removed.  Stockman  tried  to  induce  necrosis  in  animals 
on  the  same  lines  as  Wegner,  but  failed  to  cause  anything  identical  with 
the  necrosed  jaw  of  the  match-maker.  Along  with  E.  A.  Bolam,  I  have 
carried  out  a  similar  set  of  experiments  without  so  far  producing  necrosis. 
In  one  instance  the  animal  died  from  septic  pneumonia,  the  same  micro- 
organisms, streptococci,  which  were  found  in  the  jawbone,  being  present 
in  the  lung.  Stubenrauch  exposed  rabbits  and  dogs  to  the  influence 
of  the  fumes  of  phosphorus,  previously  injuring  the  gum,  extracting 
teeth,  removing  a  portion  of  the  periosteum,  and  yet  in  no  instance  did 
he  succeed  in  inducing  necrosis  of  the  jawbone.  He  placed  dogs  for  four 
months  in  a  room  where  lucifers  are  dried  in  a  match  factory,  and  where 
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the  fumes  of  phosphorus  are  strong,  but  the  wound  previously  inflicted 
on  the  animals  healed  quite  kindly,  and  no  bad  results  followed.  Stuben- 
rauch  even  drilled  holes  into  the  lower  jaw  of  rabbits,  and  filled  the  holes 
with  white  phosphorus,  and  covered  the  same  with  cement,  and  yet,  although 
in  a  few  instances  osteitis  followed,  the  inflammation  of  the  bone  was 
clearly  proved  not  to  have  been  due  to  the  phosphorus,  but  to  the  act  of 
drilling  not  having  been  carefully  performed.  Phosphorus  alone,  or  its 
fumes,  do  not  seem  to  be  capable  of  causing  necrosis  of  the  bones  in 
animals.  In  rabbits  and  dogs,  despite  the  experiments  of  Wegner,  it  seems 
to  be  practically  impossible  to  induce  a  form  of  necrosis  exactly  akin  to 
the  phossy  jaw  of  the  worker  in  a  match  factory.  In  some  of  the  animals 
exposed  for  a  lengthened  period  to  phosphorus  fumes,  Stubenrauch  infected 
the  site  of  the  wound  in  the  gums  by  the  Staphylococcus  aureus,  and  although 
suppuration  of  the  lower  jaw  followed,  there  was  no  sequestration  of  bone 
such  as  occurs  in  the  human  subject  suffering  from  necrosis.  The  difficulty 
of  inducing  in  animals  such  as  rabbits,  guinea-pigs,  and  dogs,  by  means  of 
phosphorus  acting  upon  an  injured  jawbone,  a  lesion  exactly  identical  with 
the  phosphor  necrosis  of  lucifer  match-makers,  is  so  clearly  established, 
that  it  would  appear  as  if  there  was  something  different  either  in  the 
surrounding  conditions  or  in  the  anatomical  structure  of  the  jawbone  in 
these  animals  and  men.  Pathologists  are  agreed  that  in  the  human  subject 
the  necrosis  of  the  jaw  is  not  the  result  of  phosphorus  alone.  If  this  has 
any  effect  it  is  simply  to  cause  a  reduction  of  the  local  resistance.  Some- 
thing else  is  necessary.  Stockman  finds  the  cause  in  the  tubercle  bacilli 
which  are  present  in  the  discharges  from  the  decaying  bone  of  the  match- 
maker, while  Stubenrauch  believes  that  it  resides  in  a  vascular  change  such 
as  thrombosis.  Evidently  the  last  word  has  not  yet  been  spoken  upon 
the  causation  of  phosphorus  necrosis.  Dearden  found  the  relative  pro- 
portion of  phosphoric  acid  to  lime  greater  in  match-makers'  bone  than  in 
that  of  healthy  persons,  and  thinks  a  chemical  change  in  the  bone  precedes 
the  necrosis. 

Another  form  of  poisoning  has  been  described  as  occurring  in  match- 
makers, in  which  the  symptoms  are  more  constitutional  than  local,  and 
which  is  known  as  phospJiorisme.  Magitot  observed  it  among  the  match- 
makers at  Pantin-Aubervilliers,  near  Paris,  and  Arnaud  met  with  it  in 
Marseilles.  Lengthened  exposure  to  the  phosphorus  fumes  induces  a  con- 
stitutional state  characterised  by  ansemia  and  cachexia,  loss  of  appetite, 
albuminuria,  and  the  end  of  which  is  phthisis.  In  Grammont,  the  principal 
seat  of  the  match  manufacture  in  Belgium,  Brocoorens  found  in  twenty- 
five  years  thirty  fractures  of  the  leg  occurring  spontaneously  in  men  who  were 
dippers,  and  who  had  suffered  from  necrosis  of  the  jaw.  Dearden  reports  two 
cases  of  double  fracture  of  thigh  in  match-makers  in  England.  Phosphorus 
fumes  are  therefore  believed  to  be  capable  not  only  of  causing  necrosis,  but 
a  constitutional  state  or  cachexia,  dependent  upon  structural  changes  in 
internal  organs,  and  a  fragility  of  the  long  bones  whereby  they  break 
readily.  In  Marseilles,  Arnaud  found  one-half  of  the  young  female  operat- 
ives anaemic,  and  although  28  per  cent,  of  the  total  workers  suffered  from 
bronchitis,  he  did  not  consider  that  the  work  predisposed  to  tuberculous 
disease,  nor  did  exposure  to  phosphorus  fumes  tend  to  produce  abortion 
in  pregnant  females. 

In  France,  the  manufacture  of  matches  is  a  government  monopoly. 
Owing  to  the  disastrous  effects  among  the  workers  caused  by  exposure  to 
the  fumes,  matches  are  in  France  no  longer  made  from  white  phosphorus. 
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A  match  that  will  strike  anywhere  is  now  made  from  sesquisulphide  of 
phosphorus,  a  compound  which  is  practically  non-poisonous,  since  it  can  be 
given  to  animals  without  causing  any  injurious  effects. 
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HYPOPHOSPHITES. 

Hypophosphites  were  introduced  into  medicine  largely  on  the  recom- 
mendation of  Churchill,  who  had  found  them  useful  in  phthisis.  He 
generally  commenced  with  small  doses,  1  gr.  at  a  time  thrice  daily,  gradu- 
ally increasing  the  dose  to  6  or  7  grs.,  given  in  syrup  or  in  pill  form. 
Larger  doses  he  found  often  caused  headache,  giddiness,  noises  in  the  ear, 
colic,  and  diarrhoea.  Hypophosphites  explode  when  heated.  The  following 
are  in  use  : — 

Acidum  Hypophosphorosum  Dilutum  (U.S.P.),  containing  about  10  per 
cent,  of  hypophosphorous  acid  (HPH202).  This  is  used  because  it  pre- 
serves solutions  of  iodides,  liable  to  decomposition  by  light  and  air.  It  is 
hardly  ever  used  therapeutically,  except  when  it  is  an  ingredient  of  syrup 
containing  hypophosphites,  the  dose  of  which  is  10  to  30  minims.  Calcii 
Hypophosphis  (B.P.  and  U.S.P.),  dose  3  to  10  grs.,  given  in  phthisis  and 
nervous  debility,  and  in  excessive  perspiration  with  the  view  of  replacing 
salts  thus  lost  through  the  skin.  Sodii  Hypophosphis  (B.P.  and  U.S.P.), 
sodium  hypophosphite,  resembles  calcium  hypophosphite  in  medicinal 
properties ;  is  a  white  granular  salt  with  bitter,  nauseous  taste  ;  dose,  3  to 
10  grs.  Potassi  Hypophosphis  (U.S. P.)  closely  resembles  sodium  hypo- 
phosphite.  Ferri  Hypophosphis  (U.S.P.),  ferric  hypophosphis :  this  white 
or  greyish  white  powder  has  been  used  when  it  is  desired  to  obtain  the 
therapeutic  effect  of  iron  and  a  hypophosphite ;  its  dose  is  2  to  10  grs.  It 
is  only  slightly  soluble  in  water,  but  a  syrup  is  made  containing  it,  and  it 
is  in  this  form  that  it  is  usually  given. 

If  given  in  the  small  doses  mentioned  above,  hypophosphites  improve 
the  appetite  and  digestion,  and  lessen  cough  and  expectoration  in  phthisis. 
As  with  other  drugs,  it  is  in  the  early  stages  of  phthisis  and  in  young 
rather  than  old  subjects  that  they  do  most  good.  They  have  been  recom- 
mended for  spermatorrhoea  and  anaemia.  The  medicinal  value  of  the 
hypophosphites  has  been  overrated.  There  are  no  official  preparations  of 
them  in  the  British,  but  two  in  the  United  States  Pharmacopoeia,  namely, 
Syrupus  Hypophosphitum  (U.S.P.),  containing  hypophosphites  of  calcium, 
potassium,  sodium,  and  hypophosphorous  acid ;  and  Syrupus  Hypophos- 
phitum cum  Ferro  (U.S.P.),  which  contains  the  first,  together  with  lactate 
of  iron.  The  dose  of  either  is  1  to  2  fluid  drms. 

In  Liquor  Hypophosphitum  Compositus,  not  official  (dose,  ^  to  2  fluid 
drms.),  there  are  the  three  hypophosphites  of  sodium,  calcium,  and  iron, 
combined  with  manganese;  and  in  the  Syrupus  Hypophosphitum  Compositus 
there  are  the  hypophosphites  of  iron,  sodium,  and  manganese,  combined 
with  quinine  and  strychnine  (dose,  J  to  2  fluid  drms.).  All  these  prepara- 
tions of  hypophosphites  are  popular  in  cases  of  anaemia  and  weakness. 
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There  are  in  the  market  several  preparations  of  the  hypophosphites  com- 
bined with  cod-liver  oil  and  maltine. 

PHOSPHATES. 

These  have  already  been  described,  namely,  calcium  phosphate  under 
Calcium,  sodium  phosphate,  under  Sodium,  iron  phosphate  under  Iron,  and 
phosphoric  acid  under  Acids. 

GLYCEROPHOSPHATES. 

Glycerophosphates  are  not  official,  but  they  deserve  special  mention,  since 
they  are  among  the  products  of  disintegration  of  a  substance  which  plays 
not  only  an  important  part  in  the  nervous  system,  but  in  the  whole  organism, 
namely,  lecithin.  In  1872,  Hoppe-Seyler  obtained  lecithin  in  the  form  of 
crystals.  It  is  found  in  seminal  fluid,  blood,  the  nervous  system,  and  the 
principal  organs.  Diakanow  called  it  distiaryl-glycerophosphate  of  neurine. 
It  is  capable  of  combining  with  various  fatty  acid  radicals.  In  the  in- 
testines lecithin  is  decomposed  into  stearic  acid,  glycerophosphate,  and 
neurine.  In  1897,  Serona  studied  the  action  of  lecithin  when  injected  into 
man,  and  he  found  that  it  increased  the  appetite,  stimulated  flesh  forma- 
tion, that  the  number  of  red  blood  corpuscles  rapidly  increased  while  the 
haemoglobin  percentage  remained  unaltered,  and  that  nitrogenous  meta- 
bolism was  increased,  as  indicated  by  the  amount  of  urea  daily  eliminated. 

Glycerophosphoric  acid  is  bibasic,  and  forms  crystallisable  salts,  soluble 
in  water.  In  sodium  glycerophosphate  there  is  18  per  cent,  of  phosphorus. 
Glycerophosphates  have  been  found  useful  in  neurasthenia,  phosphaturia, 
Graves'  disease,  lumbago,  and  mental  depression,  given  either  in  powder 
with  nux  vomica  or  in  orange  water.  They  are  harmless  preparations, 
but  doubtfully  efficacious.  There  is  the  opinion,  however,  that  patients 
under  their  administration  have  become  stronger,  and  showed  signs  of 
improvement. 

In  Calcii  Glycerophosphas  (dose,  3  to  10  grs.,  soluble  in  water),  and 
Ferri  Glycerophosphas  (dose,  1  to  5  grs.,  sparingly  soluble  in  water),  we 
have  combinations  that  are  believed  to  be  of  service  to  people  run  down  in 
health  through  over-work,  and  who  are  the  subjects  of  nervous  debility. 
They  are  best  administered  in  the  form  of  syrup,  and  should  be  taken 
directly  after  meals.  Most  reliable  manufacturing  chemists  prepared  a 
syrup  containing  several  glycerophosphates. 

THOMAS   OLIVER. 


HYDEAEGYEUM. 

(B.P.    AND  U.S.P.) 

MERCURY  or  quicksilver  sometimes  contains  impurities,  either  due  to  the 
want  of  sufficient  care  in  preparation,  or  occurring  as  the  result  of  coming 
in  contact  subsequently  with  various  metallic  substances,  with  which  it 
readily  combines  or  amalgamates.  Most  of  these  may  be  removed  by 
treating  it  with  dilute  nitric  acid,  but  it  is  usually  purified  by  distillation. 
It  is  found  most  frequently  in  nature  in  combination  with  sulphur,  as 
cinnabar,  and  very  rarely  in  combination  with  chlorine,  as  calomel. 

Pharmacology. — Under  favourable  circumstances,  mercury  is  highly 
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destructive  to  all  forms  of  animal  life ;  and  many  of  its  salts,  especially 
the  mercuric  chloride  and  iodide,  are  highly  efficient  germicides,  destroying 
bacteria  and  arresting  septic  processes  with  great  promptness. 

Pure  mercury  is  odourless  and  tasteless.  When  taken  into  the 
alimentary  canal,  in  the  ordinary  metallic  form,  it  rapidly  traverses  the 
tract,  owing  to  its  weight  and  mobility,  and  therefore  acts  as  a  mechanical 
purgative.  When  metallic  mercury  has  been  intimately  mixed  with  some 
inert  substance,  however,  it  becomes  much  more  physiologically  active, 
because  more  susceptible  to  the  action  of  the  acids  or  salts  of  the  secre- 
tions, with  which  it  forms  compounds.  Thus,  in  Pilula  Hydrargyri  (B.P.), 
or  blue  pill,  the  mercury  (33J  per  cent.)  is  mixed  with  a  vehicle  of  con- 
fection of  roses  (50  per  cent.),  and  liquorice  root  in  fine  powder  (16§  per 
cent.) ;  in  Massa  Hydrargyri  (U.S.P.),  also  called  blue  pill,  and  containing 
33  per  cent,  of  mercury,  with  glycyrrhiza  5  per  cent.,  althtea  25  per 
cent.,  honey  of  rose  34  per  cent.,  and  glycerin  3  per  cent. ;  in  Hydrar- 
gyrum cum  Greta  (B.P.),  grey  powder,  in  which  mercury  (1  part)  is  rubbed 
with  prepared  chalk  (2  parts)  "until  metallic  globules  cease  to  be  visible 
to  the  naked  eye " ;  or  in  Hydrargyrum  cum  Greta  (U.S.P.),  which  is  the 
same  preparation  with  a  little  honey  rubbed  in ;  and  Unguentum  Hydrargyri 
(B.P.),  blue  ointment,  containing  mercury,  lard,  and  prepared  suet,  "  tri- 
turated until  metallic  globules  cease  to  be  visible  "  ;  or  in  the  blue  oint- 
ment (U.S.P.),  which  is  prepared  in  the  same  way,  but  contains  oleate 
of  mercury, — we  have  official  preparations  which  possess  very  decided 
physiological  actions.  The  results  vary  greatly,  according  to  the  pre- 
paration, dose,  and  duration  of  administration.  In  rather  large  or  fre- 
quently repeated  doses,  each  of  the  foregoing  preparations  intended  for 
internal  administration  produces  free  evacuation  of  the  bowels.  When 
given  in  what  are  called  tonic  doses,  at  longer  intervals,  three  times  daily, 
usually  taken  with  the  food,  mercury  at  first  favours  hsematosis,  increasing 
the  number  of  red  blood  corpuscles ;  exalts  metabolism,  improves  appetite 
and  the  power  of  assimilation  ;  and  it  also  stimulates  the  absorbents  and 
excretory  organs  to  carry  away  morbid  and  excrementitious  products. 

After  the  introduction  of  mercury  into  the  system  by  inunction  or 
intravenous  injection,  it  has  been  observed  by  Justus  that  the  blood  of 
syphilitic  patients  shows  a  peculiar  reaction,  and  this  has  been  proposed  as 
a  diagnostic  test  for  syphilis.  This  test  depends  upon  a  special  sensitive- 
ness of  the  red  blood  corpuscles,  and  is  shown  by  a  sudden,  sharp  fall  in 
the  percentage  of  haemoglobin  during  the  few  hours  immediately  following 
the  administration  of  this  agent.  Later,  the  haemoglobin  gradually  rises  to 
a  point  above  that  seen  before  the  remedy  was  given.  Justus  observed 
this  sudden  fall  of  10  to  20  per  cent,  in  the  haemoglobin  following 
the  use  of  mercury,  by  inunction  or  hypodermically,  in  over  300  cases 
of  syphilis.  The  amount  of  the  fall  depends  upon  the  severity  of  the 
disease  and  the  method  of  administration.  If  the  method  of  inunction 
is  followed,  the  haemoglobin  falls  only  after  the  first  inunction ;  but  after 
subcutaneous  or  intravenous  injection  the  sudden,  sharp  fall  in  haemoglobin 
usually  follows  each  of  the  first  three  or  four  doses.  No  effect  of  this 
character  is  observed  when  the  mercury  is  given  by  the  mouth. 

By  whatever  channel  it  may  be  introduced  into  the  system,  mercury 
has  a  very  marked  effect  upon  the  salivary  glands,  increasing  their 
secretions,  also  those  of  the  pancreas  and  of  the  glands  of  the  intestine. 
When  the  quantity  of  bile  is  increased,  it  is  chiefly  by  adding  to  its 
watery  constituents;  but  the  characteristic  salts  of  the  bile  are  not  in- 
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creased,  as  a  rule,  to  any  extent,  by  mercury  or  its  preparations,  except 
by  the  bichloride,  which  is  a  cholagogue.  In  certain  diseases  mercury 
exerts  a  powerful  alterative  effect,  and  eliminates  the  toxines  from  the 
system,  and  exercises  a  specific  or  elective  action  upon  the  cause  of  the 
disorder  and  its  pathological  products.  Some  of  the  preparations  of  mercury 
are  corrosive  poisons  (e.g.  the  bichloride) ;  one  is  a  powerful,  direct  emetic 
(the  basic  mercuric  sulphate,  or  turpeth  mineral,  U.S.P.) ;  many  of  them 
are  purgative  (calomel,  blue  pill),  and  a  few  are  diuretic  (calomel  and 
mercury  salicylate). 

Soon  after  being  received  into  the  stomach — in  the  form  of  pill,  oint- 
ment, or  preparation  with  chalk — the  finely  divided  metallic  mercury  is 
readily  acted  upon  by  the  gastric  secretions  and  food  principles  which  it 
encounters.  With  these  it  forms  compounds  soluble  in  excess  of  sodium 
chloride  or  albumin,  which  are  taken  up  by  the  absorbents  in  the  stomach 
and  intestine  in  the  form  of  albuminate  or  oxyalbuminate,  and  are  re- 
ceived in  this  form  into  the  blood.  In  the  tissues  and  organs,  the  mercury 
is  then  deposited  in  less  soluble  form,  and  may  thus  accumulate  in  the 
body,  especially  in  certain  parts  like  the  liver,  the  spinal  cord,  and  in  the 
medullary  cavities  of  long  bones.  After  death,  globules  of  metallic 
mercury  were  found  in  the  cancellated  tissue  of  the  head  of  the  tibia  of 
a  man  who  had  taken  mercury  medicinally  for  a  long  time. 

In  the  tissues,  mercury  exerts  an  elective  influence  on  processes  in 
which  the  growth  of  young  cells  are  active  participants,  and  it  stimulates 
the  absorbents  to  remove  inflammatory  exudations  and  new  growths  of 
syphilitic  or  scrofulous  origin.  In  doses  rather  larger  than  the  so-called 
"  tonic  dose,"  or  if  the  administration  is  too  long  continued,  certain 
deleterious  effects  become  manifested.  The  action  of  the  heart  is  weakened, 
owing  to  a  poisonous  action  on  the  heart  muscle.  In  the  blood,  the 
ozonising  power  of  the  red  corpuscle  is  reduced  and  the  proportion  of 
erythrocytes  is  diminished.  The  fibrin-forming  power  of  the  blood  is 
diminished  also.  The  body  wastes,  owing  to  deficient  oxidation  and  the 
stimulation  of  the  lymphatic  system.  Nervous  tissue,  and  especially  that 
in  the  spinal  cord,  undergoes  a  form  of  degeneration,  or  slow  inflammatory 
change,  which  is  followed  by  characteristic  symptoms,  such  as  decline  of 
motor  power  and  impaired  co-ordination.  Weakness  or  tremor,  or  paralysis, 
may  be  observed  in  certain  muscles,  and  there  may  be  wrist-drop  as  in 
cases  of  plumbism.  An  illustration  of  this  is  seen  in  the  case  which 
A.  W.  Foot  reported  of  loss  of  power  of  the  muscles  of  the  fore- 
arm and  hand  after  rubbing  the  red  iodide  ointment  into  cattle  in 
veterinary  practice. 

Elimination. — Mercury  is  eliminated  rather  slowly  from  the  body,  and 
salivation  may  come  on  a  day  or  two  after  the  administration  has  been 
discontinued,  thus  indicating  the  possibility  of  cumulative  effects  from 
ordinary  doses,  if  repeated  sufficiently  often,  as  when  mercurial  purgative 
pills  are  constantly  taken,  or  mercurial  ointment  freely  used,  or  mercurial 
plaster  is  left  on  too  long.  The  enlargement  of  the  liver  which  is  found  in 
such  cases,  taken  in  connection  with  the  cachexia,  might  lead  to  the  supposi- 
tion that  carcinoma  existed,  but  the  blue  line  on  the  gums,  the  gingivitis, 
and  heavy  foetid  breath,  will  afford  a  key  to  the  proper  diagnosis. 

Mercurial  poisoning  so  easily  results  from  the  injudicious  therapeutic 
use  of  mercury,  that  it  will  be  well  to  consider  it  here  rather  than  at  the 
end  of  the  article,  and  to  discuss  the  chronic  poisoning — called  mer- 
curialism — before  the  acute. 
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TOXICOLOGY. 

Chronic  poisoning. — The  morbid  phenomena  produced  by  preparations 
of  mercury,  when  introduced  into  the  system  in  excess  of  the  physiological 
limit,  are  known  collectively  as  hydrargyrosis  or  mercurialism,  also,  in  cases 
marked  especially  by  one  prominent  symptom,  as  ptyalism  or  salivation. 
Among  the  earliest  symptoms  indicating  the  fact  that  a  patient  is 
becoming  mercurialised  is  usually  the  condition  of  the  mouth.  The 
breath  becomes  malodorous.  The  gums  become  soft,  spongy,  and  bleed- 
ing, and  near  the  base  of  the  upper  and  lower  incisors  may  be  seen 
a  distinct  blue  line,  parallel  with,  and  just  below,  their  free  border, 
where  they  come  in  contact  with  the  tartar  on  the  teeth.  The  teeth 
loosen  and  may  drop  out.  In  children  it  has  been  observed  that  the  first 
symptom  announcing  the  toxic  effect  of  mercury  has  been  rapid  shedding 
of  the  teeth,  even  without  any  evident  affection  of  the  gums.  The  tongue 
has  a  heavy,  greyish-coloured  coating,  and  the  salivary  glands  pour  out  an 
excessive  quantity  of  a  colourless  watery  secretion  of  foetid  odour.  The 
secretion  may  be  so  profuse  as  to  keep  the  patient  awake  all  night,  the 
discharge  amounting  to  a  pint  or  more  in  twenty-four  hours.  A  low 
grade  inflammation,  but  obstinate  and  progressive,  and  proceeding  to 
ulceration,  may  attack  the  tongue  or  the  lips,  and  extend  as  gangrene  to 
the  cheeks,  producing  frightful  deformity  of  the  face.  Necrosis  of  the 
inferior  maxilla  or  of  other  bones  may  follow,  and  require  surgical 
operation.  This  is  more  likely  to  occur  in  childhood  than  in  adult  life, 
and  instances  are  less  frequent  at  the  present  day  than  they  were  formerly, 
when  calomel  was  so  freely  given  as  a  part  of  the  old  antiphlogistic 
treatment. 

Gouty  and  scrofulous  patients  do  not  bear  mercury  well.  In  the  former, 
neuralgia  is  often  caused  by  small  doses,  and  in  the  latter  salivation  is 
liable  to  be  followed  by  severe  results.  It  has  been  stated  that  ptyalism 
is  more  likely  to  occur  in  persons  suffering  with  Blight's  disease  of  the 
kidneys,  and  therefore,  when  it  is  proposed  to  push  a  mercurial  course,  a 
preliminary  examination  of  the  urine  should  be  made.  In  the  very  young, 
or  very  old,  especially,  salivation  should  be  scrupulously  avoided. 

Mercurial  cachexia  and  mercurial  erethism  are  more  chronic  forms  of 
mercurial  intoxication  than  the  preceding,  and  the  symptoms  are  less 
characteristic,  so  that  their  real  cause  may  be  overlooked.  The  former  is 
a  comprehensive  term,  including  all  the  symptoms  attending  a  condition 
of  malnutrition  caused  by  mercury,  including  many  evidences  of  toxic 
action ;  the  latter  is  a  low  febrile  condition,  attended  by  great  prostration, 
resulting  from  mercurial  poisoning.  Some  of  the  phenomena  thought  to 
be  due  to  syphilis  may  in  reality,  as  pointed  out  by  Einger,  be  the  effects 
of  the  specific  treatment,  chronic  intoxication  by  mercury  being  attended 
by  certain  symptoms  which  closely  imitate  the  secondary  and  tertiary 
manifestations  of  syphilis.  Anaemia,  emaciation,  oedema,  and  ery thematous, 
vesicular,  or  pustular  eruptions  in  the  skin,  with  neuralgia,  headache, 
feebleness,  tremor,  paralysis  of  certain  muscles,  have  been  noticed ;  even 
epileptiform  convulsions  may  be  excited,  owing  to  the  effect  of  the 
poison  on  the  nervous  system,  and  the  promotion  of  retrograde  meta- 
morphosis. Abortion  may  occur  in  pregnant  women,  due  to  the  extreme 
condition  of  malnutrition.  Symptoms  of  coryza  may  follow  an  ordinary 
dose  of  blue  pill,  and  on  this  account  it  is  prudent  to  adopt  the  usual 
custom  and  prescribe  a  saline  cathartic,  to  be  administered  some  hours 
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after  the  mercurial  lias  been  taken.  In  some  persons  an  idiosyncrasy  exists 
against  mercury,  and  in  them  even  small  doses  will  cause  salivation,  or 
excite  headache  or  neuralgia  of  the  face  and  extreme  nervousness. 

Nervous  system. — The  inhalation  of  vapours  from  boiling  mercury,  as 
where  workmen  are  engaged  in  making  thermometers,  or  in  silvering 
looking-glasses,  has  been  followed  by  salivation,  debility  with  tremors,  and 
other  symptoms  of  poisoning,  especially  affecting  the  nervous  system,  such 
as  local  paralysis.  The  tremors  are  fine,  and  affect  chiefly  the  hands. 
They  are  also  seen  in  furriers,  as  mercury  is  used  to  prepare  furs. 
Diarrhoea  is  common,  and  hepatic  abscesses  are  said  to  have  been  caused. 

The  application  of  mercurial  ointment,  or  of  solution  of  mercuric 
nitrate,  to  the  skin  for  medicinal  purposes,  is  exceptionally  followed  by 
mercurialism,  and  when  there  are  fissures  in  the  skin  the  most  serious 
consequences  may  follow  absorption  of  the  mercurial  dressing.  Ptyalism 
is  a  reflex  phenomenon,  depending  oftentimes  upon  primary  mercurial 
stomatitis.  It  is  important,  therefore,  during  the  administration  of  mer- 
cury, to  see  that  the  teeth  are  regularly  cleaned  several  times  each  day, 
and  that  the  mouth  is  kept  in  a  healthy  condition.  Carious  teeth  should 
be  extracted,  or  temporarily  filled,  as  they  are  often  the  starting-point  of 
mercurial  inflammation  of  the  gums. 

A  coarse  erythematous  rash  is  occasionally  observed  upon  the  skin, 
following  the  administration  of  mercury,  and  it  may  be  attended  by  itch- 
ing and  followed  by  desquamation.  Vesicular  and  pustular  lesions  have 
been  rarely  excited,  and  ulcers  due  to  local  necrosis  may  appear,  as  already 
indicated  when  on  the  subject  of  ptyalism.  In  chronic  poisoning  the 
skin  becomes  dry  and  harsh,  and  its  pigment  is  increased,  so  that  it  is 
darker  in  colour  than  it  was  previously,  and  the  patient  may  suffer  with 
intractable  diarrhoea. 

Owing  to  individual  susceptibility,  it  is  important  to  note  that  what 
is  a  safe  dose  in  one  patient  may  excite  toxic  symptoms  in  another. 
Ptyalism  has  resulted  from  1|  gr.  of  calomel,  and  from  even  less  than  the 
ordinary  dose  of  corrosive  sublimate  (-^  gr.).  The  application  of  a  small 
quantity  of  an  alcoholic  solution  of  corrosive  sublimate  to  a  patch  of  ring- 
worm has  occasioned  fatal  results  in  a  child. 

Treatment. — Mouth-washes  containing  chlorate  of  potassium  and  myrrh 
are  useful  in  salivation,  and  moderate  doses  of  belladonna  tincture  may 
be  administered  to  diminish  the  excessive  action  of  the  salivary  glands. 
Under  this  treatment  the  gums  become  healthy  and  the  loose  teeth 
become  firm.  To  eliminate  mercury  from  the  system,  the  iodide  of 
potassium  or  of  sodium  is  usually  employed,  but  great  care  must  be 
taken  not  to  exceed  a  moderate  dosage,  since  the  combination  of  iodine 
with  mercury  in  the  tissues  produces  a  soluble  salt,  which  is  very  active 
and  may  secondarily  cause  mercurial  intoxication  of  the  system.  The 
drinking  of  water  is  to  be  encouraged,  and  diuretics  may  be  employed 
to  assist  the  kidneys  to  carry  off  the  mercury,  while  frequent  warm  baths 
will  remove  any  of  the  poison  which  has  been  thrown  out  by  the  sweat 
glands.  The  tendency  to  wasting  and  haematosis  may  be  counteracted 
by  the  use  of  highly  nourishing  food  and  hygienic  treatment. 

Acute  poisoning. — Mercuric  chloride,  or  corrosive  sublimate,  as  it  is 
called,  when  taken  in  toxic  doses,  has  symptoms  much  more  acute  and  violent 
than  those  just  considered.  In  the  human  subject,  almost  immediately 
after  the  dose  has  been  swallowed,  there  is  a  metallic  taste  in  the  mouth,  a 
pain  in  the  throat  and  stomach,  prompt  vomiting  and  severe  retching, 
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hsematemesis,  purging,  at  first  serous  and  then  bloody,  more  or  less  sup- 
pression of  urine,  and  the  small  quantity  excreted  is  dense  and  contains 
albumin,  blood,  and  casts ;  the  face  is  swollen  and  dark-coloured,  owing  to 
the  efforts  at  vomiting.  There  is  great  prostration  of  physical  powers, 
weak  rapid  pulse,  lowered  temperature ;  and  death  may  be  rapidly  induced 
by  this  virulent  poison. 

When  corrosive  sublimate  is  injected  into  the  blood  of  animals,  it  is 
eliminated  chiefly  by  the  intestinal  glands  and  the  kidneys.  In  acute 
poisoning  there  are  found  in  the  stomach  and  intestines,  chiefly  in  the 
solitary  glands,  lesions  consisting  of  hypersemia,  haemorrhages,  and 
necrosis  or  ulceration.  There  is  also  a  parenchymatous  inflammation 
of  the  kidneys,  also  congestion,  extravasations,  and  necrosis  of  the  renal 
epithelium. 

In  a  case  in  which  a  fatal  result  does  not  quickly  follow,  salivation, 
stomatitis,  and  gastro-enteritis  may  be  set  up,  and  a  febrile  condition 
ensue,  with  discharges  of  false  membrane  or  fibrinous  casts  from  the 
bowels,  and  death  from  exhaustion  may  occur  after  a  week  or  two. 
Cicatricial  stricture  of  the  oesophagus  may  also  be  a  result.  A  milder 
form  of  chronic  intoxication  has  followed  absorption  of  the  bichloride 
from  the  antiseptic  solutions  which  were  formerly  used  by  surgeons  much 
more  than  they  are  at  the  present ;  it  is  chiefly  manifested  by  a  dermatitis 
of  the  hands  and  fore-arms  (which  ordinarily  come  most  in  contact  with  the 
solution),  and  temporary  impairment  of  nutrition  and  general  health. 

Treatment. — The  antidote  to  corrosive  sublimate  and  to  mercurials,  as 
a  rule,  is  albumin,  as  suggested  by  Orfila  ;  that  existing  in  eggs  is  generally 
most  convenient  for  administration.  Wheat  flour  and  milk  should  also 
be  given  freely,  and  vomiting  encouraged  by  large  draughts  of  warm  water ; 
or  the  stomach-pump  may  be  used  and  the  stomach  thoroughly  washed  out. 
The  circulation  should  be  supported  by  cardiac  stimulants,  and  small  doses 
of  morphine  and  atropine  given  hypodermically  to  relieve  suffering. 

As  a  chemical  antidote,  to  be  administered  directly  after  mercuric 
perchloride  or  corrosive  sublimate  has  been  swallowed,  ferrous  sulphate, 
Peruvian  bark,  meconic  acid,  and  iron  filings  have  each  been  recommended. 
A  mixture  of  gold  leaf  and  reduced  iron,  made  up  into  boluses,  was  used 
successfully  in  a  case  of  this  character  by  C.  Johnston  of  Baltimore,  act- 
ing upon  the  suggestion  of  T.  H.  Buckler,  based  upon  the  fact  of  the  use 
of  gold  and  iron  as  a  test  for  corrosive  sublimate.  Promptness  in  treat- 
ment is  of  the  greatest  importance,  on  account  of  the  diffusibility  and 
extreme  virulence  of  the  poison. 

Therapeutics. — It  will  save  repetition  to  first  consider  the  uses  of 
mercurials  generally.  The  individual  use  of  particular  salts  will  be  given 
under  each  salt. 

External. — -Mercurial  preparations  are  applied  to  the  skin  as  para- 
siticides, as  local  stimulants,  as  caustics,  and  for  their  specific  action  upon 
syphilitic  lesions.  They  may  also  be  applied  for  their  effect  upon  the  deeper 
structures,  through  the  principle  of  counter-irritation,  or  with  the  object 
of  obtaining  a  certain  amount  of  penetration  of  the  skin  and  absorption. 
After  absorption  they  may  produce  local  effects,  by  removing  inflammatory 
exudations  or  gummatous  deposits  ;  or,  being  carried  by  the  lymphatics  and 
capillaries  into  the  general  circulation,  they  may  be  employed  to  produce 
characteristic  systemic  effects  (ptyalism,  etc.),  identical  with  those  follow- 
ing administration  of  this  agent  by  any  other  channel. 

The   parasiticidal   effects   of    mercurials   have   been   of   the   greatest 
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service  in  the  modern  development  of  antiseptic  surgery  and  midwifery. 
The  mercuric  chloride,  the  cyanide,  and  red  iodide  have  been  principally 
employed,  but  the  first  by  far  the  most  frequently.  Hydrargyri  per- 
chloridum,  mercuric  chloride,  or  corrosive  sublimate,  is  cheap,  is  efficient 
in  remarkably  minute  proportions,  and  is  highly  soluble  in  water.  Its 
solutions  are  colourless,  odourless,  and  permanent,  and  are  easily  prepared 
when  wanted.  The  Liquor  Hydrargyri  Perchloridi  (B.P.),  ^  gr.  in  1  fluid  oz., 
is  a  convenient  preparation  for  making  solutions  of  any  desired  strength. 
Solutions  of  1  in  2000  in  recently  boiled  water,  4'81  grs.  to  1  pint, 
are  too  strong  to  be  used,  except  where  the  skin  is  unbroken ;  half 
this  strength  is  used  in  the  process  of  disinfecting  the  hands  of  the 
operator  and  his  assistants,  and  solutions  of  1  to  6000  or  8000  may  be 
used  for  irrigation  of  the  field  of  operation,  or  washing  infected  wounds. 
Solutions  even  weaker  are  used  where  a  mucous  surface  is  concerned ;  and, 
indeed,  irrigation  of  the  vagina  with  a  solution  of  this  strength  has  been 
followed  by  symptoms  of  poisoning.  To  overcome  the  tendency  of 
corrosive  sublimate  to  unite  with  albuminous  secretions  and  blood,  and 
become  inert,  Ernest  Laplace  recommended  the  combination  of  an  acid. 
Thus,  if  corrosive  sublimate,  1  part,  and  hydrochloric  acid,  5  parts,  be 
dissolved  in  enough  water  to  make  1000  parts,  a  preparation  is  obtained 
which  will  not  be  changed  by  contact  with  albuminous  fluids.  For  con- 
venience in  making  solutions  extemporaneously,  tartaric  acid  may  be 
substituted  for  the  hydrochloric  acid.  Tablets  are  made  by  compression, 
each  containing  3'85  grs.  of  the  former  and  19'25  grs.  of  the  latter,  which 
will,  when  dissolved  in  16  oz.  of  water,  make  a  solution  of  1  to  2000.  This 
may  be  further  diluted,  if  desired.  These  tablets  are  now  very  largely 
used  both  in  surgical  and  in  obstetrical  practice.  It  has  been  shown  by 
Welch  of  Johns  Hopkins  University,  that  the  use  of  the  perchloride  or 
corrosive  sublimate,  in  operations,  to  irrigate  recently  cut  surfaces,  causes 
a  superficial  coagulation  necrosis,  and  lowers  the  vitality  of  the  cells, 
and  therefore  indirectly  favours  suppuration  and  directly  interferes  with 
primary  union.  Surgeons  now  generally  restrict  the  employment  of  the 
perchloride  to  disinfection  of  the  field  of  operation  and  surrounding  area 
of  skin,  after  preliminary  scrubbing  with  soap  and  water,  and  shaving  off 
any  hair  that  may  be  on  the  part  to  be  operated  upon,  and,  as  previously 
stated,  for  disinfection  of  the  hands  previous  to  engaging  in  surgical 
operations  or  the  obstetric  manipulations.  For  washing  out  wounds, 
filtered  and  recently  boiled  water  is  now  generally  used  instead  of  the 
mercurial  solutions. 

Mercurial  soaps,  containing  albuminate  or  perchloride  of  mercury,  have 
been  found  very  serviceable  in  surgery,  as  they  can  be  employed  in 
conjunction  with  mercurial  solutions  for  cleansing  the  part  to  be  operated 
upon,  or  the  surgeon's  hands.  They  also  are  serviceable  in  certain 
parasitic  skin  diseases,  such  as  pityriasis,  ringworm,  and  favus. 

In  lying-in  wards,  the  disinfection  of  the  hands  of  the  attendants  is 
held  to  be  imperatively  necessary  at  the  present  day.  The  patient  is  also 
cleansed  carefully,  and  bichloride  dressings  applied  over  the  vulva.  In  cases 
known  to  be  infected,  or  where  there  is  a  decided  leucorrhoeal  discharge,  a 
vaginal  douche  of  1  to  10,000  is  given  previous  to  delivery,  and  in  most 
cases  subsequent  thereto.  On  the  first  appearance  of  puerperal  fever,  with 
stoppage  of  discharge  or  bad-smelling  lochia,  antiseptic  injections  are 
resorted  to,  with  excellent  results  in  relieving  symptoms  and  reducing 
mortality.  The  biniodide  or  red  iodide  of  mercury  (hydrargyri  iodidum. 
28 
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rubrum)  has  been  recommended  by  Miguel  as  a  substitute  for  the 
corrosive  sublimate,  over  which  it  has  the  advantage  of  being  less  irritating 
and  less  liable  to  cause  poisoning,  as  it  is  employed  in  much  weaker 
solution.  In  puerperal  septictemia,  it  has  been  employed  (1  to  25,000)  for 
Ultra-uterine  irrigation,  several  times  daily,  with  excellent  results.  The 
solutions  are  readily  made  by  adding  an  equal  amount  of  iodide  of 
potassium  to  the  mercuric  iodide,  as  this  alone  is  not  very  soluble  in  water. 
Panas  prefers  this  solution  to  the  sublimate  solutions  for  eye  surgery. 
Its  bactericidal  power  is  so  great  that  a  solution  as  weak  as  1  to  50,000 
will  destroy  staphylococci  and  saprophytic  bacteria,  and  consequently  is 
antagonistic  to  suppuration,  when  applied  as  a  dressing  to  wounds. 
Cotton  and  gauze  impregnated  with  the  perchloride,  or  other  bactericidal 
salt,  of  mercury,  are  in  daily  use  by  surgeons.  They  are  also  supplied  to 
troops,  in  the  form  of  packets,  for  first  aid  to  the  wounded,  which  in  the 
recent  Spanish-American  war  were  largely  used  by  the  soldiers  at  the 
battle  of  Santiago,  and  many  lives  were  saved  by  the  prompt  application 
of  these  antiseptic  dressings.  In  pediculosis  of  the  head  or  pubes,  the 
application  of  a  lotion  composed  of  1  gr.  of  corrosive  sublimate  in  an 
ounce  of  vinegar  destroys  the  lice  and  also  their  ova.  Applications  of  the 
perchloride  solution  in  alcohol,  in  tincture  of  benzoin,  or  in  collodion,  are 
used  with  good  results  in  ringworm ;  and  an  ointment  of  10  to  40  grs.  to 
1  oz.  of  lanoline  has  been  recommended  as  an  application  in  lupus  vulgaris 
by  White  of  Boston. 

The  ointment  of  mercury  is  applied  to  the  skin  for  its  parasiticidal 
effect,  in  popular  practice,  in  the  treatment  of  pediculosis  pubis  or  crab- 
lice,  two  or  three  applications  at  night,  followed  by  thorough  cleansing 
next  morning  with  soap  and  warm  water,  being  generally  sufficient  to 
destroy  these  parasites.  As  in  the  case  of  itch,  due  care  is  also  to  be 
taken  to  prevent  reinfection  from  the  clothing,  which  should  be  baked  or 
pressed  with  a  hot  iron.  This  treatment  is  efficient,  but  care  should 
be  taken  that  ptyalisin  is  not  produced  by  it.  For  syphilitic  psoriasis 
of  the  hands  or  feet,  a  plaster  containing  metallic  mercury  and  turpentine, 
of  each  100  parts,  lead  plaster  250  parts,  and  pine  resin  50  parts, 
has  been  found  a  very  useful  application,  which,  when  applied,  should 
be  kept  in  contact  with  the  affected  skin  as  long  as  it  will  remain 
adherent.  During  the  course  of  smallpox,  a  mask  of  muslin  on  which 
mercurial  ointment  has  been  thinly  spread,  is  a  valuable  resource  to 
prevent  pitting.  Velpeau,  Eicord,  and  others  have  advised  the  use  of 
mercurial  ointment  in  the  treatment  of  erysipelas,  but  it  is  unsightly,  and 
is  rarely  if  ever  used,  other  more  acceptable  methods  having  been 
preferred.  The  induration  following  epididymitis,  especially  in  syphilitic 
orchitis,  is  well  controlled  by  blue  ointment,  if  covered  by  a  bandage 
applied  with  some  pressure. 

The  local  application  of  mercurial  ointment,  or  of  the  dilute  preparation, 
Linimentum  Hydrargyri  (B.P.),  liniment  of  mercury,  containing  ointment 
of  mercury  1  oz.,  strong  solution  of  ammonia  160  minims,  and  camphor 
liniment  q.s.  ad  3  fluid  oz.,  has  proved  to  be  of  great  service  in  the  treat- 
ment of  swollen  joints.  In  subacute  synovitis  of  the  knee-joint,  the 
favourite  method  of  treatment  is  by  inunction.  The  incorporation  of  1  drm. 
of  camphor  with  each  ounce  of  mercurial  ointment  formed  the  Ceratum 
Hydrargyrum  Compositum  of  the  London  Pharmacopeia,  and  is  known  in 
the  hospitals  as  Scott's  dressing.  The  Unguentum  Hydrargyri  Compositum 
(B.P.)  contains  less  mercury  and  a  larger  proportion  of  camphor.  It  is 
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composed  of  mercury  ointment  10  parts,  yellow  beeswax  6  parts,  olive 
oil  16  parts,  camphor  in  flowers  3  parts.  This  should  be  applied  to 
the  affected  joint  upon  strips  of  bandage,  with  some  pressure,  and 
a  posterior  straight  splint  should  be  adjusted  to  the  limb,  and  complete 
rest  enjoined.  Some  surgeons  prefer  to  use  the  same  ointment  over 
surfaces  from  which  the  epidermis  has  been  removed  by  blistering,  i.e.  by 
the  eiidermic  method.  Where  there  is  much  pain,  as  in  gonorrhceal 
arthritis,  equal  parts  of  belladonna  ointment  and  mercurial  ointment  are 
employed.  The  same  application  is  useful  in  visceral  inflammations,  in 
pelvic  cellulitis  or  peritonitis.  Where  inflammation  of  the  lymphatic 
vessels  of  the  arm,  angeioleucitis,  follows  poisoned  wounds  of  the  fingers, 
as  dissecting  wounds,  the  course  of  the  inflamed  vessels  up  the  fore- 
arm should  be  covered  with  mercurial  ointment  and  a  blister  applied 
near  the  axilla,  encircling  the  arm. 

Internal. — Syphilis. — A  common  form  for  giving  mercury  for  syphilis  is 
the  protiodide,  ^  gr.  of  which  may  be  given  with  extract  of  gentian  after 
each  meal,  while  the  iodide  of  potassium  is  given,  well  diluted,  before  the 
beginning  of  the  meal.  The  treatment  must  continue  for  years,  with 
occasional  intermissions.  After  administering  the  mercurials  and  iodides 
for  two  years,  the  patient  should  be  instructed  to  report  at  any  time 
should  any  symptoms  arise  which  require  attention ;  but  every  spring  and 
fall  a  six  weeks'  course  of  mixed  treatment  should  be  given  for  three 
years  longer.  The  combination  of  biniodide  of  mercury  -^v  gr.,  with 
iodide  of  potassium  10  grs.,  given  in  a  teaspoonful  of  vanilla  syrup,  or 
compound  decoction  of  sarsaparilla,  forms  an  agreeable  preparation,  which 
generally  agrees  with  the  stomach. 

A  fluid  drm.  of  the  Liquor  Hydrargyri  Perchloridi  (B.P.)  is  very  often 
given  three  times  a  day,  iodide  of  potassium  is  usually  combined  with 
it,  and  then  the  patient  takes  the  biniodide  of  mercury.  Sometimes,  as 
will  be  mentioned,  the  green  iodide  of  mercury  is  used,  and  some 
authorities  give  small  doses  of  calomel.  The  best  preparation  for  children 
is  grey  powder  about  J  to  1  gr.,  given  just  often  enough  to  avoid  purgation. 
Hutchinson  frequently  prefers  to  give  1  gr.  three  times  a  day  to  adults, 
believing  that  it  is  often  the  best  way  to  give  mercury  for  syphilis. 

The  vapour  of  calomel  is  used  both  for  its  local  and  its  general  effect. 
An  apparatus  for  making  local  applications  of  calomel  vapour  was  devised 
by  Kane,  consisting  of  a  bulbed  glass  tube  ending  in  a  fine  point.  The 
bulb  being  heated  so  that  the  calomel  begins  to  rise  in  vapour,  a  current 
of  air  is  passed  through  the  tube,  the  point  of  which  is  directed  against 
the  skin  lesion  which  we  desire  to  treat.  When  applied  to  the  whole 
surface  of  the  body,  the  process  is  called  fumigation.  The  calomel  is 
vaporised  by  heat,  and  is  deposited  upon  the  surface  of  the  skin,  when 
a  portion  of  it  produces  a  local  alterative  effect  upon  any  lesion  which 
may  be  the  object  of  treatment,  and  another  portion,  penetrating  the 
pores  of  the  skin  by  absorption,  produces  a  systemic  effect.  The  method 
of  fumigating  with  calomel  is  very  simple.  The  patient,  entirely  divested 
of  clothing,  is  seated  upon  a  cane-bottomed  chair  with  his  feet  in  a 
vessel  of  hot  water,  and  a  blanket  is  then  placed  around  him  closely 
fitted  to  the  neck,  and  extending  from  neck  to  floor.  After  the 
patient  has  begun  to  perspire  freely,  a  spirit  lamp  is  placed  under 
his  chair,  and  over  the  flame  of  the  lamp  is  a  piece  of  tin  on  which 
from  20  to  30  grs.  of  calomel  are  placed.  The  calomel  is  vaporised  by  the 
heat,  and  is  deposited  upon  the  moist  skin  of  the  patient.  After  the 
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fumigation  has  lasted  about  fifteen  minutes  to  half  an  hour,  he  is 
enveloped  in  a  blanket,  without  wiping  the  skin,  and  is  placed  in  bed 
for  an  hour  or  more. 

This  is  one  method  of  producing  a  mercurial  impression  upon  the 
system,  another  is  inunction,  which  will  be  considered  here,  as  calomel  is 
often  employed.  Mercurial  inunction  is  the  direct  application  of  a 
mercurial  to  the  surface  of  the  body,  with  the  intention  of  producing  the 
systemic  effects  of  mercury. 

It  is  in  the  treatment  of  syphilis,  especially  of  the  secondary  or  tertiary 
stage,  that  inunction  is  most  frequently  resorted  to.  When  an  ointment 
is  used,  inunction  is  thus  performed.  Either  calomel  ointment  (which  is 
not  often  used)  or  the  blue  ointment  or  the  oleate  may  be  selected ;  the 
latter  is  more  cleanly,  but  it  causes,  in  some  persons  at  least,  more  irritation 
of  the  skin.  A  piece  the  size  of  a  hazel-nut,  or  |  drm.,  is  to  be  rubbed  upon 
the  inner  surfaces  of  the  thighs,  and  the  next  day  the  same  quantity  is 
applied  to  the  inner  aspects  of  the  arms ;  on  the  third  day,  the  ointment  is 
rubbed  into  the  anterior  surface  of  the  chest ;  and  the  following  day,  the 
site  on  the  thighs  is  again  chosen,  and  the  same  round  gone  over,  unless 
symptoms  of  mercurialism  manifest  themselves.  The  quantity  may  be  in- 
creased gradually  to  2  drms.,  if  desired.  In  cases  where  quickness  of  effect 
is  not  so  important,  a  little  mercurial  ointment  can  be  spread  on  a  piece 
of  lint  and  applied  to  the  soles  of  the  feet,  the  stockings  and  shoes  being 
drawn  on  over  it.  In  this  way  the  exercise  of  walking  favours  the  absorp- 
tion. Where  it  is  desired  to  employ  inunction  in  infants,  it  is  sufficient  to 
smear  a  small  quantity  of  the  ointment  upon  the  inside  of  the  bandage 
which  goes  around  the  child's  waist,  applying  a  little  more  each  day,  with- 
out changing  the  belly-band,  until  the  desired  effect  has  been  produced. 
Another  method  of  promptly  effecting  the  desired  object  is  to  give  the 
patient  suppositories,  each  containing  5  or  10  grs.  of  mercurial  ointment, 
to  be  inserted,  every  six  hours,  into  the  rectum.  The  application  of  a 
mercurial  plaster,  Emplastrum  Hydrargyri  (B.P.)  to  the  surface  of  the  chest 
or  back  may  also  cause  systemic  effects.  Quinquand  of  Paris  used  a 
calomel  plaster  for  this  purpose  (consisting  of  20  oz.  of  calomel,  6  oz.  of 
castor-oil,  and  60  oz.  of  diachylon  or  lead  plaster).  Plasters,  4  in.  x  4  in., 
were  made  of  this,  and  one  applied  over  the  region  of  the  spleen,  and  left 
in  position  for  a  week ;  then  it  was  removed  and  the  spot  was  uncovered 
for  a  week,  when  it  was  washed  with  soap  and  hot  water,  and  a  second 
plaster  applied  and  kept  in  position  for  eight  days,  and  then  was  removed, 
as  the  former  one  was,  for  a  week.  This  alternation,  it  was  claimed,  could 
be  kept  up  without  causing  inflammation  of  the  skin  or  ptyalism,  while 
obtaining  the  desired  systemic  effect  upon  the  syphilitic  lesions.  It  is 
frequently  necessary  to  give  patients  of  this  character  tonics  in  conjunction 
with  inunction,  or  quinine  maybe  combined  with  the  constitutional  remedies. 

Soap  may  also  be  used  for  inunction,  as  a  substitute  for  the  ointment. 
Schuster  employs  the  following: — Hydrargyrum  purum,  33^  per  cent.; 
powdered  white  soap,  12|;  sebum  filtraturn,  18;  adeps,  36.  This  soap 
mixes  readily  with  water,  stains  the  skin  but  slightly,  and  is  easily  washed 
off.  Wattrasewsky's  method  is  to  use  a  calomel  soap,  made  by  triturating 
together  pure  Castile  soap  with  calomel  (25  per  cent.).  About  |  drm.  of 
this  mercurial  soap  is  rubbed  with  water  upon  a  selected  part  of  the  body, 
until  it  is  absorbed,  and  the  foam  disappears.  This  method  is  cleanly, 
rapid  in  execution,  and  is  said  to  be  efficient. 

Peroni's  method  is  to  combine,  with  a  chloroform  solution  of  gutta- 
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percha,  25  per  cent,  of  its  weight  of  calomel.  After  a  hot  bath,  a  certain 
amount  of  this  mixture  is  painted  upon  the  back  of  the  patient  and  allowed 
to  remain.  This  expedient  is  useful  where  the  stomach  will  not  tolerate 
antisyphilitic  remedies,  especially  in  children,  and  in  the  late  cutaneous 
manifestations. 

It  is  customary  to  order  blue  ointment  or  the  oleate  to  be  applied  with 
friction,  but  it  is  really  not  necessary  that  mercurials  should  be  rubbed  into 
the  skin,  as  the  mere  fact  of  spreading  them  on  the  surface  of  the  body  and 
leaving  them  in  contact  with  the  skin  is  sufficient  to  lead  to  salivation.  For 
therapeutic  purposes,  the  methods  above  referred  to  are  employed  to  intro- 
duce mercury  rapidly  into  the  system,  especially  where  it  is  desired  for  some 
reason  to  spare  the  stomach.  At  the  present  day,  severe  ptyalism  is  never 
intentionally  set  up,  gentle  "  touching  of  the  gums,"  or  slight  tenderness  of 
the  teeth,  is  considered  as  evidence  that  a  sufficient  impression  has  been 
made  upon  the  system,  and  this  may  be  maintained  for  six  or  eight  weeks. 
Coincident  with  this  mercurial  impression,  there  is  generally  observed  a 
remarkable  change  for  the  better  in  all  lesions  of  syphilis ;  gummata  and. 
nodes  are  absorbed,  ulcerating  surfaces  become  covered  with  healthier 
granulations,  inflammations  of  internal  organs,  such  as  iritis,  are  subdued, 
and  eruptions  upon  the  skin  disappear. 

The  most  satisfactory  method  of  treating  the  secondary  luetic  eruptions 
upon  the  skin  is  by  fumigation  with  calomel,  two  or  three  times  a  week, 
accompanied  by  the  administration  of  the  iodides  internally,  with  tonics 
whenever  necessary,  and  proper  attention  to  the  general  health. 

In  the  lesions  attending  the  tertiary  stage — gumma,  rupia,  and  the 
tuberculous  syphilides — the  treatment  by  inunction  is  preferable.  Especi- 
ally in  cases  of  cerebral  syphilis,  in  which  double  vision  and  optic  neuritis 
give  evidence  of  the  formation  of  a  gumma,  and  in  cases  of  iritis  (which 
appear  generally  in  the  second  stage),  where  it  is  desired  to  obtain  a 
mercurial  impression  upon  the  system  as  rapidly  as  possible,  inunction 
is  the  resource  most  generally  relied  upon. 

At  Aix-la-Chapelle,  the  celebrated  treatment,  or  "  Kur,"  is  accomplished 
by  inunction,  in  the  manner  already  described,  about  -|  drm.  of  ointment 
being  rubbed  upon  the  skin  for  about  twenty  or  thirty  minutes  at  a  time. 
When  symptoms  of  mercurialism  manifest  themselves,  the  daily  applica- 
tions are  suspended,  to  be  resumed  gradually  as  these  symptoms  subside. 
This  is  kept  up  for  a  month,  and  patients  are  then  permitted  to  return  to 
their  homes,  with  instructions  to  return  in  two  or  three  months  for  another 
course  to  complete  the  cure.  There  can  be  no  question  but  that  equally 
good  results  can  be  obtained  at  the  patients'  own  house  with  this  treat- 
ment, provided  proper  care  be  taken  as  regards  his  food,  exercise,  and 
general  health.  If  the  ointment  is  to  be  applied  by  a  member  of  the 
family  or  an  attendant,  instead  of  by  the  patient  himself,  the  hand  of  the 
person  administering  it  should  be  protected  by  a  bladder  or  a  rubber  glove, 
and  he  should  also  have  his  hands  thoroughly  cleaned  with  soap  after  each 
application,  or  he  may  be  accidentally  salivated. 

When  inunction  of  mercurial  ointment  is  practised,  it  is  held  by 
Welander  that  part  of  the  mercury  becomes  volatilised  by  the  moisture 
and  heat  of  the  skin.  This  observer,  indeed,  claims  that  the  results 
of  treating  syphilis  with  inunction  of  blue  ointment  are  chiefly  due  to 
inhalation  of  vapour  of  mercury,  and  not  to  the  amount  which  makes  its 
way  through  the  skin.  Neisser's  method,  based  upon  this  theory,  is  to 
apply  4  grms.  (1  drm.)  of  the  50  per  cent,  ointment  at  bedtime,  increasing 
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the  quantity  by  1  grm.  (15  grs.)  every  tenth  application.  Forty-two 
applications  usually  complete  the  course. 

Not  only  are  the  ointments  used  externally,  but  some  give  them  by 
the  mouth,  and  small  doses  of  calomel  may  be  administered  in  the  same 
way.  The  blue  ointment  of  either  rharmacopoeia  is  an  eligible  method  of 
administering  mercury  in  constitutional  syphilis.  Silberstein  prefers  the 
formula  of  the  German  Pharmacopoeia  (Unguentum  Lanolin  Hydrargyri 
Cinerei),  which  he  combines  with  liquorice  powder  in  the  proportion  of 
67'5  grs.  to  75  grs.,  and  the  mass  is  made  up  into  pills  with  five  drops  of 
glycerin,  and  enough  mucilage  to  make  a  mass  for  sixty  pills.  One  of  these 
pills  is  to  be  given  twice  daily  usually,  or  two  pills  may  be  given  excep- 
tionally at  a  dose.  Albert  Bernheim  prefers  a  combination  of  metallic 
mercury  (f  gr.),  lanolin  (f  gr.),  with  purified  ox-gall  (1  gr.),  coated  with 
keratin.  The  patient,  as  in  the  ordinary  mercurial  course,  should  use  his 
tooth-brush  after  each  meal,  and  should  have  his  teeth  and  gums  examined 
daily.  His  bowels  should  be  moved  daily ;  if  necessary,  a  tablespoonful  of 
castor-oil  may  be  given  occasionally.  It  is  claimed  that  these  pills  agree 
well  with  the  patient  and  do  not  disturb  the  stomach,  nor  do  they  cause 
purging  and  cramps. 

A  far  more  cleanly  and  convenient  method  of  making  a  mercurial 
impression  than  by  inunction  or  fumigation  is  by  hypodermic  injection.  For 
this  purpose,  mercuric  chloride,  metallic  mercury,  and  mercurous  chloride 
with  oil  (grey  oil)  are  most  frequently  used.  A  solution  of  1  gr.  of 
corrosive  sublimate  in  2  drms.  of  distilled  water,  is  used,  10  minims  of 
which  are  to  be  injected  into  the  tissues  of  the  back,  especially  the  gluteal 
regions,  once  daily,  for  fifty  days,  or  until  the  physiological  and  thera- 
peutical effects  of  the  remedy  are  manifested.  This  method  is  especially 
serviceable  in  preventing  relapses,  and  apparently  yields  the  best  results 
with  the  use  of  the  minimum  quantity  of  the  drug.  Several  cases  in 
which  a  simple  solution  of  perchloride,  ^  gr.  in  5  minims  of  water,  was  in- 
jected daily  with  excellent  results  have  been  reported  by  Hale  White.  The 
injection  may,  however,  cause  pain,  and  if  given  too  superficially  may  give 
rise  to  sloughing  of  the  skin  and  inflammation,  but  when  the  needle  has 
been  rendered  aseptic  and  is  properly  inserted,  the  author  has  never  seen 
abscess  follow  the  hypodermic  injection  of  the  mercuric  chloride.  As  soon 
as  the  slightest  mercurial  impression  is  observed,  the  dose  should  be  reduced 
to  the  smallest  amount  (say  ^  to  |  of  the  quantity  first  employed),  and 
this  repeated  every  day  or  two  until  all  evidence  of  syphilis  disappears. 
Instead  of  giving  daily  injections  of  small  doses,  it  is  better,  in  some  old 
cases  of  syphilis,  in  emaciated,  broken-down  subjects,  to  give  as  much  as 
£  gr.  dissolved  in  20  minims  of  water,  injected  deeply  into  the  gluteal 
muscles,  twice  or  three  times  a  week. 

Professor  Ausspitz  employed  the  following  formula  for  parenchy- 
matous  injection: — Mercuric  chloride,  15  grs.;  sodium  chloride,  30  grs.; 
distilled  water,  3  oz.  Of  this,  from  10  to  20  minims  is  injected  every 
second  day.  About  twenty  or  thirty  injections  are  generally  sufficient, 
and  constitute  what  is  called  a  mercurial  course.  The  intravenous  in- 
jection of  mercuric  chloride  has  been  practised  in  a  case  of  cerebral 
syphilis  by  Bacelli,  who  reported  excellent  results  from  yi^  gr.,  gradu- 
ally increased  to  ¥*T  gr.,  injected  once  daily  in  the  veins  of  the  arm. 
Druault  prefers  the  cyanide  of  mercury  for  intravenous  injection,  and 
employs  a  solution  (10  per  cent.)  made  with  distilled  water.  One 
c.c.  (15  minims)  of  this  is  injected  into  a  vein  at  the  bend  of  the 
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elbow,  after  a  rubber  tube  has  been  tied  around  the  arm  above.  The 
needle  is  first  inserted  into  the  vein  and  then  unscrewed,  to  note  by  the 
flow  of  blood  that  it  is  in  the  vessel.  The  injection  is  then  made.  Neither 
thrombosis  nor  embolism  have  been  observed  to  follow.  It  has  been 
suggested  by  Liebig  to  substitute  for  the  bichloride  the  formamidate  of 
mercury,  which  is  neutral  in  reaction,  readily  combines  with  water,  does 
not  coagulate  albumin,  and  is  not  precipitated  by  alkalies.  The  preferred 
method  of  making  this  formamidate  is  as  follows : — Mercuric  oxide  (freshly 
precipitated,  and  completely  washed),  10  to  13  grms. ;  formamide  (resulting 
from  the  action  of  ammonia  on  ethyl-formate),  16  grms.  The  mercuric  oxide 
is  placed  with  a  little  water  in  a  porcelain  capsule  and  gently  heated ;  the 
formamide  is  then  gradually  added.  As  soon  as  solution  has  taken  place, 
the  resulting  colourless  preparation  is  filtered  into  a  litre  flask,  and  enough 
distilled  water  added  to  fill  up  the  measure  to  1  litre.  Each  cubic  centimetre 
(15  minims)  represents  1  cgrm.  of  mercury  (^  gr.),  which  is  the  ordinary 
dose  for  hypodermic  use ;  the  remedy  being  injected  deeply  into  the 
tissues  of  the  back.  The  solution  should  be  kept  in  brown-coloured  bottles. 
The  indications  for  its  use  have  been  formulated  by  Kopp,  as  the  result  of 
observation  from  3000  injections : — "Liebreich's  preparation  is  decidedly 
useful  in  certain  of  the  milder  forms  of  primary  syphilis,  and  also  for  slight 
secondaries.  The  formamidate  shoiild  not  be  employed  in  severe  cases, 
where  there  are  large  papules  or  thick  infiltrations ;  inunction  is  still  the 
best  method  of  treating  these  cases.  The  tertiary  forms  are  likewise 
not  to  be  treated  by  the  formamidate.  Eelapses  are  by  no  means  pre- 
vented by  Liebreich's  method ;  on  the  contrary,  they  appear  to  be  extra- 
ordinarily common  after  this  treatment."  The  conclusion  of  the  author, 
after  careful  study  of  a  number  of  cases,  agrees  very  closely  with  tbat  of 
Kopp,  that  the  formamidate  injections,  although  well  tolerated,  are  less 
reliable  than  the  bichloride  injections. 

Touren  found  injections  of  mercury  prepared  by  his  formula  not  only 
painless,  but  also  to  produce  better  results  than  those  obtainable  from 
other  salts  of  mercury.  The  formula  is — Purified  mercury,  20  grms. ; 
lanolin,  5  grms. ;  vaselin,  35  grms.  Injections  of  a  Pravaz  syringe  of  this 
preparation  are  to  be  made  deep  into  the  tissues  of  the  back,  once  in 
fifteen  or  twenty  days.  By  the  intramuscular  method,  the  patient 
certainly  gets  his  mercury,  and  the  digestion  tract  is  spared,  which 
is  an  important  consideration  in  warm  climates,  where  there  is  a  tendency 
to  dysentery. 

The  fact  cannot  be  questioned,  that  at  the  present  day  syphilis  is 
becoming  milder  in  its  form  than  in  former  times,  and  is  more  amenable 
to  treatment.  This  is  partly  due  to  the  fact  that  patients  are  in  better 
physical  condition,  and  their  surroundings  are  cleaner  and  more  hygienic  ; 
but,  making  due  allowance  for  this,  it  is  a  matter  of  daily  demonstration, 
that  we  have  learned  how  to  treat  syphilis  more  successfully  than  before 
the  introduction  of  mercurials  into  its  therapeutics.  The  method  of  the 
author  is  to  employ  mercury  internally  and  locally  in  the  primary 
manifestations  ;  the  iodides  of  potassium,  sodium,  or  iron  in  the  secondary 
stage;  and,  in  the  third  stage,  the  mixed  treatment,  continuing  the 
mercury  in  tonic  or  moderate  doses,  and  increasing  the  iodide  of  potassium 
up  to  the  point  of  tolerance,  or  until  the  desired  effect  is  obtained.  For 
the  skin  lesions,  the  black  wash  or  calomel  powder  is  used  on  the  primary 
sore  and  venereal  ulcers,  and  mercurial  fumigations  or  hypodermic 
injections  of  mercuric  chloride  in  the  secondary  stage,  in  conjunction 
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the  quantity  by  1  grm.  (15  grs.)  every  tenth  application.  Forty-two 
applications  usually  complete  the  course. 

Not  only  are  the  ointments  used  externally,  but  some  give  them  by 
the  mouth,  and  small  doses  of  calomel  may  be  administered  in  the  same 
way.  The  blue  ointment  of  either  Pharmacopoeia  is  an  eligible  method  of 
administering  mercury  in  constitutional  syphilis.  Silberstein  prefers  the 
formula  of  the  German  Pharmacopoeia  (Unguentum  Lanolin  Hydrargyri 
Cinerei),  which  he  combines  with  liquorice  powder  in  the  proportion  of 
67'5  grs.  to  75  grs.,  and  the  mass  is  made  up  into  pills  with  five  drops  of 
glycerin,  and  enough  mucilage  to  make  a  mass  for  sixty  pills.  One  of  these 
pills  is  to  be  given  twice  daily  usually,  or  two  pills  may  be  given  excep- 
tionally at  a  dose.  Albert  Bernheim  prefers  a  combination  of  metallic 
mercury  (f  gr.),  lanolin  (f  gr.),  with  purified  ox-gall  (1  gr.),  coated  with 
keratin.  The  patient,  as  in  the  ordinary  mercurial  course,  should  use  his 
tooth-brush  after  each  meal,  and  should  have  his  teeth  and  gums  examined 
daily.  His  bowels  should  be  moved  daily ;  if  necessary,  a  tablespoonful  of 
castor-oil  may  be  given  occasionally.  It  is  claimed  that  these  pills  agree 
well  with  the  patient  and  do  not  disturb  the  stomach,  nor  do  they  cause 
purging  and  cramps. 

A  far  more  cleanly  and  convenient  method  of  making  a  mercurial 
impression  than  by  inunction  or  fumigation  is  by  hypodermic  injection.  For 
this  purpose,  mercuric  chloride,  metallic  mercury,  and  mercurous  chloride 
with  oil  (grey  oil)  are  most  frequently  used.  A  solution  of  1  gr.  of 
corrosive  sublimate  in  2  drms.  of  distilled  water,  is  used,  10  minims  of 
which  are  to  be  injected  into  the  tissues  of  the  back,  especially  the  gluteal 
regions,  once  daily,  for  fifty  days,  or  until  the  physiological  and  thera- 
peutical effects  of  the  remedy  are  manifested.  This  method  is  especially 
serviceable  in  preventing  relapses,  and  apparently  yields  the  best  results 
with  the  use  of  the  minimum  quantity  of  the  drug.  Several  cases  in 
which  a  simple  solution  of  perchloride,  ^  gr.  in  5  minims  of  water,  was  in- 
jected daily  with  excellent  results  have  been  reported  by  Hale  White.  The 
injection  may,  however,  cause  pain,  and  if  given  too  superficially  may  give 
rise  to  sloughing  of  the  skin  and  inflammation,  but  when  the  needle  has 
been  rendered  aseptic  and  is  properly  inserted,  the  author  has  never  seen 
abscess  follow  the  hypodermic  injection  of  the  mercuric  chloride.  As  soon 
as  the  slightest  mercurial  impression  is  observed,  the  dose  should  be  reduced 
to  the  smallest  amount  (say  \  to  ^  of  the  quantity  first  employed),  and 
this  repeated  every  day  or  two  until  all  evidence  of  syphilis  disappears. 
Instead  of  giving  daily  injections  of  small  doses,  it  is  better,  in  some  old 
cases  of  syphilis,  in  emaciated,  broken-down  subjects,  to  give  as  much  as 
£  gr.  dissolved  in  20  minims  of  water,  injected  deeply  into  the  gluteal 
muscles,  twice  or  three  times  a  week. 

Professor  Ausspitz  employed  the  following  formula  for  parenchy- 
matous  injection: — Mercuric  chloride,  15  grs.;  sodium  chloride,  30  grs.; 
distilled  water,  3  oz.  Of  this,  from  10  to  20  minims  is  injected  every 
second  day.  About  twenty  or  thirty  injections  are  generally  sufficient, 
and  constitute  what  is  called  a  mercurial  course.  The  intravenous  in- 
jection of  mercuric  chloride  has  been  practised  in  a  case  of  cerebral 
syphilis  by  Bacelli,  who  reported  excellent  results  from  yi^r  gr.,  gradu- 
ally increased  to  ^T  gr.,  injected  once  daily  in  the  veins  of  the  arm. 
Druault  prefers  the  cyanide  of  mercury  for  intravenous  injection,  and 
employs  a  solution  (10  per  cent.)  made  with  distilled  water.  One 
c.c.  (15  minims)  of  this  is  injected  into  a  vein  at  the  bend  of  the 
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elbow,  after  a  rubber  tube  has  been  tied  around  the  arm  above.  The 
needle  is  first  inserted  into  the  vein  and  then  unscrewed,  to  note  by  the 
flow  of  blood  that  it  is  in  the  vessel.  The  injection  is  then  made.  Neither 
thrombosis  nor  embolism  have  been  observed  to  follow.  It  has  been 
suggested  by  Liebig  to  substitute  for  the  bichloride  the  formamidate  of 
mercury,  which  is  neutral  in  reaction,  readily  combines  with  water,  does 
not  coagulate  albumin,  and  is  not  precipitated  by  alkalies.  The  preferred 
method  of  making  this  formamidate  is  as  follows : — Mercuric  oxide  (freshly 
precipitated,  and  completely  washed),  10  to  13  grms. ;  formamide  (resulting 
from  the  action  of  ammonia  on  ethyl-formate),  16  grms.  The  mercuric  oxide 
is  placed  with  a  little  water  in  a  porcelain  capsule  and  gently  heated  ;  the 
formamide  is  then  gradually  added.  As  soon  as  solution  has  taken  place, 
the  resulting  colourless  preparation  is  filtered  into  a  litre  flask,  and  enough 
distilled  water  added  to  fill  up  the  measure  to  1  litre.  Each  cubic  centimetre 
(15  minims)  represents  1  cgrm;  of  mercury  (^  gr.),  which  is  the  ordinary 
dose  for  hypodermic  use;  the  remedy  being  injected  deeply  into  the 
tissues  of  the  back.  The  solution  should  be  kept  in  brown-coloured  bottles. 
The  indications  for  its  use  have  been  formulated  by  Kopp,  as  the  result  of 
observation  from  3000  injections: — "Liebreich's  preparation  is  decidedly 
useful  in  certain  of  the  milder  forms  of  primary  syphilis,  and  also  for  slight 
secondaries.  The  formamidate  should  not  be  employed  in  severe  cases, 
where  there  are  large  papules  or  thick  infiltrations ;  inunction  is  still  the 
best  method  of  treating  these  cases.  The  tertiary  forms  are  likewise 
not  to  be  treated  by  the  formamidate.  Eelapses  are  by  no  means  pre- 
vented by  Liebreich's  method ;  on  the  contrary,  they  appear  to  be  extra- 
ordinarily common  after  this  treatment."  The  conclusion  of  the  author, 
after  careful  study  of  a  number  of  cases,  agrees  very  closely  with  that  of 
Kopp,  that  the  formamidate  injections,  although  well  tolerated,  are  less 
reliable  than  the  bichloride  injections. 

Touren  found  injections  of  mercury  prepared  by  his  formula  not  only 
painless,  but  also  to  produce  better  results  than  those  obtainable  from 
other  salts  of  mercury.  The  formula  is — Purified  mercury,  20  grms. ; 
lanolin,  5  grms. ;  vaselin,  35  grms.  Injections  of  a  Pravaz  syringe  of  this 
preparation  are  to  be  made  deep  into  the  tissues  of  the  back,  once  in 
fifteen  or  twenty  days.  By  the  intramuscular  method,  the  patient 
certainly  gets  his  mercury,  and  the  digestion  tract  is  spared,  which 
is  an  important  consideration  in  warm  climates,  where  there  is  a  tendency 
to  dysentery. 

The  fact  cannot  be  questioned,  that  at  the  present  day  syphilis  is 
becoming  milder  in  its  form  than  in  former  times,  and  is  more  amenable 
to  treatment.  This  is  partly  due  to  the  fact  that  patients  are  in  better 
physical  condition,  and  their  surroundings  are  cleaner  and  more  hygienic  ; 
but,  making  due  allowance  for  this,  it  is  a  matter  of  daily  demonstration, 
that  we  have  learned  how  to  treat  syphilis  more  successfully  than  before 
the  introduction  of  mercurials  into  its  therapeutics.  The  method  of  the 
author  is  to  employ  mercury  internally  and  locally  in  the  primary 
manifestations ;  the  iodides  of  potassium,  sodium,  or  iron  in  the  secondary 
stage ;  and,  in  the  third  stage,  the  mixed  treatment,  continuing  the 
mercury  in  tonic  or  moderate  doses,  and  increasing  the  iodide  of  potassium 
up  to  the  point  of  tolerance,  or  until  the  desired  effect  is  obtained.  For 
the  skin  lesions,  the  black  wash  or  calomel  powder  is  used  on  the  primary 
sore  and  venereal  ulcers,  and  mercurial  fumigations  or  hypodermic 
injections  of  mercuric  chloride  in  the  secondary  stage,  in  conjunction 
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with  the  iodides,  wherever  such  a  combination  is   advantageous  to  the 
patient. 

Syphilitic  affections  of  the  large  articulations  are  very  amenable  to  the 
so-called  specific  treatment  by  mercury  and  iodine,  both  internal  and 
local  medication  being  required.  In  syphilis  of  the  nervous  system 
also,  the  promptly  curative  effects  of  the  mixed  treatment  is  a  matter 
of  daily  observation ;  but  in  lesions  of  the  brain  and  spinal  cord  which 
appear  as  complications  of  syphilis — the  so-called  para-  and  meta-syphilitic 
lesions— neither  iodine  nor  mercury  is  curative.  In  this  class  of  treatment 
short  periods  of  mixed  treatment  should  be  separated  by  longer  periods, 
during  which  time  alteratives,  tonics,  and  hygienic  management  should 
be  substituted,  with  galvanism,  massage,  and  hydropathic  treatment, 
according  to  the  nature  of  the  case.  It  is  a  too  common  fault  to  assume 
that  every  form  of  chronic  affection  appearing  in  a  patient  who  has  many 
years  before  been  infected  with  syphilis,  must  necessarily  be  itself  a 
syphilitic  manifestation,  and  in  consequence  yield  to  specific  treatment. 
Just  as  a  syphilitic  patient  may  have  an  attack  of  non-specific  psoriasis, 
so  may  such  a  person  suffer  with  tabes  dorsalis,  or  locomotor  ataxia, 
brain  tumour,  meningitis,  neuritis,  and  many  other  lesions  which  have  not 
been  caused  by  syphilis  and  are  not  curable  by  antisyphilitic  treatment. 
Just  as  surely  as  it  is  true  that  syphilis  will  not  protect  the  patient  from 
other  diseases  to  which  he  may  be  liable,  just  so  surely  is  it  true  that  when 
such  diseases  do  occur  in  a  patient  having  a  syphilitic  history,  they  are 
not  syphilitic  manifestations,  and  do  not  call  for  a  mercurial  course  or 
large  doses  of  iodides. 

In  doubtful  cases,  it  is  sometimes  the  custom  of  clinical  teachers 
to  place  the  patient  temporarily  upon  antisyphilitic  treatment,  and  if  he 
shows  rapid  improvement  under  it,  the  conclusion  is  drawn  that  there 
must  necessarily  be  in  the  case  a  syphilitic  taint,  inherited  or  acquired, 
regardless  of  the  fact  that  this  may  be  doing  gross  injustice  to  the  patient 
and  his  family.  In  illustration,  psoriasis  may  be  again  mentioned  as  a 
disease  which,  although  not  syphilitic,  is  curable  by  mercury  and  iodide 
of  potassium.  In  fact  the  therapeutic  value  of  mercury  is  not  limited  to 
a  single  disease,  but  it  has  remarkably  beneficial  action  in  many  patho- 
logical states,  only  a  few  of  which  can  be  discussed  here. 

The  writer  has  thought  it  well  to  make  this  comment  upon  one  of  the 
errors  of  the  day,  in  order  .to  direct  attention  to  a  fallacy  attending  what 
is  called  the  therapeutic  diagnosis. 

G-astro-intestinal  disorders. — Mercurials  have  been  largely  employed  for 
the  treatment  of  gastric  disorders,  especially  the  condition  of  the  loss  of 
appetite,  headache,  constipation,  general  malaise,  accompanied  by  some  dis- 
coloration of  the  sclerotic  coat  of  the  eyes,  a  coated  tongue,  foul  breath — 
popularly  known  as  "  biliousness."  In  this  condition  there  is  abundant  proof 
that  mercury,  in  some  form,  followed  by  a  purgative  dose  of  saline  cathartic, 
is  able  to  afford  very  prompt  relief.  The  popular  explanation  of  the  action 
of  the  remedy,  that  it  acts  upon  the  liver  and  causes  an  outflow  of  bile, 
is  not  accepted,  in  face  of  the  experiment  of  Rutherford,  which  proves  that 
calomel  does  not  increase  the  quantity  of  bile  excreted.  It  is  possible, 
however,  that  a  minute  proportion  of  the  mercurial,  after  being  subjected 
to  the  process  of  digestion  and  absorption,  may  be  converted  into  the 
bichloride  and  exert  a  true  cholagogue  effect.  The  principal  action,  how- 
ever, is  exercised  partly  upon  the  glandular  system  of  the  stomach  and 
intestines,  and  partly  upon  the  bacteria  of  the  alimentary  canal,  which 
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are  destroyed  by  the  antiseptic  properties  of  the  mercurial,  and  are  cast  off 
by  the  purgative.  The  old-time  method  was  to  give  an  adult  two  or  three 
blue  pills  (each  3  grs.),  or  10  grs.  of  calomel,  at  night,  followed  by  a  dose  of 
black  draught  or  Epsom  salts,  in  the  morning.  At  the  present  day  it  is 
customary  to  give  fractional  doses  of  j  gr.  or  T^  gr.  calomel,  combined  with 
2  grs.  bicarbonate  of  sodium,  every  hour  until  four  or  five  doses  are  swallowed, 
with  a  dose  of  bitter  water  or  Rochelle  salt  the  next  morning,  which 
appears  to  accomplish  the  object  quite  as  well.  Where  a  more  purgative 
effect  is  desired,  as  in  cases  of  chronic  constipation,  a  grain  each  of  calomel 
and  of  resin  of  podophyllum  may  be  divided  into  six  pills,  and  one  given 
every  hour  during  the  evening.  The  action  may  be  aided  by  a  seidlitz 
powder,  or  glass  of  Friedrichshall  or  Hunyadi  water,  in  the  morning.  Calomel 
being  tasteless,  and  easily  administered  to  children,  has  no  doubt  been  much 
abused,  and  employed  where  a  simple  saline  would  have  moved  the  bowels 
equally  well.  In  some  eruptions  upon  the  skin,  as  eczema  of  the  face  and 
scalp,  much  assistance  is  rendered  to  the  local  treatment  by  the  administra- 
tion of  small  doses  of  calomel  and  sodium  bicarbonate  once  or  twice  weekly. 
The  tablets  containing  TV  gr.  with  sodium  bicarbonate  are  very  convenient 
and  are  largely  used  in  this  manner.  If  the  patient  be  anaemic,  a  combination 
with  iron  would  be  useful : — Calomel,  TV  gr. ;  saccharated  iron  carbonate, 
2  grs.;  make  into  a  tablet,  one  to  be  given  in  milk  twice  a  day.  Infantile 
constipation,  with  stools  deficient  in  colour,  may  be  treated  with  small 
doses  of  mercury  with  chalk,  which  may  be  made  extemporaneously,  as  in 
the  following : — Hydrargyri  bichloridi,  ^  gr. ;  olei  ricini,  £  oz. ;  mistura 
cretse  q.s.  ad  2  oz. ;  to  be  well  shaken,  and  one-half  to  a  full  teaspoonful 
to  be  given  from  one  to  three  times  daily,  according  to  the  age  of  the 
child.  Some  attach  much  importance  to  the  use  of  mercurials  in  various 
gastro-intestinal  affections,  in  which  it  is  claimed  they  act  as  gastro- 
intestinal disinfectants  (see  p.  469).  Hence  they  are  used  in  various 
conditions,  accompanied  by  diarrhoea ;  and  by  some  grey  powder  is  given 
regularly  in  the  early  stages  of  typhoid  fever. 

Meningitis. — Among  the  acute  affections  in  which  mercury  is  employed 
with  signal  advantage  are  epidemic  cerebro-spinal  meningitis  and  diph- 
theria. In  the  treatment  of  the  former  there  are  two  measures  which  stand 
pre-eminently  in  the  foreground,  the  icebag  and  mercurials.  The  pro- 
longed application  of  the  ice  poultice  to  the  back  of  the  neck  and  along 
the  spine  produces  a  marked  antiphlogistic  effect,  lowering  the  temperature, 
lessening  the  pain,  allaying  restlessness,  and  favouring  sleep.  The  French 
treatment  by  the  internal  administration  of  calomel,  or  by  mercurial 
inunction,  is  regarded  as  playing  an  important  part  in  the  therapy  of 
epidemic  meningitis.  Bela  Angyan,  in  a  recent  paper,  states  that  he 
confines  his  treatment  to  the  use  of  the  icebag  and  the  subcutaneous 
administration  of  bichloride  of  mercury.  Injections  of  1  cgrin.  in  adults, 
and  from  |  mgrm.  to  5  ingrms.  in  children,  are  made  daily  along  the 
course  of  the  spinal  column.  He  noted  the  following  results: — (1)  In 
most  cases,  after  the  second  or  third  injection,  the  mind  became  clearer, 
the  excitability  was  allayed,  the  headache  was  less  marked,  and  the 
patient  could  sleep.  (2)  After  five  or  six  injections,  clear  cerebration 
usually  reappeared,  and  sleep  became  quieter  and  was  of  longer  duration. 
(3)  After  seven,  eight,  or  nine  injections,  the  retraction  of  the  head  was 
less  marked  and  gradually  disappeared ;  the  fever  diminished,  and  finally 
subsided.  (4)  The  sublimate  injections  seemed  neither  to  lengthen  nor  to 
shorten  the  progress  of  the  disease.  (5)  The  sublimate  seemed,  after  em- 
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ployment  for  several  days,  to  check  the  formation  of  products  of  inflam- 
mation. In  confirmation  of  this  are  those  cases  seen  at  autopsy,  in  which 
a  small  amount  only  of  inflammatory  product  could  be  demonstrated ;  and 
even  this  was  more  often  fibrinous  than  purulent  in  character.  Angyan 
reported  a  mortality  of  less  than  30  per  cent,  from  this  treatment,  which 
appears  to  be  based  upon  rational  grounds,  and  is  worthy  of  further  trial. 
Many  physicians  make  it  a  uniform  practice  to  treat  all  children  with 
meningitis  with  grey  powder,  quite  irrespective  of  the  cause  of  the 
meningitis. 

Diphtheria. — In  diphtheria,  the  bactericidal  powers  of  the  mercurial 
preparations  have  been  utilised  in  various  ways  by  many  clinical  observers, 
but  have  become  of  little  importance  since  the  discovery  of  diphtheria 
antitoxine.  For  local  application,  Laplace's  tartaric  acid  sublimate  tablets 
may  be  employed  to  form  a  solution  of  1  in  500,  with  which  the  throat  and 
nose  may  be  sprayed  at  short  intervals,  preceded  by  the  thorough  spraying 
with  peroxide  of  hydrogen,  diluted  with  an  equal  quantity  of  some  alkaline 
water,  such  as  Dobell's  solution,  and  also  accompanied  by  the  inhalation 
of  air  saturated  with  steam  from  slaking  lime.  The  supposed  value  of 
calomel,  in  limiting  the  exudation,  has  led  to  its  employment  directly  upon 
the  membrane.  In  diphtheria,  calomel  may  be  blown  into  the  throat,  or 
given  floating  in  water,  so  that,  in  passing  through  the  throat,  part  of  the 
powder  adheres  to  the  soft  palate,  faucial  folds,  and  tonsils.  Jacobi  advised 
£  gr.  or  \  gr.  of  calomel,  combined  with  -£$  gr.  of  tartar  emetic,  or  \  gr.  to 
•J  gr.  of  antimonium  sulphuratum  (Kermes  mineral),  given  every  half-hour, 
until  a  constitutional  effect  is  produced,  in  cases  of  fibrinous  tracheo- 
bronchitis  and  diphtheria. 

Daly  of  Pittsburg,  Pa.,  strongly  endorsed  a  method  of  using  calomel 
which  he  had  first  seen  used  with  success  by  Dr.  Reiter  of  that  place,  in 
which  from  2  to  5  grs.,  according  to  urgency,  are  given  every  hour,  two, 
or  three  hours,  to  young  children,  "  until  the  discharge  from  the  bowels 
appears  as  colourless  serum,  with  a  little  greenish  mucus  or  bile  upon  the 
surface,  resembling  chopped  spinach."  The  interval  is  then  lengthened, 
but  the  dose  is  continued,  until  the  membrane  is  thrown  off  from  the 
throat.  By  the  use  of  solution  of  potassium  chlorate  for  a  mouth-wash 
and  gargle,  ptyalisin  is  prevented.  Dr.  Daly  has  directed  attention  to  an 
instance  of  the  successful  employment  of  calomel  in  these  large  doses  for 
diphtheria,  in  a  case  mentioned  in  one  of  his  letters  by  Sidney  Smith,  who 
spoke  in  the  highest  terms  of  its  utility. 

The  corrosive  sublimate  treatment  of  diphtheria  also  has  its  advocates. 
To  a  young  infant,  from  TV  to  ^  gr.  may  be  given,  twelve  times  in  twenty- 
four  hours,  and  then,  as  the  severity  of  the  symptoms  is  mitigated,  the 
size  of  the  dose  may  be  gradually  diminished.  The  bichloride  may  be  com- 
bined with  peptone,  as  in  the  chloride  of  mercuric  glutino-peptone,  which 
contains  25  per  cent,  of  bichloride,  and  is  in  the  form  of  a  hygroscopic  white 
powder.  Its  watery  solution  is  not  precipitated  by  free  alkalies,  or  by 
combined  alkalies,  nor  by  the  blood  or  by  albuminous  solutions.  If  kept 
dry,  and  protected  from  the  light,  it  may  be  kept  indefinitely  without 
change.  It  is  suitable  for  hypodermic  and  parenchymatous  injections ; 
it  is  said  to  give  very  little  pain  or  irritation,  and  its  action  is  prompt. 

In  laryngeal  diphtheria,  or  croup,  where  suffocation  is  imminent,  the 
administration  to  a  child  of  2  to  5  grs.  of  the  yellow  subsulphate  of 
mercury  will  produce  prompt  emesis,  and  often  give  immediate  relief  by 
the  expulsion  of  the  membranes  from  the  larynx. 
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Tuberculous  peritonitis. — Blue  ointment  or  a  weak  ointment  of  the 
oleate  of  mercury  are  often  spread  upon  a  flannel  binder  which  is  fastened 
round  the  abdomen  of  children  suffering  from  tuberculous  peritonitis,  and 
frequently  good  seems  to  result. 

MERCURIC  OLEATE,  Hydrargyri  Oleas(B.P.),  is  "  a  substance  of  unctuous 
consistence,  having  a  light  greyish  yellow  colour,  liable  to  darken  by 
keeping.  It  has  a  somewhat  saponaceous  odour."  It  is  precipitated 
mercuric  oleate,  formed  by  the  interaction  of  mercuric  chloride  and  sodium 
oleate.  It  is  employed  with  a  fatty  vehicle,  such  as  lanolin,  paraffin,  or 
simple  ointment,  in  various  proportions  from  5  to  20  per  cent.  The 
mercuric  oleate  ointment  of  the  British  Pharmacopoaia  consists  of  1  part 
of  mercuric  oleate  and  3  parts  of  benzoinated  lard.  In  this  form  it  is 
light  in  colour,  and  forms  an  acceptable  substitute  for  the  old  mercurial 
ointment,  but  is  rather  more  irritating  to  the  skin.  It  is  parasiticidal,  and 
has  a  special  alterative  and  stimulating  action  upon  the  glandular 
apparatus  of  the  skin.  In  old  eczema,  particularly  after  softening  and 
removal  of  the  thickened  epidermis  by  means  of  applications  of  papain, 
salicylic  acid,  or  green  soap,  this  remedy  is  especially  valuable,  also  in 
papular  lesions,  especially  if  of  syphilitic  origin.  In  sycosis  and  in  other 
pustulodermata,  the  mercuric  oleate  is  efficient,  as  it  is  also  for  pediculi  of 
the  scalp,  where  picrotoxin  (1  gr.  to  1  oz.)  may  be  combined  with  it 
to  aid  in  destroying  the  vitality  of  the  ova. 

Alopecia  circumscripta  is  generally  curable  in  recent  cases  by  a 
combination  of  cod-liver  oil  and  tonic  treatment  internally,  with  the  local 
use  of  something  like  the  following :— Oil  of  eucalyptus  and  carbolic  acid, 
20  minims  of  each,  and  oleate  of  mercury  ointment  (10  per.  cent.);  a 
small  piece  of  the  ointment  to  be  rubbed  into  the  scalp  twice  a  day. 
Many  forms  of  skin  disease,  having  an  obscure  scrofulous  or  syphilitic 
origin,  may  be  benefited  by  the  judicious  use  of  mercurials,  and  in  none  is 
this  more  evident  than  in  the  eruptions  which  disfigure  the  face  and  spoil 
the  temper  of  so  many  infants. 

AMMONIATED  MERCURY  (B.P.  and  U.S.P.)  (Hydrargyrum  Ammoniatum, 
or  white  precipitate). — "  It  is  a  white  powder,  on  which  water  lias  but  little 
action,  and  alcohol  (90  per  cent.)  or  ether  no  action."  The  Unguentum 
Hydrargyri  Ammoniati  (B.P.  and  U.S.P. ),  or  ammoniated  mercury  oint- 
ment, contains  10  per  cent,  of  white  precipitate  with  white  paraffin 
ointment.  It  is  too  strong  for  ordinary  medicinal  purposes  (48  grs.  in 
each  oz.),  and  should  be  reduced  to  a  strength  of  from  5  to  20  grs.  to  the 
oz.  It  possesses  the  same  properties  as  the  blue  ointment,  but  is  more 
stimulant  and  discutient.  In  ringworm  of  the  body  or  of  the  scalp,  in 
patches  of  chronic  eczema  or  psoriasis,  it  is  very  efficient,  but  it  should  not 
be  used  too  freely,  as,  like  the  preceding  preparations,  it  may  possibly 
cause  ptyalism,  and  will  probably  excite  dermatitis.  As  it  does  not  dis- 
colour the  skin,  it  is  especially  applicable  to  psoriasis,  and  syphilitic  scaly 
affections  of  the  face  and  scalp.  A  very  dilute  form,  3  to  5  grs.  to  the 
oz.,  has  been  employed  in  chronic  atrophic  rhinitis  and  in  eczema  of  the 
nares.  Where  there  is  much  infiltration,  especially  in  secondary  syphilitic 
lesions  of  the  skin,  the  addition  of  some  stimulating  oil  is  desirable  to 
increase  the  local  effect.  Thus — Unguentum  Hydrargyri  Ammoniati,  2 
drms. ;  Olei  Anthemidis,  1  drm. ;  Unguentum  Paraffini  q.s.  ad  2  oz. 
In  lupus  vulgaris,  the  objects  of  treatment  are  to  destroy  the  neoplastic 
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cells,  to  promote  cicatrisation,  and  to  build  up  the  general  health.  The 
application  of  pure  carholic  acid  to  the  patches,  twice  weekly,  will 
accomplish  the  first  indication;  the  third  is  met  by  tonics,  especially 
arsenic ;  while  the  second  is  accomplished  by  the  following  application : — 
Acidum  Carbolicum,  20  minims ;  Hydrargyrum  Amnioniatum,  20  grs. ; 
Ungiientum  Zinci,  1  oz. — M.  To  be  applied  constantly  between  the  appli- 
cations of  the  phenol.  Instead  of  carbolic  acid,  Sheild  employed  pure  acid 
nitrate  of  mercury,  preceded  by  cocaine  anesthesia.  This  treatment  suc- 
ceeded after  curettement  had  failed. 

HYDRARGYRI  OXIDI  FLAVUM  (B.P.  and  U.S. P.)  and  HYDRARGYRI  OXIDI 
EUBRUM  (B.P.  and  U.S.P.). — Two  ointments  of  the  mercuric  oxides  are 
official,  the  red  and  the  yellow  mercuric  oxide  ointment.  Unguentum 
Hydrargyri  Oxidi  Eubri  (B.P.),  or  red  precipitate  ointment,  contains  10 
per  cent.,  with  yellow  paraffin  ointment  as  a  base.  That  of  the  U.S.P.  is 
the  same  strength,  but  contains  5  per  cent,  of  castor-oil,  and  lard  and 
yellow  wax  as  a  basis.  The  Unguentum  Hydrargyri  Oxidi  Flava  (B.P.)  is 
made  up  with  soft  yellow  paraffin,  and  only  contains  10  grs.  to  1  oz.,  or 
about  2  per  cent.  That  of  the  U.S.P.  contains  10  per  cent.,  and  has  a  base 
of  lard  and  yellow  wax. 

The  red  precipitate  ointment  has  an  established  reputation  as  a 
resolvent,  to  be  applied  by  inunction  over  syphilitic  nodes,  enlarged 
glands,  splenic  hypertrophy,  and  goitre.  The  application  is  repeated  daily, 
until  the  skin  becomes  too  tender  for  further  treatment.  This  ointment 
is  a  valuable  stimulant  to  sluggish  granulating  surfaces,  especially  of 
syphilitic  ulcers,  and  also  to  patches  of  chronic  eczema.  Venereal  sores 
may  be  dressed  with  an  ointment  of  10  grs.  to  1  oz.  The  yellow  oxide 
is  more  frequently  employed  at  present,  because  of  its  being  in  the  form  of 
an  impalpable  powder.  It  is  to  be  noticed  that,  in  the  British  Pharma- 
copoeia, its  ointment  is  only  one-fourth  the  strength  of  that  of  the  red 
oxide,  and  it  is  employed  for  similar  purposes.  In  eczema  of  the  eyelids, 
in  pruritus,  and  deficient  secretion  of  cerumen  in  the  auditory  canal,  and 
for  eczema  of  the  nose,  ointment  of  yellow  oxide  is  constantly  employed. 
In  chronic  rhinitis,  it  has  been  introduced  into  the  nasal  chambers,  but 
should  be  diluted,  or  it  may  excite  irritation.  A  10  per  cent,  ointment 
is  a  useful  external  application  in  goitre  and  enlarged  cervical  glands.  In 
the  strength  of  1  gr.  to  the  drm.  yellow  oxide  is  largely  used  in  ophthalmic 
practice,  especially  in  inflammation  of  the  margins  of  the  lids,  where  it  is 
applied  at  bedtime  and  allowed  to  remain  till  morning.  In  phlyctenular 
ophthalmia,  a  pinhead-sized  piece  of  the  ointment  may  be  applied  to 
the  inner  surface  of  the  lid.  Its  application  may  be  facilitated  by  placing 
the  desired  quantity  of  ointment  on  a  spatula,  which  is  then  slightly 
heated  in  the  flame  of  a  lamp,  and  then  the  melted  ointment  is  gently 
poured  into  the  conjunctival  fold,  the  lower  lid  being  carefully  everted. 
Corneal  opacities,  chronic  keratitis,  and  pannus  are  also  successfully  treated 
in  this  way,  in  combination  with  massage  and  tonic  measures. 

BED  MERCURIC  IODIDE  (B.P.  and  U.S.P.). — The  only  official  iodide  is 
principally  employed  in  the  form  of  ointment — Unguentum  Hydrargyri 
lodidi  Kubri  (B.P.),  which  contains  4  per  cent,  of  mercuric  iodide  with 
96  per  cent,  benzoated  lard.  This  is  too  strong  for  general  application 
to  the  skin,  as  it  may  cause  sloughing.  In  the  treatment  of  goitre  or 
bronchocele,  Minat,  Macnamara,  and  others  have  reported  successful 
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results  from  the  use  of  the  ointment,  which  is  rubbed  into  the  surface  of 
the  tumour,  and  the  part  is  afterwards  exposed  to  the  direct  rays  of  the 
sun,  until  the  pain  can  no  longer  be  borne.  Within  a  short  time  a 
blister  is  formed,  which  is  opened  and  dressed  in  the  usual  manner. 
This  treatment  may  be  repeated,  after  the  blister  has  healed ;  the  diminu- 
tion in  size  of  the  tumour  continues  to  be  noticed  for  several  weeks. 
In  some  skin  diseases,  a  dilute  form  of  red  iodide  ointment  is  employed 
— Unguentum  Hydrargyri  lodidi  Rubri,  1  part;  Unguentum  Paraffini, 
3  parts.  Rochard's  formula  consists  of  biniodide  of  mercury,  1  gr. ; 
calomel,  10  grs. ;  lard,  1  oz.  The  red  iodide  and  calomel  are  to  be 
rubbed  together,  until  combination  takes  place,  and  then  incorporated 
with  the  lard.  This  is  strongly  antiseptic  and  stimulating,  and  is  used  for 
application  to  small  patches  of  lupus  erythematosus.  In  inflammation 
tending  to  produce  ankylosis  of  the  crico-arytenoid  articulation,  it  has  been 
used  externally  to  the  front  of  the  neck  as  a  counter-irritant. 

GREEN  IODIDE  OF  MERCURY  is  not  official,  but  is  sometimes  very  valu- 
able in  cases  of  syphilis  whicli  other  mercurials  fail  to  touch ;  the  dose  is 
|  to  2  grs.  It  is  best  made  into  a  pill  with  tragacanth  powder,  water,  and 
syrup  of  glucose. 

ACID  NITRATE  OF  MERCURY. — Liquor  Hydrargyri  Nitratis  Acidis  (B.P.), 
acid  solution  of  mercuric  nitrate,  is  a  strongly  acid  liquid,  made  by  dissolv- 
ing 4  oz.  mercury  in  5  oz.  nitric  acid,  and  adding  1^  oz.  distilled  water. 
The  Unguentum  Hydrargyri  Nitratis  (B.P.  and  U.S.P.),  mercuric  nitrate 
or  citrine  ointment,  contains  mercury  dissolved  in  nitric  acid  and  incor- 
porated with  lard  and  olive-oil.  Both  are  entirely  too  strong  for  medical 
use,  and  therefore  the  Unguentum  Hydrargyri  Nitratis  Dilutum  is  also 
made  official  in  B.P. ;  it  contains  20  per  cent,  of  the  strong  ointment,  with 
soft  yellow  paraffin  80  per  cent. 

The  solution  of  the  acid  nitrate  of  mercury  is  a  powerful  caustic,  liable 
to  cause  haemorrhage  if  applied  in  full  strength ;  and  its  use  has  been 
followed  by  salivation.  For  warts,  condylomata,  mucous  patches,  venereal 
ulcers,  phagedeena,  and  specific  ulcerations  of  the  mouth  in  children,  it 
may  be  used  diluted  with  from  3  to  10  parts  of  water,  and  applied  with 
a  piece  of  absorbent  cotton,  or  with  a  piece  of  wood,  such  as  a  match  stick. 
It  may  be  applied,  likewise,  to  pustular  acne,  moles,  or  superficial  n;evi.  It 
is  also  used  with  great  care  for  the  destruction  of  aural  polypi,  and  in 
various  syphilitic  ulcers  in  the  upper  air  passages,  on  the  nasal  septum,  in 
the  pharynx,  and  in  syphilitic  laryngitis,  or  applied  to  the  surface 
^of  the  mucous  membrane  after  the  removal  of  epithelioma  from  the 
'larynx. 

The  mild  ointment  of  mercuric  nitrate  may  be  still  further  diluted 
for  the  treatment  of  ulcerating  surfaces  of  chronic  eczema.  Paronychia, 
or  whitlow,  may  be  aborted  in  its  earliest  stage  by  applying  this  ointment 
freely  over  the  affected  phalanx,  and  confining  it  with  a  piece  of  adhesive 
plaster  for  twenty-four  hours,  after  which  it  can  be  washed  off,  and  no 
further  treatment  will  be  required.  Dilute  citrine  ointment  has  also  been 
applied  to  the  papules  of  smallpox  to  prevent  pitting.  For  ozrena,  a  very 
weak  critrine  ointment  may  be  applied  to  the  nasal  chambers.  In  various 
parasitic  affections  of  the  skin,  as  in  trichophytosis,  and  in  chronic  dis- 
orders such  as  psoriasis,  rosacea,  sycosis,  and  eczema,  it  is  beneficial,  but 
must  not  be  employed  to  excess.  For  chronic  psoriasis  of  hands  or  feet 


446  HYDRARG  YR  UM. 

we  may  use — Unguentum  Hydrargyri  Nitratis  Dilutum,  \  oz. ;  Olei  Juni- 
peri,  7  drms. ;  Lanolini,  A  oz. — ^f. 

Both  of  the  LOTIONS  OF  MERCURY  official  in  the  British  Pharmacopeia 
are  employed  as  dressings  for  chancroids,  phageda-me,  and  other  venereal 
sores,  their  action  depending  upon  the  deposit  of  the  black  and  yellow 
oxides  of  mercury  precipitated  from  the  solution  of  the  lime-water.  The 
black  wash  is  by  far  the  more  frequently  used,  and  the  mixture  should  be  well 
shaken  before  being  applied  to  the  dressing.  It  is  a  favourite  application 
to  syphilitic  lesions  of  the  skin,  and  is  one  of  the  numerous  agents 
which  have  been  recommended  in  poisoning  by  Rims  toxicodendron. 
For  eczema  of  the  auricle  it  is  an  unsightly  but  often  an  effective 
application. 

MERCUROUS  CHLORIDE  (B.P.  and  U.S.P.),  subchloride  of  mercury  or 
calomel,  is  used  as  the  Unguentum  Hydrargyri  Subchloridi  (B.P.)  in  con- 
ditions of  the  skin  in  which  the  glands  are  obstructed  by  the  products  of 
inflammation,  and  where  there  is  infiltration  of  the  tissues  underlying  the 
skin.  It  is  too  stimulating  an  ointment  to  be  used  for  acute  inflammations, 
but  in  eczema  which  has  become  chronic  it  is  especially  appropriate.  In 
eczema  of  the  face  or  scalp,  or  on  the  hands,  it  is  used,  because  it  is 
cleanly  and  efficient.  If  used  too  long,  or  applied  over  too  large  a  surface, 
it  is  liable  to  produce  salivation,  even  more  so  than  other  ointments  of 
mercury.  It  is  used  for  much  the  same  purposes  as  the  ointment  of 
ammoniated  mercury,  but  is  less  discutient  and  irritating  than  the 
latter. 

Mercurous  chloride,  in  the  form  of  a  dry  impalpable  powder,  is  desiccant 
discutient,  and  stimulant  when  locally  applied.  Venereal  ulcers  may  be, 
stimulated  to  more  active  granulations  by  dusting  them  once  a  day  with 
a  small  quantity  of  calomel.  In  diseases  of  the  eye  and  ear,  insufflation 
of  finely  levigated  calomel  is  most  efficient.  For  phlyctenular  ophthalmia, 
chronic  vascular  keratitis,  and  pannus,  also  small  indolent  ulcers,  and 
slight  corneal  opacities,  the  introduction  of  a  small  quantity  of  finely 
powdered  calomel,  by  means  of  a  camel's-hair  brush,  which  is  first  dipped 
into  the  powder,  and  the  small  quantity  adhering  dusted  directly  upon 
the  everted  lids  or  surface  of  the  ulcer,  is  a  well-established  method  of 
treatment.  In  case  there  should  be  ciliary  inflammation,  or  photophobia 
and  lachrymation,  these  conditions  should  be  relieved  by  sedative  applica- 
tions before  the  calomel  treatment  is  instituted.  Otorrhoaa,  with  granu- 
lations and  perforation  of  the  membrane,  may  be  treated  with  calomel 
insufflations,  after  thorough  antiseptic  cleansing.  Syphilitic  laryngitis 
is  successfully  managed  by  insufflations  of  calomel,  thus  making  direct 
application  to  the  vocal  cords ;  it  may  be  diluted  with  white  sugar  or 
acacia  to  any  desired  extent,  according  to  the  nature  of  the  case.  In 
this  manner  it  is  employed  by  some  in. the  treatment  of  rhinitis  of  chronic 
purulent  character,  especially  in  children. 

MERCURIC  CHLORIDE  (B.P.  and  U.S.P.). — Perchloride  of  Mercury.  The 
antiseptic  uses  of  this  substance  have  already  been  mentioned,  and  so  has 
the  employment  of  Lotio  Hydrargyri  Flava.  As  regards  many  of  the 
uses  of  the  two  chlorides,  e.g.  for  syphilis  or  gastric  intestinal  affections, 
they  have  already  been  considered  when  describing  the  therapeutic  uses 
of  mercurials  generally  (p.  432). 
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The  following  less  important  non-official  mercurials  are  used : — 

BENZOATE  OF  MERCURY  is  a  white  powder,  soluble  with  difficulty  in 
chloroform,  alcohol,  or  water,  but  very  soluble  in  water  holding  chloride  of 
sodium  in  solution.  As  it  does  not  precipitate  albumin,  it  may  be  used  for 
hypodermic  injection.  It  might  be  useful  as  a  wash  for  the  nose  and  throat 
in  diphtheria.  The  following  solution  for  hypodermic  use  is  vaunted  by 
Gallois:  —  Neutral  mercury  benzoate,  0'25  c.c. ;  sodium  chloride,  0'06 
grms.;  cocaine  hydrochlorate,  0'06  grms.;  distilled  water,  sterilised,  30  grms. 
Of  this  solution  the  dose  is  1  grm.  daily,  to  be  continued  for  one  month. 
The  solution  is  stable,  and  will  keep  a  very  long  time.  It  causes  very 
little  pain,  and  abscesses  have  not  occurred.  In  the  treatment  of  buboes, 
injections  of  benzoate  of  mercury  are  made  with  successful  results.  A 
1  per  cent,  solution  of  mercuric  benzoate  may  be  made  with  J  per  cent, 
solution  of  sodium  chloride  in  distilled  water.  Welander  injects  7^  minims 
of  this  solution  into  the  interior  of  the  enlarged  gland ;  the  action  may 
be  hastened  by  the  application  of  the  ointment  of  the  iodide  of  potassium, 
or  of  the  red  iodide  of  mercury,  a  little  of  either  being  applied  with  friction 
once  a  day.  Letnik  believes  that  these  hypodermic  injections  might  also 
be  of  service  in  aborting  phlegmonous  inflammation,  suppuration  about 
the  joints,  and  acute  abscess  following  infectious  diseases. 

GALLATE  OF  MERCURY  is  a  dark  greenish  powder,  obtained  by  combin- 
ing gallic  acid  (in  crystals)  and  yellow  oxide  of  mercury.  It  contains 
37'17  per  cent,  of  mercury,  and  is  suitable  for  internal  administration  in 
pill  form  with  vegetable  extracts,  such  as  gentian  or  cinchona. 

SAL  ALEMBROTH  is  ammonia  mercuric  chloride.  It  contain's  one  molecule 
of  corrosive  sublimate  combined  with  two  of  ammonium  chloride.  It  is 
much  used  as  an  antiseptic,  the  advantage  of  it  being  that  it  does  not  com- 
bine with  albumin.  Sal  alembroth  gauze  (1  per  cent.)  and  sal  alembroth 
wool  (2  per  ceut.),both  treated  with  aniline  blue,  which  is  bleached  by  the  dis- 
charge, so  that  it  is  easy  to  see  if  it  has  soaked  through,  is  much  employed. 

CARBOLATE  OF  MERCURY,  mercury  phenolate,  is  in  colourless  crystals ;  it 
has  been  administered  internally  in  pill  form  in  doses  of  \  gr.  to  $  ('02  to 
•03  grm.)  in  adults,  in  the  treatment  of  syphilis.  It  is  claimed  that  it  may 
be  administered  for  a  comparatively  long  time  without  causing  salivation. 

HYDRARGYROL,  or  paraphenyl-thionate  of  mercury,  is  a  new  antiseptic 
agent,  containing  mercury  and  phenol,  occurring  in  brownish  red  scales,  of 
rather  agreeable  odour,  neutral  reaction,  and  specific  gravity  T85.  It 
forms  ruby-coloured  solutions  with  water  and  glycerin,  and  is  insoluble  in 
absolute  alcohol.  Acetic  acid  and  alcohol  decompose  the  solutions ;  but 
with  ordinary  reagents  for  carbolic  acid  and  mercury,  neither  precipitate 
nor  discoloration  appears.  Alkaloids  and  basic  toxines  are  said  to  be 
precipitated  by  hydrargyrol.  It  is  said  to  be  seventy-five  times  less 
poisonous  than  mercuric  bichloride.  In  proportion  of  -^--l^  it  sterilises 
bouillon  culture.  It  has  not  been  before  the  profession  long,  and  more 
definite  clinical  reports  are  lacking.  Hydrargyrol  must  not  be  confounded 
with  two  similar  preparations,  mercuriol  and  mercurol. 

MERCURIOL  is  an  amalgam  of  mercury,  aluminium,  and  magnesium,  con- 
taining 40  per  cent,  of  mercury.  Ahlmann's  method  of  treating  syphilis  is 
to  fasten  to  the  front  of  the  body  cotton  bags  impregnated  with  this 
mixture.  It  is  based  on  Welander's  views  as  to  the  inhalation  of  volatilised 
mercury.  Five  grms.  (1|  drm.)  of  this  preparation  (in  which  the  mercury  is 
in  a  state  of  very  fine  division)  are  put  in  a  cotton  bag  and  worn  constantly. 
For  the  course  of  treatment,  twenty  powders,  of  5  grms.  each,  are  required. 
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For  the  first  five  days,  one  powder  is  put  in  the  bag  every  evening,  and 
afterwards  every  second  day.  It  is  claimed  to  be  the  most  elegant  method 
of  administering  mercury,  the  only  precaution  required  being  frequent 
examination  of  the  urine,  the  occurrence  of  albuminuria  requiring  its 
cessation  of  treatment  for  a  few  days. 

MERCUROL  is  a  combination  of  metallic  mercury  with  nucleinic  acid, 
containing  about  10  per  cent,  of  mercury.  Fraley  and  Guiteras  have  had 
satisfactory  results  in  the  treatment  of  gonorrhoea  by  irrigating  daily  with 
a  solution  of  \  to  2  per  cent,  (in  normal  salt  solution)  without  causing  any 
disagreeable  sensation  or  resulting  irritation. 

SOZIODOLATE  OF  MERCURY  (or  mercurous  di-iodo-paraphenol-sulphonate) 
is  an  orange-yellow  powder  soluble  in  solution  of  chloride  of  sodium,  or  of 
iodide  of  potassium.  It  is  used  in  ointment  (3  to  5  per  cent.)  in  scrofulous 
skin  diseases,  enlarged  glands,  joints,  etc.  It  has  been  used  hypodermically 
by  Schwimmer  and  others  in  treatment  of  syphilis ;  it  is  claimed  to  be  more 
active  than  the  bichloride,  and  to  cure  with  fewer  injections  (each  4  to  5 
cgrms.  or  f  gr.).  Triturated  with  white  sugar,  or  other  bland  powder,  it  is 
useful  for  insufflation  in  syphilitic  disease  of  the  nose,  where  the  secretions 
are  scanty  and  there  is  swelling  of  the  tissues. 

ASPARAGIN  HYDRARGYRATE,  prepared  by  dissolving  10  grs.  of  asparagin  in 
warm  water  and  adding  mercuric  oxide  until  no  more  dissolves,  is  in  the 
form  of  a  solution  which  is  diluted  to  a  standard  strength  of  1  per  cent. 
It  is  limpid,  odourless,  and  has  a  metallic  taste.  It  has  been  employed 
hypodermically  by  Neumann  and  others,  about  15  minims  being  injected 
into  the  interscapular  region,  in  treatment  of  constitutional  syphilis.  It 
is  rapidly  absorbed,  and  the  injections  are  well  borne. 

SUCCINIMIDE  OF  MERCURY,  or  mercuric  imido-succinate,  exists  as  long 
white  silky  needles,  soluble  in  25  parts  of  water.  It  is  given  in  doses  of 
4-  gr.  hypodermically,  in  diseases  which  are  usually  treated  by  mercurials, 
and  is  said  to  be  free  from  local  and  secondary  ill  effects.  Jullien  used 
injections  of  TV  gr-  every  day  during  the  secondary  stage  of  syphilis  with 
satisfactory  results  ;  on  an  average,  twenty-two  injections  were  found  to  be 
sufficient.  The  drug  can  also  be  given  by  the  mouth  in  doses  of  \  gr.  to 
|  gr.,  but  the  effect  is  less  prompt.  Salivation  did  not  occur  in  any  of 
Jullien's  cases. 

THE  BASIC  SALICYLATE  OF  MERCURY  may  be  prepared,  extemporaneously, 
by  dissolving  corrosive  sublimate,  15  grs.,  and  salicylic  acid,  30  grs.,  in 
distilled  water,  3  oz.  Each  15  minims,  or  c.c.,  will  contain  \  gr.  of  the 
salicylate  of  mercury.  By  mixing  solutions  of  mercuric  sulphate  and 
barium  salicylate,  the  salicylate  of  mercury  is  precipitated  as  a  fine  white 
insoluble  powder,  without  odour  or  taste.  This  has  been  used  in  the  treat- 
ment of  syphilitic  ulcers,  either  as  a  lotion  containing  5  grs.  each  of  mer- 
curic salicylate  and  potassium  carbonate,  in  1  oz.  of  distilled  water,  or  as 
an  ointment,  15  to  20  grs.  being  combined  with  1  oz.  of  soft  paraffin. 

MERCURIC  IODO-HEMOL  is  an  odourless  brown  powder,  insoluble  in  water, 
and  is  said  to  contain  13  per  cent,  of  mercury  and  28  per  cent,  of  iodine, 
with  hemol.  It  is  used  as  an  alterative  and  hsematinic,  in  pills  of  2  or  3 
grs.  each,  given  three  times  a  day.  Mann  reports  its  effects  to  be  those  of 
a  mild  mercurial,  the  action  of  which  is  increased  by  iodine,  and  of  especial 
value  in  anaemic  and  cachectic  conditions  in  various  forms  of  syphilitic 
disease.  Symptoms  of  mercurialism  were  limited  to  slight  swelling  of  the 
gums  and  diarrhoea,  which  disappeared  promptly  on  discontinuing  the 
remedy.  No  ill  effects  were  observed  in  a  large  series  of  cases. 
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IODINE  AND  IODIDES. 

IODINE  is  official  both  in  B.P.  and  U.S.P.,  so  likewise  are  the  iodides  of 
potassium  and  sodium.  Ammonium  iodide  is  official  in  U.S.P.  Other 
iodides  are  sometimes  prescribed,  e.g.  iodide  of  arsenic  and  iodide  of 
iron,  but  they  are  not  considered  here,  for  it  is  only  with  the  iodides 
of  potassium,  sodium,  and  ammonium  that  any  of  the  therapeutic  benefit 
is  directly  attributable  to  the  iodine.  lodoform  is  triodide  of  methane, 
and  is  therefore  considered  immediately  after  the  iodides. 

Pharmacology. — External. — Iodine  is  a  powerful  antiseptic  and 
bactericidal  agent,  and  in  solution  of  1  to  500  is  an  efficient,  but  ex- 
pensive, disinfectant.  When  applied  to  the  surface  of  the  body,  iodine 
stains  the  skin  a  dark  brown  colour,  and  its  application,  either  in  sub- 
stance or  in  the  form  of  tincture,  causes  irritation  and  inflammation,  which 
may  go  on  to  vesication,  sloughing,  and  ulceration.  Thieberge  reports  a 
case  in  which  a  scar,  with  distinct  keloidal  character,  followed  a  skin  lesion 
produced  by  iodine. 

When  a  less  strong  preparation  of  iodine  is  applied  to  the  skin, 
after  a  few  days,  desquamation  is  observed,  the  superficial  layer  of 
the  cuticle  becoming  dry  and  peeling  off  in  large  pieces,  leaving  a  moist 
reddened  surface.  The  sensory  nerves  are  affected,  causing  relief  from 
pain,  and,  a  portion  of  the  iodine  penetrating  to  the  deeper  structures, 
stimulates  the  absorbent  vessels  and  causes  inflammatory  exudations  to 
be  absorbed.  If  used  to  excess,  hyperaemia  may  be  caused  also  in  the 
deeper  tissues,  and  when  iodine  is  applied  freely  to  the  chest,  pleuritis  may 
result.  In  a  case  reported  by  Culpepper,  of  a  child,  extensive  sloughing 
followed  the  application  of  the  tincture,  followed  by  symptoms  of  iodism 
and  death  on  the  sixth  day. 

The  vapour  of  iodine  is  irritating,  when  inhaled  into  the  air  passages, 
and  causes  increase  of  secretion,  followed  by  a  sensation  of  warmth. 
Being  deposited  on  the  bronchial  mucous  membrane,  it  acts  as  a  stimulant 
and  antiseptic,  and  tends  to  prevent  decomposition  of  the  mucus. 

Internal. — From  the  gastro-intestinal  tract,  it  diffuses  readily  into  the 
29 
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blood.  Iodine  stimulates  cell  action,  and  favours  absorption  of  exudations 
and  inflammatory  products.  After  absorption,  the  effects  of  iodine  and 
the  iodides  under  consideration  are  probably  the  same,  for  it  is  believed 
that  the  iodides  are  decomposed  in  the  body  by  small  quantities  of  nascent 
oxygen  given  off'  by  living  protoplasm,  and  act  in  virtue  of  their  iodine. 
This  acts  upon  the  glandular  system  generally,  increasing  functional 
activity,  and  is  chiefly  excreted  by  the  kidneys.  It  may  be  found  in 
the  saliva  and  in  the  milk  and  sweat,  and  also  in  the  urine  of  nurslings. 
Iodine  is  also  excreted  by  the  air  passages,  and  to  this  some  persons 
are  more  susceptible  than  others.  Coryza,  oedema  of  the  larynx,  or  of  the 
lungs,  may  thus  be  produced  by  iodides.  Free  action  of  the  salivary  glands 
is  often  excited.  Binz  teaches  that  iodine  forms,  with  the  alkalies  of  the 
blood  serum,  sodium  iodide  and  sodium  iodite,  and  these,  when  they  meet 
an  acid,  undergo  decomposition,  iodine  being  set  free.  If  the  administration 
be  too  long  continued,  it  may,  in  certain  cases,  produce  atrophy  of  the 
mammary  gland  or  testicle.  This,  however,  has  only  occurred  in  cases  of 
goitre,  where,  the  tumour  having  been  diminished  by  a  course  of  iodine, 
atrophy  of  the  glandular  structures  followed.  It  has  been  suggested  by 
Lebert  that  it  was  really  the  rapid  absorption  of  the  goitrous  material 
into  the  circulation  which  caused  the  atrophy  of  the  glands,  and  not  the 
iodine.  The  alkaline  iodides  are  very  readily  dissolved  in  water  or  the 
secretions  of  the  body,  and  iodine  may  be  detected  in  the  saliva  within  a 
few  minutes  after  they  have  been  swallowed.  This  has  been  utilised 
in  stomach  examinations  to  determine  the  comparative  rate  of  absorption 
in  different  individuals. 

Some  natural  mineral  waters  contain  iodine  and  iodides,  to  the 
presence  of  which  their  alleged  efficacy,  in  the  treatment  of  incipient 
tuberculosis,  scrofula,  and  syphilis,  is  perhaps  attributable.  Among  these, 
the  Cauterets,  Hautes  Pyrenees,  Challes,  Savoy,  Aix-la-Chapelle,  and 
Saratoga  are  especially  celebrated.  Some  of  the  alterative  and  recon- 
structive effects  of  cod-liver  oil  have  been  ascribed  to  the  presence  of 
iodine  in  small  proportion,  and  possibly  not  a  small  part  of  the  benefit 
arising  from  a  marine  climate  and  sea-water  baths  is  due  to  it. 

If  taken  into  the  stomach  in  considerable  quantity,  iodine  may  act  as 
an  irritant  corrosive  poison,  causing  pain,  vomiting,  and  collapse,  or,  if  life 
be  prolonged  for  several  days,  it  excites  gastritis,  and  death  may  occur 
suddenly  from  heart  failure.  This  result  has  also  been  reported  after  the 
injection  of  iodine  solutions  into  the  large  cavities  of  the  body.  Iodine 
follows  the  general  therapeutic  rule,  in  that  it  is  a  stimulant  to  various 
organs  by  which  it  is  excreted  from  the  body.  It  is  never  used  for  its 
action  as  a  diuretic,  however,  in  dropsical  affections,  but  is  principally 
employed  as  an  alterative  and  expectorant. 

The  alkaline  iodides  combine  with  certain  metallic  substances  in  the 
body,  such  as  mercury,  silver,  or  lead,  and  produce  soluble  salts  by  mutual 
decomposition.  It  may  happen  that  mercurial  salivation  may  thus  be 
produced,  if  potassium  iodide  be  too  freely  administered  to  a  patient  who 
has  mercury  stored  up  in  his  tissues.  On  the  other  hand,  the  cautious 
and  long-continued  administration  of  the  alkaline  iodides  in  small  doses  is 
competent  to  relieve  the  system  of  the  effects  of  mercury,  by  combining 
with  it  and  carrying  it  off  in  soluble  form.  This  fact,  of  the  combination 
of  mercury  and  an  alkaline  iodide  to  form  a  soluble  salt,  is  utilised  in 
therapeutics  by  prescribing  corrosive  sublimate  (mercuric  chloride)  in  a 
solution  of  potassium  iodide  in  excess,  which  forms  a  valuable  alterative 
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and  antisyphilitic  preparation.  Iodine  and  mercury  are  frequently  given 
contemporaneously,  as  in  "  the  mixed  treatment "  of  syphilis. 

From  ordinary  doses  of  iodides,  no  effect  upon  pulse  or  temperature  is 
observed  in  normal  individuals.  In  the  early  stages  of  syphilis,  Colombine 
and  Gerulli  state  that  potassium  iodide,  given  by  the  stomach,  produces  an 
increase  of  red  corpuscles  and  of  haemoglobin,  whereas  control  experiments 
on  the  blood  of  healthy  subjects  showed  that  potassium  iodide  produced  a 
constant  diminution  of  the  red  corpuscles  and  haemoglobin. 

Iodine  has  some  aphrodisiac  effects,  and  may  excite  excessive  menstrua- 
tion. When  given  in  considerable  doses  to  a  pregnant  woman,  it  is  said 
to  have  caused  abortion.  After  long-continued  use  of  potassium  iodide, 
anaphrodisiac  effects  are  observed. 

Owing  to  its  solubility  in  water,  potassium  iodide  is  rapidly  absorbed 
and  promptly  eliminated  from  the  body.  It  is  chiefly  excreted  by  the 
urine,  in  which  it  appears  partly  as  alkaline  iodides  and  partly  in 
albuminoid  combination.  The  proportion  of  uric  acid  and  urates  in  the 
urine  is  slightly  decreased,  while  that  of  sulphur  is  augmented. 

Hydriodic  ether,  or  ethyl  iodide,  has  little  if  any  power  of  producing 
general  anesthesia  in  the  human  subject,  but  affords  a  speedy  method  of 
introducing  iodine  into  the  system. 

Iodism. — The  toxic  effects  of  iodine,  termed  collectively  iodism,  are 
more  likely  to  appear,  it  is  said,  in  patients  suffering  with  renal  disease  or 
inadequacy,  and  in  children.  Among  the  prominent  symptoms  of  iodism 
are  headache,  conjunctival  irritation,  oedema  of  the  eyelids,  nausea,  saliva- 
tion, disorder  of  digestion  (sometimes  purgation  and  diuresis),  and  general 
malaise.  These  symptoms,  however,  usually  rapidly  subside  when  the 
remedy  is  discontinued.  An  eruption  resembling  acne  indurata,  upon  the 
face  and  upper  part  of  the  trunk,  is  one  of  the  early  signs  of  saturation  of 
the  system  with  the  drug.  It  must  not  be  confounded  with  syphilitic  acne, 
or  the  well-known  syphilitic  eruption — the  corona  veneris.  The  most 
characteristic  forms  of  iodide  eruption  are  papules,  wheals,  or  large  flat 
tubercles,  somewhat  darker  in  shade  than  the  surrounding  skin,  and  with 
the  base  encircled  by  a  zone  of  inflammation.  Occasionally,  the  hyperasmia 
is  so  great  as  to  cause  petechire,  or  effusion  of  lymph  and  vesiculation,  the 
lesions  being  large  and  irregular  in  outline,  and  their  contents  being  serum, 
which  afterwards  becomes  milky  and  dries  into  crusts  (somewhat  resem- 
bling chicken-pox,  or  pemphigus).  An  acute  eczema  occasionally,  though 
rarely,  follows  the  administration  of  the  iodides.  These  untoward  effects 
of  medicinal  doses  are  largely  due  to  idiosyncrasy  of  the  patient ;  because 
they  follow,  in  some  cases,  the  administration  of  very  small  doses,  while  the 
majority  of  cases  bear  very  large  doses  without  any  ill  result. 

Severe  facial  neuralgia  or  headache  sometimes  follows  the  administration 
of  comparatively  small  doses  of  potassium  iodide,  or  pains  may  be  occasioned 
in  the  limbs.  Photophobia,  fixed  contraction  or  dilatation  of  the  pupil, 
and  conjunctivitis  have  also  been  observed.  Finger  has  reported  the 
appearance  of  ocular  paralysis  and  retinal  hemorrhages  where  there  were 
intracranial  lesions  and  diseased  blood  vessels.  Maniacal  symptoms  have 
ensued  from  the  administration  of  large  doses  of  potassium  iodide. 

In  a  case  observed  by  Gautier  in  which  this  agent  had  been  used  freely 
by  inunction,  emaciation  and  prostration  occurred,  accompanied  by  fixed 
delusions  and  melancholia.  It  is  undoubtedly  true  that  in  persons  having 
a  tendency  to  insanity,  mania  may  appear  among  the  consequences  of  iodism, 
though  such  manifestations  are  exceedingly  unusual.  On  the  contrary,  in 
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most  eases,  improvement  of  appetite  and  power  of  digestion  are  promptly 
experienced,  and  increased  weight  and  a  sense  of  physical  well-being  are 
observed. 

Treatment. — When  a  single  toxic  dose  of  iodine  has  been  accidentally  in- 
troduced into  the  stomach,  starch  should  be  freely  administered,  which  com- 
bines with  it  chemically,  and  mitigates  its  corrosive  effects.  The  stomach 
should  be  washed  out,  and  vomiting  should  at  first  be  encouraged  by  large 
draughts  of  warm  water  or  milk ;  and,  later,  it  may  be  controlled  by  a  small 
dose  of  morphine.  The  bowels  should  be  evacuated  by  a  quickly  acting 
purgative,  such  as  jalap,  or  compound  elaterin  powder,  and  the  action  of  the 
kidneys  encouraged  by  the  use  of  warm  drinks.  Sodium  bicarbonate  in  doses 
of  2  to  3  drnis.  daily  is  also  to  be  given.  For  excessive  salivation,  tincture 
of  belladonna  is  useful.  Hypodermic  injection  of  cardiac  and  respiratory 
stimulants  may  be  required,  and  the  patient  should  be  kept  in  bed  and 
closely  watched  for  appearance  of  heart  failure.  If  cedema  of  the  larynx 
should  occur,  it  may  be  relieved  by  intubation  or  by  tracheotomy. 

The  chronic  form  of  iodism  is  to  be  treated  by  belladonna,  stimulants, 
and  diuretics,  with  free  use  of  water  and  milk  and  nourishing  food.  A 
few  drops  of  Fowler's  solution  of  arsenic,  added  to  the  medicinal  dose 
of  potassium  iodide,  or  the  simultaneous  administration  of  spirits  of  sal 
volatile,  it  is  stated  on  good  authority,  will  tend  to  prevent  the  occurrence 
of  the  symptoms  of  iodism. 

Therapeutics. — The  usual  method  of  applying  iodine  as  a  counter- 
irritant  is  to  have  the  tincture  painted  over  the  surface  with  a  camel's-hair 
pencil,  like  a  pigment,  until  the  desired  dark  brown  coloration  is  obtained. 
For  this  purpose  a  simple  solution  of  iodine  in  alcohol  is  preferable,  about 
three  times  the  strength  of  the  official  tincture  (B.P.),  or  7  per  cent,  (which  is 
the  proportion  in  the  tincture  of  iodine,  U.S.P.).  It  is  commonly  employed 
as  a  resolvent  for  various  forms  of  swelling,  especially  glandular  hyper- 
trophies, for  sprains  and  painful  enlargements  of  joints,  and  for  chilblains 
or  frosted  feet. 

It  is  also  frequently  applied  to  the  skin  as  a  counter-irritant  after 
acute  visceral  inflammations.  For  instance,  in  pleurisy  or  pneumonia, 
when  the  process  tends  to  become  chronic,  the  disappearance  of  the  exuda- 
tion or  effusion  may  be  brought  about  by  the  application  of  a  liberal  coat- 
ing of  tincture  of  iodine,  which  is  painted  on  with  a  camel's-hair  pencil,  or 
a  piece  of  absorbent  cotton  on  a  holder.  When  the  desired  amount  of 
surface,  some  20  to  40  square  in.,  has  been  covered,  and  the  proper  tint 
obtained,  the  skin  should  be  allowed  to  dry  while  exposed  to  the  air ; 
otherwise,  if  covered  when  still  wet  with  the  iodine,  increased  effects — 
vesication,  inflammation,  and  sloughing — may  occur.  The  tincture  may  be 
reapplied  once  or  twice  a  day  until  the  skin  commences  to  peel  off. 

The  dentists  prefer  a  stronger  tincture  of  iodine  for  the  treatment  of 
inflamed,  spongy,  or  ulcerating  gums,  it  being  applied  by  means  of  a 
small  tuft  of  absorbent  cotton  on  a  probe.  For  this  purpose,  3  drms.  of 
iodine  may  be  dissolved  in  1  fluid  oz.  of  alcohol  by  maceration,  with 
succussion  at  intervals,  for  several  days.  This  solution  is  not  only  a 
powerful  counter-irritant,  but  is  bactericidal  as  well,  and  is  especially 
useful  for  inflamed,  ulcerating,  or  receding  gums.  For  relief  from  tooth- 
ache, the  tincture  may  be  combined  with  carbolic  acid  or  creosote,  and  a 
small  piece  of  cotton,  wet  with  the  preparation  but  partially  dried  upon 
blotting  paper,  is  to  be  carried  directly  into  the  cavity  of  a  carious  tooth, 
and  allowed  to  remain  in  contact  with  the  exposed  pulp.  In  most  cases  it 
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will  be  found  more  convenient  to  first  apply  cocaine  in  strong  solution,  or 
morphine  in  powder,  to  the  exposed  nerve,  so  as  to  make  it  less  sensitive. 
As  a  preliminary  measure,  the  cavity  must  be  carefully  cleansed  with  anti- 
septic solutions.  The  tincture  of  iodine  may  also  be  painted  on  the  gums, 
to  relieve  the  pain  and  promote  resolution  of  an  alveolar  abscess,  and  to 
check  periodontitis. 

In  chronic  hypertrophy,  or  inflammatory  enlargement  of  the  tonsils, 
repeated  applications  of  tincture  of  iodine  to  the  surface  of  the  hyper- 
trophied  glands,  or  a  few  drops  injected  into  their  interior  with  a  long 
hypodermic  needle,  are  often  of  great  service.  External  applications  to 
the  skin  at  the  angles  of  the  jaw  are  also  useful  for  counter-irritation,  to 
reduce  inflammation  and  pain.  In  intercostal  neuralgia  and  rheumatism  of 
the  intercostal  muscles,  the  application  of  tincture  of  iodine  to  the  adjacent 
area  of  skin  is  often  decidedly  beneficial. 

In  chronic  pulmonary  affections,  such  as  fibroid  phthisis,  or  broncho- 
pneumonia,  and  also  in  chronic  bronchitis,  the  tincture  of  iodine  applied  to 
the  chest  often  brings  about  decided  amelioration  of  the  general  condition 
and  lessening  expectoration  and  cough.  Probably  part  of  it  is  absorbed, 
and  thus  constitutional  effects  are  produced  at  the  same  time  with  the 
local  counter-irritation.  In  syphiloma  of  the  bronchi  or  lungs,  the  use  of 
potassium  iodide  internally  produces  rapid  improvement.  The  injection 
of  tincture  of  iodine  into  tuberculous  cavities  in  the  lung  structure  has  been 
advocated  and  practised,  in  the  hope  that  local  disinfection  may  be  secured 
and  a  healthy  process  of  repair  instituted.  The  following  combination 
has  been  employed  by  A.  0.  Squier : — Eucalyptol,  32  minims ;  guaiacol, 
16  minims ;  iodoform,  8  grs. ;  iodine,  4  grs. ;  sweet  oil  of  almonds  q.s.  ad 
1  fluid  oz.  From  10  to  30  minims  to  be  used  once  each  day  for  an 
injection  into  pulmonary  cavities.  No  benefit,  however,  has  followed. 
A  solution  of  iodine  has  been  injected  deeply  into  the  muscular 
structure,  for  the  treatment  of  general  conditions  such  as  scrofula  or 
tuberculosis.  It  may  also  be  injected  into  the  surrounding  tissues,  in  non- 
tuberculous  diseases  of  joints.  In  hydrarthrosis  and  diseases  of  joints 
accompanying  syphilis  or  gonorrhoea,  this  expedient  has  likewise  been 
successfully  employed. 

The  antiseptic  and  stimulating  effects  of  iodine  are  utilised  in  the 
treatment  of  chronic  rhinitis  with  commencing  atrophy.  Daily  or  less 
frequent  applications  should  be  made  to  the  mucous  membrane  of  the  nose 
and  pharynx  (after  the  preliminary  removal  of  crusts,  cleansing  with  an 
alkaline  spray),  of  the  following  solution: — Tincture  of  iodine,  7  to  15 
minims;  iodide  of  potassium,  15  grs. ;  glycerin,  1  oz.  In  chronic  follicular 
pharyngitis,  the  following  has  been  found  useful,  especially  for  public 
speakers : — Strong  solution  of  iodine,  40  minims ;  carbolic  acid,  12  minims ; 
glycerin,  2  oz.  A  teaspoonful  to  be  added  to  4  oz.  of  water,  and  used 
freely  as  a  gargle  every  two  hours. 

For  buboes  and  other  enlarged  lymphatic  glands,  as  a  stimulating 
resolvent,  the  ointment  of  iodine,  or  of  potassium  iodide,  may  be  used, 
combined  with  an  equal  proportion  of  lanolin.  In  orchitis  also,  after  the 
acute  stage  has  passed,  and  in  mastitis,  or  chronic  indurations  in  the  breast, 
either  the  application  of  the  tincture  or  of  the  ointment  will  prove  beneficial. 
In  bronchocele  or  goitre,  the  conjoined  internal  and  external  use  of 
iodine  is  the  best  method  of  treatment ;  it  may  be  aided  by  an  occasional 
parenchymatous  injection  of  tincture  of  iodine,  from  five  to  twenty  drops. 
The  cavities  of  cysts  and  abscesses,  after  their  evacuation,  may  be  irrigated 
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with  a  watery  solution  of  iodine  (1  or  2  drms.  to  a  pint),  and  the  same 
strength,  or  a  stronger  solution,  may,  as  proposed  by  Tarnier,  be  employed 
for  injection  into  the  interior  of  the  uterus,  to  stimulate  contraction,  and 
prevent,  or  check,  post-partum  haemorrhage.  The  injection  of  a  small 
quantity  of  an  alcoholic  solution  of  iodine  into  the  sac  of  a  hydrocele,  or 
into  a  hydatid  cyst  after  evacuation,  may  be  resorted  to  for  the  purpose  of 
exciting  inflammation,  and,  in  the  latter  case,  destroying  the  parasite. 
Spina  bifida  has  been  treated  successfully  by  the  injection  into  the  tumour 
of  a  few  drops  of  tincture  of  iodine,  after  withdrawal  of  a  small  quantity 
of  serum  by  aspiration. 

The  application  of  a  strong  tincture  of  iodine  to  the  lower  part  of  the 
cervix  uteri  may  arrest  the  vomiting  of  pregnancy.  A  saturated  solution 
of  tannin,  in  a  strong  tincture  of  iodine,  or  strong  solution  of  iodine,  is 
employed  topically  in  treating  endocervicitis  and  leucorrhoaa.  A  caustic 
solution  of  iodine  in  glycerin  is  applied  to  the  neck  of  the  uterus,  to  reduce 
engorgement  and  inflammation.  The  daily  application  of  a  strong  tincture 
of  iodine  has  been  successful  in  the  hands  of  Ivanoff  in  bringing  about 
disappearance  of  large  haemorrhoids.  Inflammation  of  the  Meibomian 
glands  (or  "  styes  ")  on  the  eyelids  may  be  controlled  by  applications  of  the 
tincture,  and  corneal  ulcers  have  yielded  to  the  same  expedient ;  but  in 
unskilled  hands  it  is  liable  to  be  painful,  and  cause  increase  of  inflammation. 
In  the  treatment  of  trachoma,  Niesnamov  employs  a  saturated  solution 
of  iodine  in  ether.  Roselli  applies  a  solution  of  potassium  iodide,  with 
the  immediate  subsequent  application  of  oxygenated  water  or  hydrogen 
dioxide. 

In  many  diseases  of  the  skin,  iodine  preparations  are  of  great  value. 
Boils  and  small  abscesses  may  be  absorbed  by  painting  the  neighbouring 
vascular  area.  Lentigo,  chloasma,  pityriasis  versicolor,  and  tinea  tricho- 
phytina  may  be  treated  by  the  local  application  of  solutions  of  iodine.  In 
ringworm,  the  tincture  may  be  combined  with  the  colourless  oil  of  tar 
(in  the  proportion  of  1  part  to  4).  lodiriated  collodion  (made  by  taking  8 
to  12  grs.  of  iodine,  and  dissolving  it  in  a  small  quantity  of  alcohol,  and 
then  combining  it  with  an  ounce  of  flexible  collodion)  may,  in  certain 
skin  diseases,  be  advantageously  applied,  in  successive  daily  layers,  until 
a  thick  coating  is  formed,  which  may  be  allowed  to  remain  undisturbed 
for  a  fortnight.  In  erysipelas,  the  tincture  of  iodine  alone,  or  combined 
with  carbolic  acid,  and  added  to  four  parts  of  glycerin,  may  be  applied 
around  the  border  of  the  area  of  inflammation  to  check  the  spread  of  the 
disease.  In  this  disease,  Lobit  used  iodinated  collodion  (10  per  cent.),  and 
reported  rapid  disappearance  of  swelling  and  pain,  which  he  attributed  to 
its  bactericidal  properties.  A  strong  tincture  may  be  applied  to  each 
papule  on  the  face  in  a  case  of  smallpox,  to  limit  suppuration  and  prevent 
pitting.  Equal  portions  of  ointment  of  belladonna  and  of  iodine  are  useful 
for  painful  swellings  of  the  skin  or  nodes,  such  as  appear  in  inherited 
syphilis.  Keloid  and  scleroderma  have  been  favourably  influenced  by 
iodine  applications,  and  lupous  areas  have  been  benefited,  while  lentigo 
and  chloasma  are  usually  cured  by  a  few  applications.  In  the  condition  of 
the  tongue  termed  leucoplakia,  a  20  per  cent,  solution  of  potassium  iodide 
has,  by  I.  Kosenberg,  been  successfully  used,  by  painting  it  upon  the 
affected  area. 

In  acute  coryza  and  bronchial  catarrh,  the  vapour  of  iodine  will  afford 
relief  if  cautiously  inhaled ;  a  few  crystals  may  be  placed  in  a  test  tube, 
which  is  held  grasped  in  the  hand.  The  usual  mode  of  application  is  to 
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have  an  inhaler,  or  large  pitcher,  containing  a  pint  or  more  of  boiling 
water,  into  which  ten  or  twenty  drops  of  tincture  of  iodine,  or  of  equal 
parts  of  tincture  of  iodine  and  carbolic  acid,  are  poured,  and  the  vapour 
allowed  to  enter  through  the  nose.  The  spirits  of  camphor,  oil  of  turpen- 
tine, or  tincture  of  benzoin,  have  also  been  used  in  conjunction  with  tincture 
of  iodine,  for  inhalation  in  laryngitis,  chronic  bronchitis,  and  pulmonary 
tuberculosis.  Waring  Curran  states  that  in  some  epidemics  of  diphtheria, 
the  inhalation  of  iodine  vapour  has  proved  to  be  of  signal  service.  In 
whooping-cough,  a  combination  of  tincture  of  iodine  with  carbolic  acid  is 
advocated  by  Rothe  for  inhalation.  Ethyl  iodide  or  hydriodic  ether  has 
been  recommended  for  inhalation  in  scrofula,  chronic  lung  affections, 
asthma,  whooping-cough,  and  syphilis,  especially  in  acute  affections  of  the 
brain  or  spinal  cord. 

In  the  treatment  of  typhoid  fever,  the  internal  use  of  iodine  in  ten- 
to  fifteen-drop  doses,  given  during  the  first  two  weeks,  forms  part  of  the 
so-called  specific  treatment.  In  atonic  diarrhcea,  also  in  dysenteric 
diarrhoea,  the  tormina  and  tenesmus  are  greatly  relieved,  or  cured,  by  the 
administration  of  tincture  of  iodine  in  small  doses,  in  sweetened  water. 
Iodised  starch  in  5  gr.  doses  has  also  been  successfully  employed  in  similar 
cases.  In  gastric  ulcer,  Murrell  recommends  five-drop  doses  given  three 
times  a  day,  well  diluted,  and  reports  rapid  improvement  under  this 
treatment.  The  tincture  of  iodine  has  also  been  extolled  for  treatment  of 
sea-sickness,  ten  drops  of  the  tincture  being  placed  in  a  glass  of  water  and 
a  teaspoonful  taken  every  fifteen  minutes  or  half-hour. 

The  tincture  of  iodine,  in  moderate  doses,  has  proved  of  value  in 
chronic  malaria,  but  is  less  useful  in  malarial  fever.  In  the  treatment  of 
malarial  cachexia,  iodine  has  long  been  esteemed.  Lately  Perona  has  re- 
commended the  hypodermic  injection  of  a  combination  of  iodine,  potassium 
iodide,  and  guaiacol,  in  glycerin,  for  malarial  hypertrophy  of  the  spleen. 
In  chronic  affections  of  the  liver  and  spleen,  more  particularly  when 
they  are  due  to  malarial  infection,  iodine  is  employed  both  by  internal 
administration  of  the  tincture  and  external  application  of  the  strong 
solution,  or  liniment.  In  ascites,  associated  with  these  affections,  the 
tincture  of  iodine  internally  is  an  established  method  of  treatment,  and 
acts  especially  well  just  after  paracentesis  abdominis  has  been  performed. 

A  pleasant  preparation,  the  Syrup  of  Hydriodic  Acid  (U.S.P.),  which 
is  largely  used,  contains  1  per  cent,  of  absolute  hydriodic  acid.  In  1  or  2 
drm.  doses,  repeated  several  times  during  the  day,  it  renders  excellent 
service  in  chronic  pneumonia,  pleurisy  with  plastic  exudation,  or  with 
large  effusion,  in  asthma,  bronchitis,  gouty  affections,  lead  poisoning,  and  in 
some  skin  diseases.  In  scrofula  and  inherited  syphilis,  occurring  in  chil- 
dren, this  affords  a  good  vehicle  for  the  introduction  of  iodine  into  the 
system. 

The  combinations  of  iodine  with  potassium,  sodium,  and  ammonium  are 
of  great  utility  in  medicine.  In  syphilitic  skin  affections,  especially  of  the 
indurated,  scaly,  or  ulcerative  forms,  the  iodide  of  potassium  or  sodium 
internally,  in  as  large  doses  as  can  be  borne,  is  followed  by  striking  im- 
provement. Psoriasis,  whether  of  syphilitic  origin  or  not,  is  often  much 
benefited  by  the  internal  administration  of  large  doses  of  the  iodide  of 
potassium  or  sodium,  and  even  more  when  combined  with  antirheumatic 
agents.  Thus — Potassium  iodide,  48  grs. ;  sodium  salicylate,  15  drms. ;  oil  of 
gaultheria,  2  drms. ;  acacia  mixture  q.s.  ad  6  oz.  A  dessert-spoonful,  well 
diluted,  to  be  taken  every  three  hours,  in  a  case  of  psoriasis  with  litha-mia,  or 
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rheumatism.  In  chronic  scaly  skin  affections,  iodine  and  arsenic  may  be 
given  alternately  ;  it  is  especially  where  there  is  infiltration  of  the  deeper 
layers  of  the  skin  that  the  iodide  of  potassium  is  almost  indispensable.  In 
actinomycosis,  iodide  of  potassium  has  been  pronounced  the  most  efficacious 
remedy.  Cases  of  cretinism,  with  myxoedema  and  goitre,  have  been 
markedly  improved  by  a  long-continued  course  of  small  or  medium-sized 
doses  of  potassium  iodide.  Ulcers  and  wounds  are  advanced  toward  repair 
by  the  daily  administration  of  small  doses  of  the  same  remedy,  given  three 
times  daily.  In  scrofulous  affections  of  the  skin  and  lymphatic  glands,  in 
children  especially,  the  iodide  of  potassium,  combined  with  tonics,  is  very 
useful.  For  such  cases,  the  compound  syrup  of  sarsaparilla,  or  the  infusion  of 
gentian,  is  frequently  used  as  a  vehicle  for  the  administration  of  the  alkaline 
iodide.  Chronic  urticaria  has  been  successfully  treated  in  this  manner. 
In  children,  and  in  adults  who  cannot  tolerate  iodide  of  potassium  by  the 
mouth,  it  may,  if  well  diluted,  be  administered  by  enema. 

Argyria,  plumbism,  and  hydrargyrism  are  successfully  treated  with  the 
iodides.  It  is  a  well-established  fact  that  the  iodide  of  potassium  possesses 
a  remarkable  power  of  combining  with  metallic  poisons,  and  carrying  them 
away  from  the  tissues  in  soluble  form.  Caution  should  be  exercised  as  to 
dosage,  for  large  doses  might  liberate  a  sufficient  quantity  of  the  agent 
to  produce  symptoms  of  acute  poisoning.  Baths  containing  iodine  are 
used  not  only  for  eliminating  metallic  poisons,  but  also  for  the  treatment  of 
chronic  skin  diseases  and  for  their  general  alterative  and  rubefacient  effect. 
A  wooden  bath  tub  is  used,  and  an  amount  of  tincture  of  iodine  equivalent 
to  3  grs.  of  iodine  to  each  gallon  of  water  is  poured  into  this  tub  just 
before  the  bath.  For  children  this  strength  is  to  be  reduced  one-half,  or 
less.  The  most  obvious  effect  of  the  bath  is  to  temporarily  discolour  the 
skin,  which,  however,  regains  its  colour  when  the  epidermis  peels  off,  as  it 
does  after  several  baths.  If  a  preliminary  dose  of  alcohol,  to  cause  sweat, 
has  been  given,  the  systemic  effect  of  the  bath  will  be  greater. 

It  is  in  the  treatment  of  the  protean  manifestations  of  syphilis  that 
iodine  and  its  preparations  have  been  most  successful.  In  syphilitic 
anaemia  and  cachexia,  the  iodide  of  potassium,  as  the  rule,  exerts  a  tonic 
effect,  increasing  the  appetite,  improving  the  quality  of  the  blood,  and 
causing  increase  of  bodily  weight  and  strength,  and  disappearance  of 
gummata  and  other  localised  manifestations  of  the  poison.  Its  anaphro- 
disiac  influence  can  be  overcome,  if  desired,  by  temporary  interruption  of 
treatment  and  administration  of  nerve  tonics,  such  as  phosphide  of  zinc 
and  nux  vomica.  It  is  less  efficient  in  controlling  the  primary  and 
secondary  manifestations  of  syphilis  than  it  is  in  overcoming  tertiary  lesions. 
Various  methods  of  giving  the  salt,  in  which  its  effects  seem  magical, 
especially  when  small  doses  of  mercury  are  combined  with  it,  as  in  the 
mixed  treatment  already  referred  to,  have  been  advocated,  but  the  adminis- 
tration by  the  stomach  is  that  which  is  most  often  adopted. 

The  simultaneous  administration  of  iodine,  or  the  iodides,  with  mercury, 
in  small  doses,  is  highly  valuable  in  syphilis,  forming  what  is  known  as  the 
"  mixed  treatment."  The  iodide  controls  the  symptoms,  and  the  mercury 
acts  upon  the  causes  of  the  disease.  (See  under  "  Mercury.")  In  grave 
syphilis,  Bourveyron  advises,  in  cases  in  which  the  mixed  treatment  has 
failed,  the  use  of  iodine  up  to  2J  grs.  (15  cgrms.)  a  day.  He  gives  it  in 
combination  with  potassium  iodide,  glycerin,  citric  acid,  and  syrup,  each 
dose  to  be  taken  half  an  hour  before  meals,  to  prevent  combination  with 
food. 


THE  RAPE  UTICS.  45  7 

On  account  of  the  solubility  of  potassium  iodide,  it  is  convenient  to 
prescribe  it  in  concentrated  solution  in  water,  of  wbich  each  minim  or 
drop  represents  1  gr.  Hynson  recommends  the  following  method  of  making 
this  solution: — Dissolve  480  grs.  of  the  salt  in  5|  drms.  of  hot  water, then 
make  up  the  bulk  to  8  drms.,  with  water.  This  always  results  in  a 
solution  representing  1  gr.  in  each  minim  and  approximately  in  each 
drop.  When  administered  in  this  form  in  gradually  increased  doses, 
freely  diluted  with  water,  the  severer  symptoms  of  iodism  may  always 
be  prevented.  If  desired,  corrosive  sublimate  may  be  added,  for  the  mixed 
treatment  of  syphilis.  In  treating  the  severer  manifestations  of  syphilis, 
it  is  the  rule  to  begin  with  a  moderate  dose  of  10  or  20  minims  of  the 
above  solution,  given  three  times  a  day,  to  be  largely  diluted  with  milk  or 
water,  and  the  dose  steadily  increased  until  the  point  of  toleration  of  the 
remedy  is  reached,  or  the  symptoms  yield.  In  some  cases  it  has  been 
found  necessary  to  administer  15  or  16  drms.  a  day,  before  the  pains 
of  syphilitic  bone  infection  (osteocopic  pains)  would  yield.  Generally, 
3  or  4  drms.  daily  would  be  all  that  would  be  necessary  to  bring  about 
rapid  amelioration  of  the  symptoms,  such  as  disappearance  of  gummata, 
healing  of  rupial  sores,  and  the  cure  of  psoriasis.  In  cases  of  pregnancy, 
where,  owing  to  syphilitic  taint,  repeated  miscarriages  have  occurred 
previously,  the  administration  of  the  potassium  iodide  in  10  gr.  doses 
three  times  daily,  for  several  months,  has  been  successful  in  overcoming 
this  tendency.  It  is  especially  in  gummata  of  the  meninges  and  syphilitic 
meningitis  that  large  doses  of  iodides  are  needed.  Cases  that  will  not 
yield  to  small  doses  are  often  benefited  by  doses  of  200  or  300  grs.  a  day, 
and  these  large  doses  rarely  produce  symptoms  of  iodism. 

In  cases  of  inflammatory  exudation  and  chronic  enlargements,  such  as 
meningitis  with  exudation,  and  other  cerebral  lesions  of  syphilis,  potassium 
iodide  in  combination  with  bromide  is  more  efficient  than  any  other 
treatment,  but  the  iodide  must  be  pushed,  in  drachm  or  half-drachm 
doses,  so  as  to  make  a  rapid  impression  upon  the  disease.  If  the  remedy 
is  well  diluted  and  administered  at  a  time  when  the  stomach  is  empty, 
or  nearly  so,  the  maximum  constitutional  effect  will  be  obtained  with  the 
least  danger  of  causing  local  irritation  or  symptoms  of  iodism. 

For  the  arrest  of  arterio-sclerosis,  and  degenerative  changes  occurring 
in  the  kidneys  in  chronic  Bright's  disease,  some  believe  that  no  remedy  is 
so  useful  as  iodine,  and  this  is  said  also  to  apply  to  the  condition  known 
as  cirrhosis  of  the  liver.  The  tincture  may  be  given,  but  the  iodides  of 
the  alkaline  bases  have  especial  advantages,  large  doses  being  tolerated. 
The  iodide  of  sodium,  being  less  depressing  than  the  potassium  salt,  may 
be  given  in  maximum  doses  of  1  drm.  a  day,  continued,  if  necessary,  for 
many  months  or  years,  with  occasional  intermissions  of  treatment. 

The  pain  of  aortic  aneurysm  is  promptly  benefited  by  potassium 
iodide,  when,  as  is  often  the  case,  the  aneurysm  is  due  to  syphilitic 
endarteritis  ;  but  even  in  cases  where  the  specific  infection  is  not  evident, 
the  iodide  of  potassium  treatment  of  aneurysm  of  the  aorta  is  now  the 
accepted  method.  It  is  combined  with  absolute  rest  in  bed  and  a  restricted 
diet,  so  as  to  relieve  plethora  and  reduce  arterial  tension,  thus  favouring 
the  deposit  of  a  laminated  clot.  The  administration  of  the  remedy  should 
continue  for  many  months,  the  patient  being  kept  prostrate  in  bed  during 
the  whole  time. 

Gonorrhceal  rheumatism  is  benefited,  according  to  Schiiller,  by  potas- 
sium iodide,  with  aspiration  of  the  joints  and  application  of  compresses 
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of  carbolised  water  (1  per  cent).  Acute  rheumatism  may,  it  is  said,  be 
relieved  by  combining  iodide  of  potassium  and  sodium  salicylate.  In 
acute  or  subacute  rheumatism  and  gout,  where  there  is  constipation,  the 
following  may  be  ordered : — Potassii  lodidi,  Potassii  Acetatis,  aa  3J-  drms. ; 
Extract!  Ehamni  Purshiame  Fluidi  (U.S.P.),  G-lycerini,  aa  1  fluid  oz. ;  Aquae 
Cinnamonii,  3  fluid  oz. 

Cerebro-spinal  meningitis,  when  treated  by  potassium  iodide  in  doses 
of  45  to  90  grs.  daily,  according  to  Walter,  seems  to  be  remarkably  con- 
trolled, the  remedy  acting  almost  like  a  specific.  It  may  be  advantage- 
ously combined  with  potassium  bromide.  This  reporter  also  advocates 
the  same  doses  in  acute  pneumonia ;  when  given  immediately  after 
the  initial  chill,  they  favourably  modify  the  disease,  and  hasten  the 
early  crisis.  In  broncho-pneumonia  occurring  during  measles,  moderate 
doses  of  potassium  iodide  rapidly  produce  amelioration.  In  catarrhal 
pneumonia,  especially  when  combined  with  the  chloride  of  ammonium 
in  rather  large  doses,  the  iodide  of  potassium  produces  free  expectoration, 
loosening  the  cough,  and  accelerating  recovery.  In  asthma  with  pulmonary 
emphysema,  both  during  the  paroxysm  and  in  the  intervals  between  the 
paroxysms,  especially  where  there  is  attendant  chronic  bronchitis,  very 
good  results  are  obtained  by  combining  a  small  proportion  with  expec- 
torants. Small  doses  of  iodide  of  potassium  frequently  repeated,  every 
hour  or  so,  are  of  great  service  in  the  early  stages  of  coryza  and  catarrh 
of  the  upper  air-passages.  Sneezing  is  said  to  be  relieved  by  10  gr. 
doses  three  times  a  day.  In  chronic  coryza,  Ringer  commends  small 
doses,  a  teaspoonful  every  hour,  of  a  solution  say  of  5  grs.  in  a  tumblerful, 
or  6  oz.,  of  water.  Some  cases  of  hay  fever  are  similarly  benefited,  and  an 
attack  of  acute  coryza  may  occasionally  be  aborted,  by  a  single  dose  of 
10  grs.  of  the  potassium  salt,  taken  at  night.  The  general  pains  attending 
"  a  cold,"  also  lumbago,  or  muscular  rheumatism,  may  be  relieved  by  iodide 
of  potassium,  combined  with  chloride  of  ammonium,  5  grs.  of  the  former 
and  20  grs.  of  the  latter,  given  every  two  or  three  hours. 

In  some  cases,  on  account  of  the  depressing  effects  of  potassium  on  the 
heart,  the  sodium  salt  may  be  substituted,  or,  where  its  stimulating  effects 
are  desired,  the  ammonium  iodide.  Some  patients  who  cannot  tolerate 
even  ordinary  doses  of  potassium  iodide,  can  take  the  other  salts  without 
the  symptoms  of  iodism  resulting.  It  is  advantageous  occasionally  to  sub- 
stitute one  of  the  others  for  the  potassium  salt,  or  they  may  be  combined 
in  one  prescription,  as  their  alterant  and  antisyphilitic  effects  are  about 
equal  to  each  other. 

When  the  iodides  are  prescribed,  patients  should  always  be  advised  as 
to  the  possibility  of  the  occurrence  of  iodism,  and  told  to  discontinue  the 
remedy  immediately  upon  the  appearance  of  the  symptoms,  and  to  report 
to  the  physician  for  further  instructions.  In  some  cases,  when  it  is 
desired  to  administer  the  iodide  of  potassium,  its  exhibition,  even  in  small 
doses,  may  occasion  coryza  or  excessive  flow  of  saliva,  especially  at  night, 
and  this  may  be  obviated,  and  the  remedy  continued  or  even  increased, 
by  giving  tincture  of  belladonna  (ten  drops)  two  or  three  times  during 
the  evening.  In  cases  where  it  is  not  well  tolerated  by  the  stomach,  it 
can  be  preceded  by  a  dose  of  bromide  of  potassium,  and  given  in  milk, 
or  it  may  be  administered  by  the  rectum,  or  the  iodised  starch  may  be 
substituted.  If  it  occasion  an  eruption  upon  the  skin,  the  compound 
iodine  solution,  or  syrup  of  hydriodic  acid,  may  be  prescribed  in  its  place. 

A  colourless  ointment  of  iodine  is  made  as  follows : — lodi,  20  grs. ; 
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Potassii  lodidi,  4  grs. ;  Sodii  Sulphitis,  40  grs. ;  Aqua-  q.s.  Hub  the  in- 
gredients with  the  water  until  the  solution  is  colourless ;  then  add  adeps 
benzoatus,  1  oz.  A  so-called  colourless  tincture  of  iodine  may  be  made 
by  adding  an  equal  quantity  of  strong  solution  of  ammonia  to  the  tincture, 
and  allowing  it  to  stand  for  a  day,  or  more,  occasionally  shaking,  in  order 
to  dissolve  any  precipitate  which  may  fall.  This  preparation,  however, 
is  not  simply  iodine  decolorised,  but  is  a  dilute  alcoholic  solution  of 
ammonium  iodide,  which  does  not  possess  the  counter-irritant  properties 
of  iodine.  By  combining  iodine  monochloride  with  fat,  "VVmternitz 
obtained  a  product  containing  equivalent  proportions  of  iodine  and 
chlorine.  After  giving  these  fats  to  animals,  iodine  was  found  to  be 
present  in  all  the  tissues  and  in  the  urine,  it  being  excreted  partly  as 
alkaline  iodides  and  partly  in  organic  combination.  This  may  form  an 
eligible  channel  for  the  administration  of  iodine  to  infants,  by  the  mouth 
or  by  the  skin. 

Poisoning  by  vegetable  alkaloids  and  their  salts,  and  by  other  vegetable 
poisons,  may  be  successfully  overcome  by  the  use  of  iodine  given  in  a 
very  dilute  form,  as  recommended  by  Bouchardat — Iodine,  3  grs. ;  potassium 
iodide,  30  grs. ;  and  distilled  water,  1 2  fluid  oz. ;  a  wineglassf  ul  to  be  given 
at  a  dose,  and  repeated  according  to  circumstances.  Bibron's  antidote  to 
snake-poison  is — Potassium  iodide,  4  grs. ;  corrosive  sublimate,  2  grs. ;  and 
bromine,  5  liuid  drms.  To  be  given  in  ten-drop  doses  in  wine  or  brandy. 

The  following  non-official  preparations  of  iodine  are  used : — 

IODOTHYKIN,  or  thyroidin,  is  considered  elsewhere  under  the  heading 
of  "  Organotherapy." 

ANTINOSIN  (which  is  the  trade-title  for  the  sodium  salt  of  nosophen,  or 
tetraiodo-phenolphthalein)  may  be  used  as  a  mouth-wash  in  2  per  cent, 
solution,  in  distilled  water,  for  the  treatment  of  mercurial  salivation. 
Squibb  advises  that  a  stronger  solution  be  made  with  glycerin,  which 
may  be  diluted  to  the  desired  extent  when  used.  It  is  also  similarly  used 
in  the  treatment  of  rhinitis  and  post-nasal  catarrh. 

SOZIODOL,  or  di-iodoparaphenol-sulphonate,  contains  55  per  cent,  of 
iodine,  20  of  phenol,  and  7  of  sulphur.  It  is  not  decomposed  in  the 
body.  It  only  can  be  employed  as  the  mercury,  zinc,  potassium,  or  sodium 
soziodolate.  These  salts  are  antiseptic  and  slightly  astringent.  The 
potassium  and  sodium  salts  are  not  toxic,  and  they  can  be  used  in  the 
treatment  of  nasal  catarrh,  in  tuberculous  ulceration  in  the  larynx,  and 
in  whooping-cough,  by  insufflation,  preferably  diluted,  or  triturated  with 
an  equal  quantity  of  sugar  of  milk.  Schwarz  gave  2  grms.  of  the  sodium 
soziodolate  daily  to  a  diabetic  patient,  with  the  best  results.  In 
ophthalmia  purulenta  and  neonatorum,  a  5  per  cent,  solution  makes  a  good 
collyrium,  and  the  same  solution  is  useful  in  a  spray,  for  treatment  of 
hypertrophic  rhinitis  and  ozrena.  A  4  per  cent,  plaster  of  mercury 
soziodolate  (or  its  ointment  with  lanolin)  has  been  recommended  for 
venereal  ulcers,  syphilitic  skin  lesions,  parasitic  affections,  and  cracked 
nipples.  A  combination  of  potassium  soziodolate  with  talc,  or  bismuth  sub- 
nitrate,  may  be  employed  as  a  dusting  powder  in  place  of  iodoform,  after 
surgical  operations. 

IODOL,  or  tetraiodo-pyrol,  is  a  compound  which  contains  90  per  cent, 
of  iodine.  It  is  a  grey  powder,  darkening  on  exposure  to  light,  insoluble, 
or  nearly  so,  in  water.  Like  iodoform,  it  is  decomposed  by  the  secretions 
in  passing  through  the  body.  It  is  free  from  odour,  and  is  not  toxic  in 
doses  of  2  or  3  grms.  per  diem,  and  is  said  not  to  cause  stomatitis  or  nasal 
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catarrh.  Its  prolonged  administration  may  cause  fatal  fatty  degeneration 
of  the  internal  organs,  as  shown  by  physiological  experiment.  lodol  has 
been  used  as  a  substitute  for  iodoform  as  a  dusting  powder,  and  in  oint- 
ment (10  per  cent.)  it  has  been  substituted  for  the  iodine  preparations. 

AUISTOL,  or  dithymol-di-iodide  (the  precipitate  obtained  by  adding  a 
solution  of  iodine  and  potassium  iodide  to  an  aqueous  solution  of  sodic 
hydrate),  is  a  red-brown,  almost  colourless,  amorphous  substance,  con- 
taining about  45 '8  per  cent,  of  iodine.  It  is  a  valuable  antiseptic  and 
cicatrising  agent  for  wounds,  and  may  be  employed  as  a  dusting  powder, 
or  as  an  ointment  (V  drm.  to  1  oz.). 

The  iodides  of  potassium,  sodium,  or  lithium  may  be  introduced  into 
the  circulation  by  cataphoresis  (see  article  on  "  Electricity  ") ;  the  method 
of  administration  being  to  moisten  a  piece  of  absorbent  cotton  with  a 
watery  solution  of  the  salt,  and  lay  it  on  the  place  selected;  then  the 
negative  electrode  is  brought  in  contact  with  it,  the  positive  being  placed 
on  some  other  portion  of  the  surface  of  the  body.  The  electrodes  may 
each  be  covered  with  absorbent  cotton,  and  both  wet  with  the  solution,  in 
which  case  the  current  may  be  reversed  from  time  to  time,  or  one  of 
Munk's  tubes  may  be  employed  as  the  terminal  of  an  electrode.  A 
current  of  3  to  5  milliamperes  may  be  maintained  for  ten  to  fifteen 
minutes.  Iodine  soon  appears  in  the  urine,  showing  its  passage  through 
the  skin  into  the  blood. 
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IODOFOKM. 

(B.P.  AND  U.S. P.) 

IODOFOKM  should  contain  about  97  per  cent,  of  iodine,  but  many  speci- 
mens in  the  market  contain  much  less  than  this,  as  the  drug  is  often 
adulterated  by  the  addition  of  picric  acid  and  other  substances. 

For  internal  administration,  iodoform  is  most  conveniently  made  into 
pill  or  capsule,  or  it  may  be  prescribed  with  about  twenty  times  its  weight 
of  mucilage  of  acacia,  so  that  it  may  be  administered  in  water. 

By  steeping  absorbent  cotton  in  a  7i  per  cent,  solution  of  iodoform, 
iodoform  cotton  (not  official)  is  obtained.  Iodoform  gauze  may  be  prepared 
in  the  same  way.  As  supplied  by  different  manufacturers,  it  may  contain 
a  very  variable  proportion  of  the  drug. 

Pharmacology. — Iodoform  is  a  local  anodyne,  antiseptic,  and  cica- 
trising agent.  Although  very  slightly  soluble  in  water,  it  dissolves  slowly 
in  the  secretions  from  wounds ;  by  which  it  is  partially  decomposed,  liber- 
ating iodine,  and  thus  producing  a  bactericidal  effect.  When  used  to 
excess,  as  a  dusting  powder  to  wounds,  also  when  introduced  into  the 
body  by  the  mouth,  or  by  suppository,  or  by  inunction,  it  is  capable  of 
producing  toxic  effects  and  even  death. 
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Toxicology. — lodoform  poisoning  may  be  (1)  acute  or  (2)  chronic.  In 
the  acute  form  there  is  sudden  rise  of  temperature,  rapid  pulse,  vertigo,  head- 
ache, vomiting,  sleeplessness,  delirium,  possibly  mania  or  mental  depression  ; 
the  patient  wastes,  and  may  speedily  die  of  coma,  or  of  exhaustion.  In  the 
chronic  form,  the  prominent  symptoms  are  headache,  disordered  stomach, 
slight  fever,  dilated  pupils,  great  prostration  of  physical  powers,  and  de- 
pression of  spirits,  with  mental  duluess  or  apathy  and  weakness. 

In  the  treatment  of  the  acute  form  of  poisoning,  the  first  indication  is 
to  remove  the  dressings  and  wash  the  wounds  free  from  iodoform,  or,  if  it 
has  been  administered  by  the  stomach,  to  give  a  quickly  acting  emetic  or 
purgative,  followed  by  diluents.  In  the  more  chronic  form,  stimulants  may 
be  judiciously  administered  by  the  mouth  or  hypodermically,  and  the  action 
of  the  heart  sustained  by  strychnine,  caffeine,  strophanthus,  or  digitalis.  In 
cases  where  there  is  great  restlessness,  potassium  bromide  should  be  given, 
or  hypodermics  of  morphine  may  be  required.  Potassium  bicarbonate  in 
moderate  doses  (10  grs.  hourly)  may  be  given  as  a  chemical  antidote. 

Various  diseases  of  the  skin  may  be  excited — purpura,  urticaria,  or 
dermatitis,  followed  by  vesiculation,  or  free  desquaination.  These  results 
sometimes  follow  the  use  of  ordinary  amounts  of  iodoform  as  a  dusting 
powTder.  It  is  evident,  therefore,  that  an  idiosyncrasy  against  iodoform 
exists  in  some  persons,  and  on  this  account  it  should  be  used  sparingly  or 
in  a  quantity  of  not  more  than  a  drachm,  at  first,  and  never  in  combination 
with  carbolic  acid.  Fresh  wounds  are  more  liable  than  granulating  sur- 
faces to  absorb  the  drug  and  cause  poisoning,  which  is  also  more  likely  to 
occur  in  children  than  adults.  For  the  purpose  of  overcoming  or  removing 
the  peculiar  disagreeable  odour  of  iodoform,  various  forms  of  combination 
with  other  substances  have  been  advised. 

When  iodoform  is  triturated  with  1  or  2  per  cent,  of  creolin,  a  light 
brown  powder  results,  having  only  a  faint  aromatic  odour.  This  has  been 
used  by  v.  Jaksch  to  fulfil  all  the  indications  for  which  iodoform  is 
usually  employed.  A  mixture  of  iodoform  (20  parts),  boric  acid  (30 
parts),  naphtaline  (50  parts),  with  oil  of  bergamot  to  mask  the  odour, 
forms  a  good  substitute  for  iodoform.  Lindermann's  mixture  is  also  a 
good  formula.  lodoform  (1  part),  balsam  of  Peru  (3  parts),  and  paraffin  oint- 
ment (8  parts),  or,  instead  of  paraffin,  12  parts  of  alcohol,  glycerin,  or 
collodion  may  be  used.  The  odour  of  iodoform  may  be  removed  from  the 
hands  by  a  watery  solution  of  tannic  acid,  or  by  the  use  of  fiax  seed 
meal,  or  soap  liniment.  Chloroform  and  ether  are  solvents  of  iodoform, 
and  may  also  be  employed  to  remove  the  odour  from  the  hands  or  the 
clothing.  Eecently  an  "  odourless  "  iodoform  has  been  introduced,  which 
chemically  differs  slightly  from  ordinary  iodoforms,  but  appears  to  have 
the  same  physical  characters,  except  odour,  and  has  been  found  useful  in 
surgery  for  the  same  purposes.  Di-iodoform,  or  carbon-iodide,  is  a  yellow 
substance,  almost  free  from  odour,  containing  95  per  cent,  of  iodine.  It 
is  used  for  the  same  purposes  as  iodoform. 

Therapeutics. — lodoform  is  not  only  a  cicatrising  agent  and  a  local 
disinfectant,  but  it  also  is  anodyne  and,  as  a  rule,  not  at  all  irritating. 
Used  either  as  a  dusting  powder  or  as  the  ointment,  it  is  valuable  both 
for  recent  wounds  and  for  granulating  surfaces,  especially  syphilitic  or 
scrofulous  ulcers.  In  the  ulcerating  stage  of  lupus  vulgaris  it  is  useful, 
especially  after  curettement  has  been  performed.  The  ointment  has  been 
employed  in  eczema  and  in  prurigo.  In  carcinoma  of  the  breast,  the 
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pain  may  be  relieved  by  iodoform  ;  in  sloughing  cancer  of  the  uterus, 
it  may  be  used  as  a  vaginal  suppository,  containing  1  grm.  or  less  of 
iodoform  in  each.  In  painful  affections  of  the  rectum,  such  as  fissure  or 
piles,  iodoform  may  be  used  as  a  dusting  powder  or  ointment;  and  in 
prostatitis,  suppositories  containing  from  3  to  5  grs.  of  the  drug  may  be 
introduced  into  the  rectum.  A  mixture  of  iodoform  (1  part),  oil  of  sweet 
almonds  (6  parts),  may  be  used  as  an  injection  into  the  urethra  in 
gonorrho?a,  gleet,  or  cystitis.  The  following  formula  is  recommended  by 
Frey  and  v.  Mosetig-Moorhof :- — Iodoform  (50  parts),  glycerin  (40)  dis- 
tilled water  (10),  and  tragacanth  (£),  rubbed  together  into  a  sort  of 
emulsion,  of  which  a  tablespoonful  is  to  be  added  to  a  pint  of  warm  water 
and  thoroughly  mixed,  after  which  it  is  to  be  injected  into  the  bladder. 
The  treatment  is  repeated  twice  a  week,  after  preliminary  washing  out  of 
the  bladder.  Iodoform  gelatin  bougies  may  be  employed  with  advantage 
in  chronic  gonorrhrea  or  in  gleet.  The  pain  and  swelling  of  acute  orchitis 
are  diminished  by  applications  of  iodoform  ointment  and  elevation  of  the 
affected  organ. 

For  chronic  rhinitis,  ozeena,  and  syphilitic  lesions  of  the  nose,  an  oint- 
ment containing  iodoform,  or  a  powder  of  this  with  boric  acid,  may  be 
introduced  with  satisfactory  results.  In  ulcers  of  the  larynx,  an  ethereal 
solution  of  iodoform  (1  to  4)  may  be  applied,  with  the  aid  of  the  laryngo- 
scope ;  this  solution  must  be  kept  in  dark  red  glass  bottles  and  not  exposed 
to  the  light.  Finely  pulverised  iodoform  may  be  insufflated  into  the 
larynx  in  similar  cases,  also  in  tuberculosis  of  the  larynx.  Iodoform  and 
tannin  triturated  together  have  been  used  locally  for  post-nasal  catarrh, 
after  preliminary  cleansing  by  irrigation  or  spray.  Billroth's  emulsion 
of  iodoform  consists  of  a  10  per  cent,  solution,  or  mixture,  with  glycerin. 
This  is  used  as  an  injection  in  the  treatment  of  tuberculous  and  scrofulous 
or  "  cold  "  abscesses,  and  in  caries  of  the  joints.  After  evacuating  the 
abscess,  or  removing  all  carious  or  necrosed  bone,  the  inner  surface  of  the 
pyogenic  membrane  is  to  be  rubbed  well  with  iodoform  gauze,  and  the 
wound  brought  together  with  ligatures,  except  at  one  point  where  the 
syringe  is  introduced  and  the  cavity  filled  with  the  so-called  emulsion. 
This  method  has  been  successfully  used  by  Professor  Billroth,  who  has 
also  employed  it  in  the  treatment  of  echinococcus  cysts,  but  who  also  has 
warned  us  that  its  excessive  use  may  cause  poisoning.  A  similar  mixture, 
consisting  of  iodoform  dissolved  in  olive-oil  and  ether,  has  been  found 
useful  in  the  treatment  of  cystic  goitre. 

Venereal  sores  and  phagedsena  may  be  treated  by  an  application  of  a 
dressing  composed  of  iodoform  1  drm.,  camphorated  oil  \  fluid  drm., 
salicylic  acid  \  drm.,  with  enough  starch  to  make  a  stiff  paste.  Iodoform 
gauze  is  freely  used  by  surgeons  for  packing  sinuses  and  cavities,  and 
also  as  a  dressing  for  wounds  and  for  drainage.  Wicking,  impregnated 
with  iodoform,  is  also  used  for  the  drainage  of  wounds.  In  cases  of 
haemorrhage  from  the  uterus,  threatened  abortion,  or  placenta  prsevia, 
resort  may  be  had  to  packing  the  vagina  with  iodoform  gauze,  which  is 
also  applied  after  operating  upon  the  uterus.  By  surgeons,  iodoform 
gauze  is  largely  used  after  rectal  operations  and  for  stopping  haemorrhage 
by  pressure  in  deep  incised  wounds.  In  obstinate  epistaxis  and  for  the 
prevention  of  bleeding  after  operations  upon  the  nasal  septum,  the  nasal 
chamber  may  be  packed  with  a  long  ribbon  of  iodoform  gauze,  making 
pressure  upon  the  bleeding  point,  thus  obviating  the  necessity  of  plugging 
the  posterior  nares. 


THERAPE  UTICS.  463 

In  the  treatment  of  fistuhe  and  abscess  cavities,  Eeynier  employs  a 
mixture  of  salol  and  iodoforrn,  which  is  liquefied  by  heat  and  injected 
into  small  sinuses,  or  applied  as  a  dressing  over  laparotomy  wounds. 
Burns  may  be  treated  by  clipping  the  bulltv,  washing  the  surface  with 
normal  salt  solution,  or  a  weak  solution  of  sodium  bicarbonate,  and 
applying  ointment  of  iodoform,  or  a  dry  dressing  of  iodoform  gauze, 
covered  with  oiled  silk. 

Erysipelas  has  been  successfully  controlled  with  ointment  of  iodoform, 
the  application  being  extended  beyond  the  affected  area,  so  as  to  include 
a  zone  of  2  or  3  in.  of  healthy  skin.  It  has  also  been  suggested  to  treat 
this  disease  with  iodoform  collodion  (12-^  per  cent.),  painted  over  the 
parts  concerned.  In  malignant  pustule,  the  hypodermic  injection  of  a 

10  per  cent,  ethereal  solution  of  iodoform  into  the  base  of  the  tumour 
has  been  practised  successfully  by  Whitehead,  Einanpoli,  and  others.     In 
the  aphthous  vulvitis  of  children,  iodoform  may  be  dusted  freely  on  the 
parts,  and  the  labia  kept  separated  by  a  compress  of  lint  or  iodoform  gauze. 

Iodoform  has  been  used  successfully  in  gastro-intestinal  catarrh  and 
dysentery,  especially  in  combination  with  opium.  In  catarrhal  jaundice 
and  the  early  stage  of  hepatic  cirrhosis,  iodoform  has  been  employed, 
where  potassium  iodide  could  not  be  taken.  Moleschott  and  Bizzolo  have 
reported  favourably  on  the  treatment  of  diabetes  with  iodoform,  in  daily 
doses  of  8  grs.  (0'50  grms.).  Intestinal  parasites,  taenia  and  ascarides, 
have  been  found  to  abandon  their  host  under  the  influence  of  small  doses 
of  iodoform  repeated  several  times  daily.  In  gastralgia  and  gastric  ulcer, 
iodoform,  given  in  impalpable  powder,  may  be  followed  by  marked  relief. 
For  the  pains  of  litheemia,  of  muscular  rheumatism  so  called,  iodoform 
has  in  some  instances  proved  its  efficiency.  It  is  also  one  of  the  vaunted 
remedies  for  obesity. 

In  pulmonary  phthisis,  iodoform  has  been  successfully  employed,  and 
experiment  has  shown  its  destructive  effect  upon  the  Bacillus  tuberculosis. 
It  is  to  be  given  in  pill  or  capsule  (2  to  5  grs.),  in  combination  with  extract 
of  gentian,  or  other  tonic.  It  may  be  administered  dissolved  in  cod-liver 

011  in  some  cases.     The  mixture  of  iodoform  (1  to  100)  in  oil  of  sweet 
almonds  has  been  administered  hypodermically  in  bronchitis  of  phthisical 
patients,  by  Gavoy  (15  minims  being  injected  twice  daily),  with  asserted  good 
results.     In  such  cases,  inhalations  of  iodoform  and  oil  of  turpentine  (1  to 
8),  three  to  five  drops  being  placed  in  the  steam  inhaler,  have  given  good 
results  ;  volatile  oil  of  camphor  may  be  substituted  for  the  oil  of  turpen- 
tine.    In  spasmodic  cough,  as  in  whooping-cough,  iodoform  sprinkled  upon 
the  child's  clothing,  or  on  a  pad  worn  around  the  neck,  may  modify  the 
paroxysms  and  shorten  the  disease.      The   anodyne  effects  produced  by 
iodoform  have  been  utilised   in    the    treatment   of   neuralgia    of  various 
portions  of  the  body.     Especially  in  neuralgia  of  the  rectum  and  prostate, 
is  iodoform  valuable,  in  the  form  of  suppository. 

Iodoform  is  of  great  value  in  otorrhrea,  especially  where  there  is  per- 
foration of  the  tympanic  membrane,  and  it  may  be  combined  with  boric 
acid  for  insufflation,  or  applied  in  the  form  of  ointment.  In  cases  of  great 
hyperaesthesia  of  the  canal,  the  anodyne  and  sedative  effects  of  this  agent 
are  highly  useful.  In  purulent  ophthalmia,  after  proper  cleansing  and  the 
use  of  physostigmine,  or  other  appropriate  measures,  finely  powdered 
iodoform  may  be  dusted  on  the  conjunctiva,  or  the  ointment  made  with  soft 
paraffin  ointment  applied.  After  operations  upon  the  eyelids,  it  is  the 
habit  of  some  surgeons  to  dust  the  surface  freely  with  iodoform. 
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ANTISEPTICS. 

ANTISEPTICS  are  much  more  used  in  surgery  than  medicine.  Their  surgical 
use  is  beyond  the  scope  of  this  work.  Many,  e.g.  perchloride  of  mercury 
and  iodine,  are  described  elsewhere.  Here  an  account  will  be  given  of 
some  which  owe  their  employment  in  medicine  to  their  antiseptic  properties 
when  given  internally.  Only  their  internal  employment  will  be  dealt  with, 
and  the  general  principles  which  should  guide  in  the  use  of  antiseptics 
in  medicine  will  be  considered. 

CAKBOLIC  ACID,  SULPHOCAKBOLATES,  CHLORINE,  CREOSOTE,  GUAIACOL, 
NAPHTHOL,  NAPHTHALIN,  FORMALIN,  UROTROPINE. 

These  remedies,  although  differing  widely  chemically,  may  be  con- 
sidered together  as  "  antiseptics,"  i.e.  as  remedies  preventing  or  stopping 
the  growth  of  bacteria.  The  action  of  some  of  them  as  "  deodorants " 
is  trivial  from  the  point  of  view  of  therapeutics.  Their  action  as  "  dis- 
infectants," i.e.  as  affecting  the  germs  of  disease,  comes  under  the  first 
action  as  antiseptics.  Besides  these  actions,  some  produce  other  effects, 
mainly  on  the  nervous  system,  which  are  of  importance  in  the  treat- 
ment of  disease.  (For  their  therapeutic  uses,  see  p.  467.) 

ACIDUM  CARBOLICUM. 

(B.P.    AND    U.S. P.) 

Carbolic  acid,  phenol,  or  phenyl-alcohol,  may  be  prescribed  in  doses  of 
1  to  3  grs.,  either  in  form  of  pills,  or  better  as  the  Glycerinum,  official  B.P. 
and  U.S.P.  (1  in  5),  in  doses  of  5  to  10  minims.  It  may  be  used  in 
suppository  (B.P.)  (1  gr.  in  each),  or  in  ointment  (B.P.)  (1  in  19).  There 
is  an  Acidum  Carbolicum  Liquefactum  (B.P.),  strength  1  in  10,  dose  1  to  3 
minims,  and  an  Acidum  Carbolicum  Crudum  (U.S.P. ). 

Pharmacology. — The  action  of  carbolic  acid  is  very  powerful.  It 
forms  a  firm  compound  with  albumin,  which  it  precipitates  from  solution. 
When  present  to  the  amount  of  0-5  per  cent.,  it  prevents  for  some  time  the 
growth  of  air  bacteria  in  a  solution  ;  in  stronger  proportion  it  kills  bacteria 
present  in  a  watery  liquid,  as  well  as  prevents  their  further  development. 
Locally  applied  to  the  skin  or  mucous  membrane,  it  has  at  first  an  irritant 
action,  and  in  strong  solution  acts  as  a  caustic ;  its  most  important  thera- 
peutical effect  is,  however,  the  local  anaesthesia  it  produces  when  applied 
either  in  weak  or  in  strong  solution.  These  two  actions  are  of  use  in  the 
treatment  of  disease ;  its  stimulating  action  being  of  use  in  the  treatment 
of  "  indolent "  ulcers,  and  its  anaesthetic  action  being  useful  in  the  treat- 
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nient  of  itching,  cough,  and,  in  some  cases,  pain.  The  well-marked  effect  of 
the  drug  on  the  central  nervous  system  is  not  the  object  of  its  medicinal 
application.  It  is  solely  utilised  for  its  local  sedative  and  stimulating 
action,  and  for  its  antiseptic  properties. 

Toxicology.  — The  poisonous  effects  of  carbolic  acid  are  observed  mainly 
in  the  central  nervous  system ;  the  main  symptoms  seen  being  intense 
bodily  weakness,  delirium,  convulsions,  and  coma  with  greatly  contracted 
pupils.  There  are  associated  with  these  symptoms  those  of  local  irritation 
of  the  mouth,  gullet,  and  stomach,  caused  by  contact  with  the  swallowed 
poison.  In  severe  poisoning  the  coagulability  of  the  blood  is  greatly  dimin- 
ished. Death  ensues  from  paralysis  of  the  centres  in  the  medulla,  and 
mainly  the  respiratory  centre.  When  poisoning  results  from  the  surgical 
or  medicinal  use  of  carbolic  acid,  the  symptoms  are  not  so  pronounced, 
and  are  mainly  limited  to  prostration,  with  a  tendency  to  delirium  and 
carboluria.  The  passage  of  dark-coloured  urine,  or  of  urine  which  becomes 
dark-coloured  on  exposure  to  the  air  (i.e.  when  it  becomes  alkaline),  is 
usually  referred  to  as  carboluria.  Carbolic  acid  is  passed  out  of  the  body  in 
the  urine  in  combination  with  sulphuric  acid,  but  also  as  by-products,  one 
of  which,  hydroquinone,  becomes  darkened  in  the  presence  of  alkalies  and 
on  exposure  to  the  air.  The  presence  of  carboluria  indicates  a  cessation  of 
the  use  or  the  administration  of  carbolic  acid,  even  if  no  pronounced  symp- 
toms of  poisoning  are  present. 

Treatment. — Wash  out  the  stomach,  give  apomorphine  subcutaneously. 
Chalk,  saccharated  lime,  or  a  soluble  sulphate,  to  form  an  insoluble  sulpho- 
carbolate,  by  the  mouth.  Ether,  brandy,  and  warmth  for  collapse. 

Certain  combinations  of  carbolic  acid  have  been  recommended  as  useful 
as  internal  antiseptics,  but  with  a  milder  action. 

SODIUM  SULPHOCAKBOLATE  (B.P.  and  U.S.P.)  is  given  in  5  to  15  gr. 
doses  as  a  gastric  antiseptic. 

ZINC-SULPHOCARBOLATE  (B.P.),  in  the  strength  of  2  to  3  grs.  to  the  oz., 
is  used  as  an  injection  in  gonorrhoea. 

BROMAL,  not  official  (tribromophenol),  is  a  caustic  and  disinfectant.  It 
is  used  locally  in  glycerin  solution  (1  in  30),  or  in  doses  of  |  to  2  grs.  as 
an  intestinal  antiseptic.  An  insoluble  combination  of  bromal  and  oxide 
of  bismuth,  TEIBROMOPHENOL-BISMUTH  (xeroform),  is  given  in  doses  of  5  to 
20  grs.  as  an  intestinal  antiseptic. 

PHENOL-BISMUTH  is  also  insoluble,  and  is  given  in  doses  of  10  to  30  grs. 
for  a  similar  effect.  It  is  said  not  to  cause  carboluria,  a  statement  which  is 
probably  correct,  owing  to  the  insoluble  nature  of  the  drug. 

CHLORINE. 

Calx  Chlorinata  (B.P.),  Liquor  Calcis  Chlorinatse  (B.P.),  and  Liquor  Sodaj 
Chlorinates  (B.P.),  and  Aqua  Chlori  (U.S.P.),  owe  their  medicinal  properties 
to  the  presence  of  free  chlorine.  The  Aqua  Chlori  (0'6  per  cent,  by 
weight)  is  an  unstable  preparation,  and  is  chiefly  used  externally ;  it  may, 
however,  be  given  in  doses  of  10  to  20  minims,  largely  diluted. 

Chlorinated  lime  is  reserved  for  external  application,  mixed  with  water, 
as  in  the  liquor,  or  for  inhalation.  The  solution  of  chlorinated  soda  is 
given  in  doses  of  10  to  20  minims. 

Pharmacology. — In  its  action  chlorine  has  a  powerful  effect  both  on 
bacteria  and  on  unorganised  (digestive)  ferments.  A  freshly  made  solution 
of  chlorine  is  fatal  to  bacteria,  and  kills  the  spores  of  anthrax  in  a  few  days  ; 
3° 
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a  5  per  cent,  mixture  of  chloride  of  lime  and  water  has  a  similar  effect. 
Chlorine  in  very  dilute  solution  completely  stops  the  action  of  diastatic 
ferments  (malt  diastase,  and  ptyalin)  as  well  as  that  of  pepsin,  when  the 
experiments  are  done  in  vitro.  Whether  it  acts  on  the  stomach  in  this  way 
to  any  great  extent  is  a  matter  of  doubt.  If  taken  after  food,  as  it  is  usually 
prescribed,  the  chlorine  readily  combines  with  the  albuminous  substances 
present,  and  even  in  that  loose  combination  will  not  have  any  deterrent 
effect  on  the  chemical  processes  of  digestion.  Chlorine  cannot  exist  for  any 
length  of  time  as  free  chlorine  in  the  gastro-intestinal  tract ;  and  long  before 
it  has  reached  the  end  of  the  small  intestine  it  has  been  changed  into  a 
chloride,  or  it  has  combined  with  the  albuminous  substances  present.  It 
is  highly  improbable,  therefore,  that  chlorine  can  exert  any  antiseptic  action 
on  the  intestinal  contents.  Chlorine  vapour  is  a  powerful  irritant  to  the 
respiratory  tract,  and  may  cause  death  in  this  way.  It  is  a  deodoriser,  the 
free  chlorine  being  an  active  agent  in  destroying  organic  matter. 

CREOSOTUM. 
(B.P.  AND  U.S. P.) 

Creosote  is  obtained  from  wood  tar  by  distillation ;  varieties  are 
obtained  from  both  pine  and  beech  wood,  and  all  contain  guaiacol  and 
creosol.  It  is  given  in  doses  of  1  to  5  minims,  but  this  may  be  gradually 
increased  up  to  40  minims  or  more.  It  is  given  in  capsule,  but  better  in 
pill  form ;  also  as  Mistura  Creosoti  (B.P.),  Aqua  Creosoti  (U.8.P.),  or  with 
cod-liver  oil  (1'5  per  cent.). 

It  is  an  antiseptic  and  deodorant,  and  when  absorbed  has  a  well-marked 
physiological  action,  causing  great  embarrassment  of  the  respiration  and 
weakness  of  the  heart's  action.  It  also  produces  giddiness  and  headache, 
and  has  a  powerful  irritant  action  when  swallowed,  causing  a  burning 
sensation,  with  nausea,  vomiting,  and  diarrhoea.  It  has  not  the  profound 
action  of  carbolic  acid  on  the  central  nervous  system. 

GUAIACOL. 

Guaiacol  is  usually  seen  as  a  liquid  obtained  from  beech  creosote, 
but  it  can  also  be  obtained  from  guaiacum  resin.  This  liquid  is  usually 
contaminated  with  creosote  or  cresylol.  Pure  guaiacol,  which  occurs  in 
colourless  crystals,  is  a  monomethyl  ether  of  pyrocatechin,and  can  be  made 
artificially  from  pyrocatechin  (C0H4(OH)2).  It  is  insoluble  in  water,  but 
is  dissolved  .by  oil,  alcohol,  ether,  and  glycerin.  The  fluid  is  given  in  doses 
of  ^  to  3  minims  in  capsules,  with  cod-liver  oil ;  in  a  mixture  with  water 
and  alcohol,  or  in  a  crumb  of  bread.  The  solid  guaiacol  is  given  in  the 
same  dose  in  a  cachet.  The  taste  of  guaiacol  is  nauseous  and  pungent,  and 
it  not  infrequently  gives  rise  to  disordered  digestion. 

GUAIACOL  CARBONATE  contains  over  90  per  cent,  of  guaiacol,  and  is  given 
in  cachets  in  3  to  8  gr.  doses,  as  it  is  insoluble  in  water.  It  is  decomposed 
in  the  stomach.  GUAIACOL  BENZOATE  (benzosol)  is  also  given  in  cachets  in 
doses  of  4 -to  12  grs.  It  is  used  also  in  5  per  cent,  solution  in  olive  oil. 

Guaiacol  was  introduced  as  a  substitute  for  creosote,  and  was  supposed 
to  be  more  suitable  for  continued  administration.  It  is  a  local  anaesthetic, 
but  is  not  used  for  this  purpose.  It  has  been  injected  subcutaneously  in 
phthisis,  but  the  procedure  is  dangerous  and  may  lead  to  serious  collapse. 
In  its  general  physiological  action  guaiacol  is  like  creosote,  an  irritant  to 
the  mucous  membrane  and  a  cardiac  depressant. 
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NAPHTHOL. 
(B.P.  AND  U.S. P.) 

Naphthol,  or  more  properly  /3-naphthol,  or  /3-mono-hydroxy-naph- 
thalene,  is  given  ill  3  to  10  gr.  doses  in  cachets,  as  it  is  insoluble  in  water. 
It  is  soluble  in  olive  oil  (1  in  8) ;  and  may  be  applied  in  an  ointment  (15 
per  cent.).  It  has  been  introduced  as  an  internal  antiseptic  and  for  the 
skin.  BENZO-NAPHTHOL  is  given  in  doses  of  6  grs.  as  an  intestinal  antiseptic. 
A  salicylate  salt  has  also  been  recommended. 

NAPHTIIALIN. 

(U.S.  P.) 

This  hydrocarbon  (C10H8)  is  commonly  called  tar  camphor.  It  is  rarely 
given,  but  has  been  used  in  dose  of  3  to  6  grs.  as  an  anthelmintic.  It,  on 
account  of  its  odour,  prevents  the  ravages  of  moths  in  furs. 

FOKMALIN. 

Formic  aldehyde  is  employed  in  an  aqueous  solution,  containing  about 
35  per  cent.,  which  is  called  formalin.  This  solution  is  a  powerful  anti- 
septic, and  has  been  used  in  1  to  2  per  cent,  solution  as  a  spray  for  disin- 
fecting rooms.  It  precipitates  and  coagulates  albuminous  fluids. 

UROTROPINE. 

This  is  a  body  formed  by  the  action  of  ammonia  on  formalin.  It  is 
soluble  in  water,  and  10  grs'.  may  be  given  thrice  daily. 

Therapeutics. — The  therapeutical  action  of  this  group  of  remedies 
is  best  described  under  their  local  application  in  diseases  of  the  skin  and 
mucous  membranes,  and  under  their  action  when  administered  internally. 
The  main  effects  desired  to  be  produced  by  them  are,  both  locally  and 
generally,  an  antiseptic  as  well  as  a  sedative  (anaesthetic)  action. 

Conditions  of  the  skin. — For  the  relief  of  the  itching  in  urticaria  and  in 
chronic  eczema,  carbolic  acid  is  frequently  of  great  service.  It  may  be 
employed  in  dilute  solutions  (1  in  60  to  100),  or  as  Liquor  Carboiiis 
Detergens  (1  drm.  to  10  oz.  of  water).  Ointment  of  /3-naphthol  is  also 
of  use  in  pruritus  ani,  for  which  also  carbolised  vaseline  may  be  employed. 
The  internal  administration  of  benzo-naphthol  is  also  said  to  relieve 
pruritus  ani.  In  scabies,  S-naphthol  ointment  has  proved  of  service ;  it  is 
not  readily  absorbed,  and  appears  to  act  only  locally.  In  ringworm  a 
solution  of  formalin  (1  to  2  per  cent.)  has  been  found  useful.  Creosote  in 
the  form  of  ointment  is  also  used  as  an  antiseptic  application  to  the  skin. 
For  open  sores  of  the  skin  which  have  a  foul  discharge,  a  dressing  of 
carbolic  acid  (1  in  60),  or  of  chlorine  water,  is  very  effectual  as  an  anti- 
septic and  as  a  stimulant  to  the  unhealthy  granulations. 

As  a  caustic,  pure  carbolic  acid  is  of  value  in  furuncles  and  in  post- 
mortem warts.  The  treatment  of  recurrent  boils  is  in  the  early  stage  to 
destroy  the  core  of  the  boil  with  carbolic  acid  on  the  end  of  a  fine  glass 
rod.  Post-mortem  warts  (verruca  necrogenica)  are  not  always  due  to  the 
same  infection;  they  are  characterised  by  a  number  of  small  foci  of 
suppuration  covered  by  a  great  thickening  of  the  epidermis,  and  sur- 
rounded by  an  increase  of  the  subdermal  connective  tissue.  The  small 
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pits  of  pus  are  covered  by  a  scab  or  by  thickened  epithelium ;  so  that 
unless  these  pits  are  exposed  and  the  pus  organisms  and  unhealthy  granula- 
tion tissue  destroyed,  the  process  goes  on  for  a  long  time,  it  may  be  months. 
They  may  be  excised  and  scraped,  or  treated  with  strong  caustics,  such 
as  acid  nitrate  of  mercury ;  but  all  these  modes  of  treatment  are  inferior 
to  the  one  described  below,  which  gives  the  best  results  with  the  least 
scarring.  As  much  of  the  thickened  epithelium  as  possible  is  to  be  removed 
by  a  knife,  but  without  causing  any  pain  or  bleeding;  the  rest  of  the 
thickened  epithelium  is  then  to  be  rubbed  down  with  a  piece  of  lint 
dipped  in  liquor  potassse.  This  process  opens  the  mouths  of  the  suppurat- 
ing pits,  and  the  potash  blackens  and  partly  destroys  the  superficial 
granulations.  It  causes  pain,  which  may  be  stopped  at  once  by  dipping 
the  finger  into  vinegar,  thus  neutralising  the  potash.  When  all  the  foci 
of  suppuration  are  exposed,  each  is  to  be  treated  with  pure  carbolic  acid 
on  a  fine  glass  rod,  which  must  be  pushed  right  to  the  bottom  of  the  pit, 
so  as  to  destroy  the  bacteria  and  the  granulations.  The  pain  is  only 
momentary,  as  the  carbolic  acid  destroys  the  nerve  endings.  The  wart 
may  now  be  covered  with  a  wet  dressing  for  twenty-four  hours,  and  then 
with  boric  acid  or  iodoform  ointment.  At  the  end  of  two  or  three  days 
the  process  may  have  to  be  repeated ;  but  if  it  is  done  with  care  the 
wart  may  be  completely  destroyed  at  two  or  three  sittings.  Complicated 
as  the  treatment  appears,  it  is  more  effectual  than  the  other  methods 
mentioned,  and  less  trouble  in  reality,  taking  a  shorter  time  than  the 
treatment  with  salicylic  acid  plaster  or  ointment. 

Conditions  of  the  mucous  membrane  of  the  nose  and  throat. — In  hay 
asthma  the  application  of  carbolic  acid  to  the  nose  as  a  glyceriuum  (1  in  10 
to  20)  is  said  to  be  of  service.  It  probably  acts  from  its  local  anaesthetic 
effect  like  cocaine,  and  may  be  used  in  some  cases  of  itching  of  the  nose. 
In  purulent  nasal  discharges,  whether  fetid  or  not,  dilute  carbolic  acid  or 
very  dilute  chlorine  water  may  be  used  as  a  wash.  A  useful  combination 
is  a  solution  of  one  grain  of  carbolic  acid  with  two  grains  each  of  bicar- 
bonate of  sodium  and  of  borax  to  the  ounce  of  water,  used  with  an 
irrigator.  A  similar  solution  is  of  use  in  subacute  or  acute  inflammations 
of  the  fauces  and  pharynx  (non-diphtheritic) ;  it  must  be  applied  fre- 
quently, every  two  to  four  hours,  and  by  means  of  a  hand  or  a  steam 
spray.  For  conditions  of  the  throat  in  which  there  is  putrefactive 
decomposition,  such  as  occur  both  in  acute  (septic)  tonsillitis  and  as  a 
complication  of  diphtheria,  this  spray  is  of  great  service  after  the  throat 
has  been  swabbed  with  glycerin  of  carbolic  acid  (1  in  20)  or  of  corrosive 
sublimate  (1  in  2000).  Chlorine  water  is  also  of  great  service  in  some  of 
these  conditions,  and  is  best  applied  on  a  cotton-wool  swab,  or  the  Liquor 
Sodae  Chlorinate  may  be  used  as  a  gargle  if  the  patient  be  old  enough  and 
be  in  a  fit  condition  to  gargle  effectively.  A  wash  (strong  hydrochloric 
acid,  5  minims ;  potassium  chlorate,  9  grs. ;  water,  1  fluid  oz.)  contains  free 
chlorine,  and  is  very  useful  for  syringing  the  fauces  and  nose  in  scarlet 
fever. 

As  inhalations,  carbolic  acid,  creosote,  and  chlorine  have  their  uses. 
Chlorine  may  be  given  in  the  form  of  Vapor  Chlori.  Carbolic  acid  in- 
halation is  of  service  in  diminishing  the  number  and  severity  of  the 
paroxyms  of  whooping-cough.  For  this  purpose  it  is  best  given  as  a  hot 
inhalation ;  one  teacupful  of  the  1  in  20  solution  being  mixed  with  4  or 
5  teacupfuls  of  boiling  water,  and  the  steam  inhaled  at  frequent  intervals 
during  the  day.  If  little  children  use  the  inhalation  it  is  best  done  in  a 
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jug  with  a  towel  fastened  round  the  mouth.  A  remedy  which  has  a  similar 
effect  is  the  vapour  of  cresolene,  which  by  means  of  heat  is  made  to  diffuse 
through  the  room.  If  this  is  done  during  the  night,  the  vapour  diminishes 
the  attacks,  which  are  often  more  severe  during  the  night  than  the  day. 
As  an  inhalation  in  chest  diseases,  both  carbolic  acid  and  chlorine  may 
be  used  in  pulmonary  tuberculosis,  chronic  bronchitis,  and  in  bronchiectasis. 
For  the  relief  of  cough,  carbolic  acid  may  be  employed  with  other  sedatives, 
such  as  chloroform,  in  some  such  mixture  as  the  following : — Chloroform,  10 
minims ;  glycerin  of  carbolic  acid,  2  drms.;  boiling  water  to  8  oz.,  to  make 
an  inhalation.  Creosote  may  be  employed  in  a  mixture  of  equal  parts  of 
creosote,  spirits  of  chloroform,  and  20  per  cent,  solution  of  menthol  in 
absolute  alcohol ;  10  to  20  minims  being  frequently  inhaled  from  a 
Coghill's  respirator.  Frequently  used,  these  inhalations  have  in  some  cases 
of  tuberculosis  and  chronic  bronchitis  a  most  beneficial  effect  in  relieving 
the  distressing  paroxysms  of  cough.  For  bronchiectasis  with  foul  sputum, 
carbolic  acid,  creosote,  and  chlorine  are  recommended  in  the  form  of 
inhalation ;  but  I  have  not  seen  any  marked  change  in  the  character  of  the 
expectoration  occur  from  their  use,  i.e.  they  seem  to  have  but  little  anti- 
septic action  when  used  in  this  way,  possibly  because  they  arrive  at  the 
focus  of  bacterial  growth  in  too  dilute  a  form.  Some  success  may,  however, 
follow  if  the  patient  be  systematically  treated  in  a  room  thoroughly  full  of 
creosote  vapour. 

The  creosote  chamber  in  use  at  the  Hospital  for  Consumption  at 
Brompton  is  9  ft.  6  in.  high,  about  the  same  wide,  and  19  ft.  long.  The 
number  of  patients  that  can  be  treated  in  it  is  from  1  to  7  or  8,  but  as  a 
rule  not  more  than  4  or  5  are  in  the  chamber  at  a  time.  The  vapour 
is  generated  from  an  ordinary  enamelled  frying-pan,  the  bottom  of  which 
is  just  covered  by  the  creosote;  the  heat  is  applied  by  a  rose  Bunseii 
burner,  regulated  so  that  the  vapour  is  generated  slowly.  The  form  of 
creosote  used  is  commercial  creosote.  The  patient's  eyes  are  protected 
from  the  vapour  by  watch-glasses  secured  by  ordinary  strapping,  all 
crevices  being  stopped  by  cotton-wool.  The  patients  are  kept  under 
observation  all  the  time,  and  remain  in  the  chamber  from  ten  minutes  to 
three-quarters  of  an  hour,  the  individual  tolerance  of  the  treatment  vary- 
ing very  much.  As  regards  the  results  of  the  treatment,  it  may  be  said 
to  be  in  many  cases  beneficial ;  it  causes  cough  and  the  expectoration  of  a 
large  amount  of  the  fetid  accumulation  in  the  cavity.  It  seems  probable, 
too,  from  some  of  the  results  that  have  been  observed,  that  repeated  treat- 
ment in  the  creosote  chamber  tends  to  diminish  bacterial  growth  in  the 
bronchiectatic  cavity. 

Efforts  have  been  made  to  introduce  antiseptic  remedies  into  the 
bronchial  tubes  by  intra-laryngeal  injections  of  oily  solutions,  in  cases  of 
tuberculosis  of  the  lungs  with  or  without  fetid  sputum,  and  in  cases  of 
bronchiectasis  with  fetid  expectoration.  The  injection  is  made  with  a 
proper  laryngeal  syringe,  and  the  liquid  must  be  injected  beyond  and  not 
above  the  vocal  cords.  If  this  is  done,  practically  no  distress  occurs.  The 
solution  I  have  used  is  one  of  5  per  cent,  menthol  and  5  per  cent,  benzosol, 
in  equal  parts ;  |  to  1  drm.  being  used  at  each  injection.  Such  a  solution 
as  this  undoubtedly  tends  to  relieve  cough,  but  I  have  not  seen  any 
markedly  good  results  in  tuberculosis  or  in  bronchiectasis. 

Internal  antiseptics.— The  remedies  under  consideration  are  frequently 
prescribed  as  "  internal "  antiseptics,  i.e.  as  drugs  affecting  the  growth  of 
bacteria  in  the  stomach  and  intestines,  in  the  lungs,  and  even  in  the  tissues 
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themselves.  It  is  necessary,  therefore,  to  discuss  not  only  the  results,  but 
the  rationale  of  such  treatment,  and  the  subject  will  be  considered  under 
the  headings  indicated. 

Stomach. — As  regards  the  stomach,  antiseptic  remedies  are  frequently 
given  when  there  is  no  bacterial  fermentation  present.     They  are  often  pre- 
scribed, for  example,  in  cases  of  hyperchlorhydria  with  flatulence,  in  which, 
owing  to  the  large  percentage  of  free  hydrochloric  acid  present,  no  bacterial 
fermentation  can  occur:  also  in  cases  of  ulcer  of  the  stomach,  in  which 
bacterial  fermentation  is  very  rare,  except  in  the  last  stages  of  the  disease, 
and  when  there  may  be  pyloric  obstruction  from  the  cicatrisation  of  an  old 
ulcer.     Even  in  myasthenia  (atony)  of  the  stomach,  bacterial  fermentation 
is  rare.      The  great  inhibiter  of  bacterial  growth  in  the  stomach  is  the 
hydrochloric  acid  which  is  secreted  in  the  gastric  juice.     It  is  therefore 
when  the  secretion  of  this  acid  is  greatly  diminished  that  a  multiplication 
of  the  bacteria  in  the  stomach  is  likely  to  occur ;  and  this  is  observed  in 
subacute  and  acute  catarrh,  in  atrophy  of  the  mucous  membrane  (a  rare 
condition),  and  in  pyloric  stenosis  due  usually  to  carcinoma,  but  also  to 
cicatrisation  of  an  ulcer  or  to  adhesions  around.     In  the  dilated  stomach 
that  follows  pyloric  stenosis,  bacterial  fermentation  frequently  occurs,  and 
for  this  antiseptic  remedies  are  given.     They  are  not,  as  a  rule,  the  best 
remedies  for  this  condition,  lavage,  when  it  is  well  borne,  being  much  more 
effectual ;  and  in  many  of  these  cases  an  operation,  either  for  dilating  the 
pylorus  or,  better  still,  for  making  an  anastomosis  between  the  stomach  and 
the  small  intestine  (gastro-enterostorny),  is   the  best  procedure.     When 
there  is  bacterial  fermentation,  carbolic  acid,  sulphocarbolate  of  sodium, 
S-naphthol,  creosote,  and  guaiacol  carbonate  have  been  given.     Carbolic  acid 
may  be  given  either  in  a  pill  (^  gr.)  or  in  glycerin  (5  to  10  minims)  in  an 
alkaline  mixture  containing  15  grs.  of  bicarbonate  of  sodium.     It  is  very 
doubtful  whether  this  amount  of  carbolic  acid,  mixed  as  it  is  with  two  or 
more  pints  of  stomach  contents,  has  any  appreciable  effect  in  counteracting 
bacterial  growth ;  the  dilution  is  too  great.     Carbolic  acid  does,  however, 
do  good  in  some  stomach  conditions,  notably  in  cases  of  hyperchlorhydria, 
for,  acting  as  a  sedative,  it  tends  to  diminish  the  excessive  secretion  of 
hydrochloric  acid.     Sulphocarbolate  of  sodium  is  said  to  act  in  the  same 
way,  only  to  a  less  extent,  but  I  have  never  been  able  to  discover  any 
marked   benefit   from   this   drug   in   stomach    conditions.      It    is    given 
with  an  alkali.     /3-naphthol  and  guaiacol  are  both  insoluble  and  irritant ; 
they  are  of  but  little  use.     Creosote  is  frequently  given  in  pill  form,  and 
in  some  cases  its  prolonged  administration  keeps  up  the  stomach  disorder. 
It  sometimes   relieves   vomiting.      None   of   these   remedies   appreciably 
diminish    the    activity    of    the    pepsin-hydrochloric    acid    fermentation. 
Chlorine  does  do   this,  and  may  be  useful  in  the  form  of  liquor  soda3 
chlorinate  in  bacterial  fermentation   in   the   stomach.      A   better   way, 
however,  to  accomplish  this  last  object  by  means  of  drugs  is  to  administer 
acids  in  the  form  of  dilute  nitrohydrochloric  or  hydrochloric  acid.     This 
is  only  admissible  if  the  stomach  contents  are  not  already  hyperacid  in 
consequence  of  the  presence  of  a  large  excess  of  organic  acids  (lactic  and 
butyric  chiefly).     Any  administration  of  acids  in  these  conditions  is  only 
adding  fuel  to  the  fire.     In  such  cases  resorcin  in  doses  of  4  or  5  grs.  may 
be  given ;  but  hyposulphite  of  sodium  in  doses  of  20  to  30  grs.  is  much 
more  serviceable,  and  is  probably  the  only  remedy  which  obviously  greatly 
diminishes  bacterial  fermentation  of  the  stomach  contents.     In  nearly  all 
cases,  lavage  of  the  organ  must  be  practised  in  addition  to  the  exhibition 
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of  drugs.  It  must  be  again  repeated  that  it  will  probably  be  found  that 
an  operative  procedure  will  in  many  cases  of  bacterial  fermentation 
associated  with  pyloric  stenosis  be  the  best  mode  of  treatment. 

Small  intestine. — In  the  small  intestine,  bacterial  fermentation  of  the 
contents  may  occur,  or  there  may  be  infection  of  the  walls  of  the  gut,  as 
occurs  in  typhoid  fever,  cholera,  and  some  forms  of  infective  diarrhoea. 
There  are  therefore  two  distinct  conditions  to  consider.  Normally  the 
bacteria  in  the  contents  of  the  small  gut  increase  somewhat  towards  the  ileo- 
czecal  valve,  but  not  to  the  extent  of  producing  putrefactive  decomposition  ; 
the  occurrence  of  this  would  lead  to  a  waste  of  the  digesting  food.  In  some 
forms  of  indigestion  of  food,  due  in  some  instances  to  irregularities  in  diet, 
but  in  others  to  the  presence  of  some  grave  general  disorder  (infective 
disease,  profound  anaemia,  or  malignant  disease),  excessive  bacterial  growth 
may  occur  in  the  intestinal  contents ;  and  for  this  condition  intestinal  anti- 
septics may  be  given.  Such  bacterial  fermentation  of  the  intestinal 
contents  may  occur  in  typhoid  fever,  in  which  there  is  also  the  specific 
infection  of  the  intestinal  wall.  In  the  treatment  of  such  bacterial 
fermentations  the  more  soluble  antiseptics  are  of  but  little  avail,  since 
they  probably  are  either  never  retained  in  the  intestine  sufficiently  long 
for  them  to  exert  their  action,  being  partly  absorbed,  or  they  combine  with 
the  albuminous  substances  present  and  are  thus  rendered  comparatively 
inert.  Carbolic  acid  or  chlorine  water  are  thus  of  but  little  use ;  although 
the  former  may  be  given  as  tribromophenol  in  doses  of  \  to  2  grs.,  or  of 
phenol-bismuth  in  doses  of  10  to  30  grs.  /3-naphthol  in  3  to  10  gr.  doses 
given  in  cachets  frequently  is  more  useful,  and  in  some  cases  it  has 
after  a  time  a  marked  effect  on  the  putrefaction  occurring  in  the  gut,  as 
shown  by  the  character  of  the  feces.  It  may  also  be  given  as  benxo- 
naphthol  in  6  gr.  doses.  Comparing  these  drugs  under  consideration  with 
others,  and  for  a  similar  purpose,  it  cannot  be  said  that  they  hold  a  high 
place  as  intestinal  antiseptics.  In  certain  conditions,  e.g.  the  presence  of 
worms  in  the  intestine  (especially  the  dochmius  duodenalis),  thymol,  an 
insoluble  but  volatile  antiseptic,  in  doses  of  5  to  10  grs.,  appears  to  be 
highly  beneficial.  In  some  cases  salol  appears  to  disinfect  the  intestinal 
contents,  although  its  action  in  this  respect  has  been  greatly  exaggerated. 
Salicylate  of  bismuth  is  also  a  weak  remedy  in  this  respect.  Frequent 
doses,  1  to  3  minims,  of  a  saturated  solution  of  camphor  in  absolute  alcohol 
are  more  effectual,  especially  in  severe  cases  of  summer  diarrhoea  in 
children ;  while  as  a  general  intestinal  antiseptic  in  children  there  is 
probably  no  remedy  equal  in  value  to  hydrargyrum  cum  creta  in  frequent 
doses  of  \  to  \  gr.  Animal  or  vegetable  charcoal  in  \  or  1  drm.  doses  is 
also  efficient,  but  it  has  the  disadvantage  of  being  taken  in  rather  large 
bulk,  and  of  tending  to  "  cake  "  in  the  intestine. 

The  administration  of  these  remedies  in  bacterial  decomposition  of  the 
intestinal  contents  is  a  different  proceeding  to  their  exhibition  for  the 
benefiting  of  an  infection  of  the  walls,  such  as  occurs  in  typhoid  fever. 
In  this  disease  the  ulcers  of  the  small  intestine  contain  the  typhoid 
bacillus,  as  well  as  the  spleen;  there  are  frequently  but  few  typhoid 
bacilli  to  be  found  in  the  motions  as  passed,  although  they  are  more 
frequently  found  in  the  urine.  It  would  therefore,  primd  facie,  appear 
useless  to  give  an  insoluble  intestinal  antiseptic  to  affect  the  bacilli  in  the 
ulcers.  The  antiseptic  cannot  get  at  them ;  still  less  can  it  affect  the 
bacilli  in  the  spleen.  Clinical  experience  bears  out  this  opinion;  the 
administration  of  these  insoluble  intestinal  antiseptics  in  typhoid  fever 
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does  not  appear  to  alleviate  the  symptoms  of  the  disease  nor  to  shorten 
its  course.  In  cholera,  for  which  these  remedies  are  sometimes  given,  the 
vihrio  is  not  so  widely  distributed  in  the  body  as  in  typhoid  fever  ;  but  the 
disease  itself  is  so  rapid  in  its  course  that  the  exhibition  of  slowly  acting 
intestinal  antiseptics  is  of  but  little  or  no  use.  In  the  diarrhoea  of  pul- 
monary tuberculosis,  due  to  ulceration  of  the  small  intestine,  these 
remedies  are  said  to  be  of  service,  and  more  especially  phenol-bismuth  and 
guaiacol-  benzoate. 

Large,  intestine. — In  the  large  intestine,  putrefactive  decomposition  of  the 
contents  occurs  as  the  result  of  a  similar  condition  in  the  small  gut,  but 
more  commonly  it  is  associated  with  organic  disease,  which  may  be  ob- 
struction due  to  a  stricture  of  the  gut  (malignant  or  not)  or  to  surrounding 
adhesions,  or  it  may  be  ulceration  of  the  mucous  membrane,  as  in  dysentery, 
ulcerative  colitis,  or  appendicitis.  As  a  rule,  if  the  putrefactive  decomposi- 
tion is  due  to  organic  obstruction  or  associated  with  appendicitis,  but  little 
good  is  done  by  intestinal  antiseptics  until  the  primary  condition  is  relieved 
by  a  surgical  operation.  In  the  putrefactive  decomposition  of  the  faeces  in 
infants  and  children,  which  usually  arises  from  indigestion  of  food  in  the 
small  intestine,  or  from  the  partaking  of  food  containing  a  large  number  of 
bacteria,  as  well  as  in  the  similar  condition  in  adults,  the  best  remedy 
is  mercury  and  chalk,  which  may  be  usefully  given  alternately  with 
/3-naphthol.  It  may  also  be  given  only  at  night,  the  S-naphthol  being 
given  during  the  day.  In  dysentery,  similar  treatment  is  not  infrequently 
beneficial  when  there  is  putrefactive  decomposition. 

Lungs. — In  diseases  of  the  lungs  these  remedies  are  frequently  given. 
Their  administration  by  means  of  the  air  passages  has  already  been  discussed. 
Both  in  pulmonary  tuberculosis  and  in  bronchiectasis  they  have  been 
administered  by  the  mouth  or  subcutaneously,  with  the  view  of  exerting 
bactericidal  action  on  the  tubercle  bacilli,  or  on  the  putrefying  mass  in 
the  bronchiectatic  cavities.  Creosote,  guaiacol  or  its  carbonate,  are  the 
remedies  usually  given.  The  subcutaneous  injection  of  guaiacol,  as  well 
as  of  other  strong  antiseptics,  for  the  treatment  of  these  conditions  is 
quite  inadmissible.  It  causes  too  much  pain  to  be  kept  up  long  enough 
for  any  good  result  to  ensue ;  and  in  the  case  of  guaiacol  it  may  lead  to 
dangerous  collapse. 

Creosote,  guaiacol  or  the  carbonate,  have  been  given  in  gradually 
increasing  doses  in  tuberculosis,  and  it  is  stated  that  thereby  the  patient 
has  improved,  the  cough  and  expectoration  with  the  number  of  tubercle 
bacilli  being  diminished.  From  observation  of  a  large  number  of  patients 
treated  with  guaiacol  and  guaiacol  carbonate,  I  have  not  been  able  to  bring 
forward  any  evidence  showing  that  the  prolonged  administration  of  these 
drugs  has  any  appreciable  influence  on  the  progress  of  the  tuberculosis  of 
the  lungs.  Some  patients  express  themselves  as  feeling  better  when 
taking  carbonate  of  guaiacol  and  creosote,  but  as  in  all  cases  this  treatment 
is  combined  with  general  hygienic  treatment,  it  is  difficult  to  ascribe  any 
particular  beneficial  effect  to  the  drug.  Guaiacol  (not  its  carbonate) 
is  useful  in  pulmonary  tuberculosis,  as  well  as  in  chronic  bronchitis  and 
bronchiectasis,  if  given  in  doses  of  2  or  3  minims  to  relieve  the  distress- 
ing paroxysms  of  cough  and  dyspnoea.  In  not  a  few  cases  it  succeeds  in 
giving  great  relief.  From  experience  with  the  administration  of  guaiacol 
and  creosote  in  pulmonary  tuberculosis,  I  have  come  to  the  conclusion 
that  it  is  practically  hopeless  to  attempt  to  influence  the  progress  of 
tuberculous  infection  by  the  internal  administration  of  such  antiseptics. 
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Urine. — There  are  many  drugs  which,  when  given  internally,  help  to 
prevent  decomposition  of  the  urine ;  such  are  benzoic  acid,  salicylic  acid, 
uva  ursi,  boracic  acid,  and  various  volatile  oils.  They  are  referred  to  in 
other  parts  of  this  work ;  but  one  of  the  drugs  now  being  considered, 
namely,  urotropine,  in  doses  of  10  to  15  grs.  three  or  four  times  daily,  has 
a  powerful  action  in  restraining  decomposition  of  the  urine,  and  is  there- 
fore used  with  advantage  in  those  diseases  in  which  the  urine  is  passed  in 
a  decomposed  state.  Not  only  does  it  check  ammoniacal  fermentation  of 
the  urine,  but  it  has  a  powerful  bactericidal  action  in  cases  of  bacilluria. 
It  has  been  shown  to  cause  the  disappearance  of  typhoid  bacilli  from  the 
urine,  and  to  be  useful  in  cases  of  cystitis  due  to  the  Bacillus  coli  com- 
munis. 
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ACIDUM  BOPJCUM. 

(B.P.   AND  U.S. P.) 

BESIDES  boric  acid,  sodium  pyroborate  is,  as  borax  (B.P.)  and  as  sodium 
borate  (U.S.P.),  also  official,  and  may  be  conveniently  considered  here. 

BORIC  ACID  is  found  native,  but  for  medicinal  purposes  it  is  usually 
prepared  from  borax.  The  commercial  acid  generally  contains  5  to  25  per 
cent,  of  foreign  matter.  When  pure  it  possesses  a  slightly  acid  and  bitter 
taste,  with  a  sweetish  after-taste ;  and  is  soluble  in  30  parts  of  cold  and  3 
of  boiling  water,  in  4  of  glycerin,  and  30  of  alcohol  (90  per  cent.). 

BORAX,  the  sodium  salt  of  pyroboric  acid,  is  found  native  as  tincal,  and 
may  be  prepared  from  boric  acid  or  boracite  (native  calcium  borate)  by  the  in- 
teraction of  sodium  carbonate.  It  is  "  soluble  in  twenty-five  times  its  weight 
of  cold  and  half  its  wreight  of  boiling  water  " :  it  is  insoluble  in  alcohol. 

Historical. — The  introduction  of  borax  into  commerce  is  unknown, 
but  it  is  undoubtedly  of  old  date.  The  name  is  said  to  be  derived  from 
the  Arabic  baurak.  The  acid  was  first  prepared  pure  by  Homberg 
(although  previously  obtained  by  Beecher)  in  1702,  and  was  introduced 
by  him  into  medicine  as  a  sedative,  anodyne,  and  antispasmodic  under 
the  name  of  the  sedative  salt  (sal  sedativum  Hombergi).  It  was  recom- 
mended as  a  substitute  for  opium,  and  during  the  last  century,  along 
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with  borax,  which  was  believed  to  possess  similar  properties,  was  largely 
used.  Cullen,  however,  obtained  no  effect  from  large  doses,  and  the  sedat- 
ive action  was  finally  exploded  by  Binswanger,  who  first  undertook  a 
systematic  investigation  of  these  compounds.  According  to  him,  boric 
acid  possesses  very  slight  physiological  properties,  and  borax  acts  on  the 
whole  like  carbonate  or  bicarbonate  of  sodium.  He  found  no  peculiar 
effect  on  the  nervous  system.  After  the  appearance  of  Binswanger's  thesis, 
the  use  of  these  drugs  declined.  They  were  reinstated  in  therapeutics  as 
antiseptics  some  twenty-five  years  ago. 

Pharmacology. — Antiseptic  action. — At  the  present  day  this  is 
regarded  as  the  most  important  pharmacological  action  of  boric  acid  and 
borax,  but  their  power  in  this  direction  is  small.  A  2i  per  cent,  solution 
of  boric  acid  prevents  the  growth  of  bacilli,  but  exposure  to  a  4  per  cent, 
solution  for  twenty-four  hours  does  not  hinder  their  subsequent  develop- 
ment. The  latter  is  the  strength  usually  used  in  the  treatment  of 
wounds. 

Boric  acid  is  also  used  for  preserving  foods.  An  idea  of  the  extent  of 
its  use  in  this  way  may  be  obtained  from  the  report  of  Dr.  Alfred  Hill,  the 
public  analyst  for  Birmingham,  for  the  three  years  ending  March  1899. 
In  882  samples  of  butter  and  margarine  examined,  35  per  cent,  contained 
boric  acid ;  and  out  of  twenty-four  samples,  of  bacon,  sausage,  and  other 
animal  foods,  fifteen  were  found  to  contain  the  same  preservative.  Experi- 
mentally it  has  been  found  that  animal  tissue  will  keep  fresh  eight  days  in 
\  per  cent,  solution,  eleven  days  in  1  per  cent.,  eighteen  days  in  2  per  cent., 
and  twenty-one  days  in  4  per  cent. ;  and  milk  is  said  to  be  preserved  some 
days  when  sufficient  boric  acid  is  added  to  make  a  O'l  to  0-2  per  cent, 
solution.  In  practice  more  than  this  is  often  used.  Thus  in  three  cases 
examined  on  one  day,  O3  per  cent,  was  found,  representing  over  26  grs.  of 
boric  acid  to  a  pint  of  milk.  The  effect  of  this  on  the  public  health  will  be 
referred  to  presently.  A  1  per  cent,  solution  of  boric  acid  has  been  found 
to  have  no  effect  on  moulds,  and,  according  to  Liebreich,  still  stronger 
solutions  have  no  influence  on  the  action  of  enzymes. 

Boric  is  also  a  mild  antiseptic:  7  per  cent,  in  broth  will  prevent  putre- 
faction, an  effect  not  merely  due  to  the  strength  of  the  saline.  It  also 
acts  as  a  mild  antizymotic.  Liebreich  thinks  this  is  due  to  its  alkalinity. 

External. — When  applied  in  powder  or  strong  solution  to  denuded 
surfaces,  some  irritation  and  a  mild  astringent  effect  are  produced,  but  in 
weak  solutions  both  boric  acid  and  borax  are  sedative.  The  alkalinity  of 
the  latter  aids  in  this  effect,  and  also  gives  it  some  power  as  a  cleansing 
agent.  If  constantly  applied,  cutaneous  eruptions  and  other  poisonous 
effects  may  be  produced. 

Internal. — Moderate  doses  of  boric  acid  (up  to  5  grms.  per  diem)  have 
no  effect  on  metabolism  ;  larger  doses  increase  the  excretion  of  urea.  Borax 
is  said  to  dissolve  uric  acid  in  the  body,  but  this  action  is  very  slight. 

Excretion. — Boric  acid  and  borax  are  excreted  in  the  saliva,  sweat,  and 
milk,  but  mainly  in  the  urine.  In  this  they  may  appear  ten  minutes  after 
administration.  After  small  doses  they  are  probably  completely  eliminated 
within  twenty-four  hours ;  larger  ones  require  a  somewhat  longer  period. 
After  repeated  dosage,  excretion  often  continues  for  a  considerable  time ; 
in  one  case,  after  giving  10  grms.  (154  grs.)  of  borax  daily  for  some  time, 
Frere  still  found  it  in  the  urine  forty-one  days  after  the  last  dose  had  been 
given,  and  in  another  case  fifty-three  days  after. 

Boric  acid  is  excreted  in  part  unchanged,  in  part  as  borates.     The 
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urine  is  consequently  increased  in  acidity  by  its  use.  Borax  is  apparently 
excreted  as  such.  During  excretion  both  drugs  irritate  the  kidney,  and 
increase  slightly  the  amount  of  urine  secreted.  But  they  are  not  powerful 
diuretics,  and  by  many  this  action  is  denied.  Chittenden  and  Gies,  the 
latest  investigators,  even  maintain  that  the  amount  of  urine  secreted  is 
diminished.  Falck  and  Wagner  obtained  transient  diuresis,  but  this  was 
much  less  than  was  obtained  with  sodium  bicarbonate  or  phosphate.  As  a 
diuretic  for  practical  purposes,  borax,  they  state,  must  be  discarded. 

Toxicology. — Acute  poisoning.- — The  effect  of  poisonous  doses  is  mani- 
fested by  gastric,  renal,  nervous,  and  cutaneous  symptoms.  After  the  admin- 
istration of  large  amounts,  there  is  nausea,  vomiting,  and  diarrhoea ;  lumbar 
pain  and  vesical  tenesmus,  with  albuminuria  and  sometimes  htematuria ; 
nervous  depression,  headache,  muscular  weakness,  and  even  collapse ;  and 
after  two  or  three  days,  if  death  does  not  previously  occur,  cutaneous 
eruptions  of  a  scaly,  papular,  or  eczematous  kind.  A  rise  of  temperature 
has  often  been  noticed.  The  course  and  severity  of  the  symptoms  are 
modified  by  the  mode  of  administration.  When  given  by  the  mouth, 
nausea,  vomiting,  and  diarrhrea  appear  earlier,  and  are  usually  more  severe 
than  when  applied  in  any  other  way,  but  they  are  the  same  in  kind. 
They  have  been  produced  by  the  application  of  the  powder  to  the  vagina, 
by  the  use  of  solutions  to  irrigate  the  pleural  cavity  and  a  psoas  abscess, 
as  a  wash  in  dilated  stomach,  and  as  an  enema  in  diarrhoea.  But  in  nearly 
all  cases  large  amounts  of  the  acid  were  used.  In  the  case  of  the  psoas 
abscess  and  the  empyema  a  5  per  cent,  solution  was  passed  through  the 
cavity  for  an  hour, — death  occurred  on  the  third  and  fourth  day  re- 
spectively ;  and  in  one  diarrhoeic  case,  repeated  irrigation  with  a  4  per  cent, 
solution  was  practised. 

The  symptoms  in  animals  are  similar :  in  dogs  ^  to  ^  grm.  per  kilo  body 
weight  produces  slight  fall  in  temperature,  but  no  other  obvious  effect ; 
larger  doses  cause  gastro-enteritis  and  paralysis  of  the  nervous  and  muscular 
systems,  and  1  grm.  per  kilo  causes  death.  Rabbits  and  other  animals  are 
affected  in  a  similar  manner.  Liebreich,  however,  has  succeeded  in  giving 
considerable  doses  continuously  to  dogs  (nearly  \  grm.  per  kilo),  rabbits, 
and  guinea-pigs  without  producing  any  serious  effects. 

Chronic  poisoning. — The  symptoms  of  chronic  poisoning  vary  little  from 
those  of  acute.  The  cutaneous  lesions  are  more  manifest, — they  may  be 
the  only  obvious  ones, — but  usually  there  is  some  evidence  of  gastric  and 
renal  irritation.  The  commonest  form  of  skin  eruption  is  a  scaly  dermatitis 
resembling  seborrhoeic  dermatitis,  but  as  a  rule  accompanied  by  much 
more  redenia.  The  eruption  may  be  so  scaly  as  to  simulate'  psoriasis,  or  the 
scaliness  may  be  so  slight  that  it  resembles  erysipelas.  An  impetiginous 
eruption,  bull*  and  petechiae,  loss  of  hair,  dryness  of  the  skin  and  mucous 
membranes,  fissuring  of  the  lips  and  striation  of  the  nails,  have  also  been 
observed.  Borax  is,  moreover,  said  to  produce  inflammation  of  the  gums 
and  a  dark  line,  resembling  the  lead  line,  around  the  border ;  but  this  has 
not  at  present  any  significance. 

The  interest  connected  with  the  phenomenon  of  chronic  poisoning  by 
boric  acid  and  borax  is  due  to  the  use  of  these  substances  as  preservative 
agents.  As  previously  stated,  large  amounts  are  necessary  for  this  purpose, 
and  in  the  case  of  milk  the  quantity  ingested  by  infants  in  this  form  may 
be  considerable.  The  custom  has  led  to  legislation,  but  differences  of 
opinion  have  been  expressed  regarding  its  utility.  The  tendency  has  been 
to  deprecate  the  addition  of  these  substances.  Nevertheless,  Polli  observed 
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HYDROGEN  PEROXIDE. 

THE  only  official  preparations  of  this  body,  which  is  not  itself  official, 
are  the  Liquor  Hydrogenii  Peroxidi  (B.P.),  and  the  Aqua  Hydrogenii 
Peroxidi  (U.S.P.).  Each  is  a  solution  of  about  3  per  cent.,  or,  as  it 
is  usual  to  calculate  the  strength  by  the  number  of  volumes  of  oxygen 
given  off  when  the  solution  is  treated  with  potassium  permanganate 
and  dilute  sulphuric  acid,  a  solution  yielding  between  nine  and  eleven 
times  its  volume  of  oxygen.  This  solution  is  a  colourless  and  odourless 
liquid,  having  a  slight  acid  taste,  owing  to  the  addition  of  a  small  amount 
of  acid  to  keep  it,  and  producing  a  stimulating  effect  on  the  buccal  mucous 
membrane  and  a  somewhat  frothy  condition  of  the  saliva.  It  decomposes 
on  keeping  (although  in  this  strength  it  may  be  kept  some  considerable 
time),  on  heating  and  with  agitation,  and  it  is  readily  broken  up  by  charcoal, 
finely-divided  platinum,  silver,  and  palladium,  and  most  metallic  oxides. 
In  all  cases  the  products  of  decomposition  are  oxygen  and  water,  so  that 
hydrogen  peroxide  is  a  powerful  oxidising  agent.  In  the  case  of  metallic 
oxides,  as  the  oxygen  atom  of  the  hydrogen  peroxide  unites  with  that 
of  the  oxide  to  form  a  molecule  of  oxygen,  the  substance  is  reduced  to 
the  metallic  state. 

If  the  solution  be  frozen,  much  of  the  water  can  be  separated  out  as 
ice,  and  the  remainder  can  be  got  rid  of  by  placing  the  solution  in  a 
vacuum  over  sulphuric  acid.  Thus  prepared,  pure  hydrogen  peroxide  is 
colourless,  odourless,  and  of  a  syrupy  consistency.  It  is  very  unstable, 
and  is  somewhat  caustic,  producing  a  white  eschar. 

Pharmacology. — The  main  action  is  antiseptic,  and  its  power  in 
this  direction  is  considerable.  According  to  Miquel,  it  prevents  the 
development  of  micro-organisms  in  bouillon  when  in  the  strength  of  1  in 
20,000  (0-05  gnu.  per  litre)—!  in  14,300  (0'07  grin,  per  litre)  of  mercuric 
perchloride  being  necessary  to  obtain  the  same  effect ;  and,  according  to 
Van  Tromp,  1  in  10,000  will  sterilise  polluted  water  after  standing  twenty- 
four  hours.  Similar  observations  have  been  made  by  others.  Altehofer, 
however,  says  that  much  stronger  solutions,  1  in  1000,  are  necessary  for 
sterilising  purposes ;  and  this  is  probably  nearer  the  mark.  But,  considering 
its  qualities,  this  substance  has  not  gained  that  favour  which  it  seemed  to 
deserve.  Angus  Smith  regarded  it  as  "  the  disinfectant  of  the  future,"  and 
with  cause.  It  is  odourless,  practically  tasteless,  and  non-poisonous ;  it  is 
scarcely  irritant,  and  the  products  of  its  decomposition  are  innocuous ;  it 
has  no  effect  on  metals  or  fabrics,  except  a  bleaching  one ;  no  marked 
action .  on  enzymes ;  and  it  does  not  precipitate  albuminous  substances. 
Its  disadvantages  are  its  instability  and  its  liability  to  produce  air  emboli 


THERAPEUTICS.  479 

if  it  reaches  the  circulation  in  excess  unchanged.  This  effect  practically 
prohibits  its  use  in  large  operations. 

The  solution  is  readily  decomposed  by  all  living  tissues — yeast,  the  fresh 
roots  of  plants,  mushrooms,  etc.,  and  by  pus  discharges  and  exudates. 
Besides  bacteria,  it  is  poisonous  to  other  low  forms  of  life,  e.g.  ciliate  in- 
fusoria; but  the  roots  of  Vicia  and  Trianca  and  the  stamens  of  Tradescantia 
bear  it  well.  Its  poisonous  effects  on  higher  animals  are  connected  with 
its  instability.  It  is  broken  up  by  the  blood  and  tissues  into  water  and 
oxygen,  and  when  administered  in  considerable  doses,  either  subcutaneously 
or  intravenously,  more  oxygen  is  formed  than  the  blood  can  dispose  of,  and 
gas  emboli,  mainly  in  the  lungs  and  right  heart,  are  produced  as  a  result. 
Hence  appear  dyspnoea,  symptoms  of  asphyxia,  and  death.  The  amount 
that  can  be  borne  varies  in  different  animals.  Carnivora  will  recover 
from  a  larger  amount  than  herbivora,  but  with  lethal  doses  the  symptoms 
are  the  same  in  both  groups.  Even  in  man  death  has  occurred.  A  patient 
suffering  from  a  pleural  fistula  after  resection  of  the  ribs  was  treated  with 
subcutaneous  injections  of  a  3  per  cent,  solution  hydrogen  peroxide.  On 
six  occasions  8  c.c.  had  been  given  without  ill  effect,  but  the  seventh 
administration  was  quickly  followed  by  pain  and  weakness,  increasing 
feebleness  of  the  pulse,  laboured  respirations,  and  death,  which  occurred  in 
ten  minutes.  The  solution  in  this  case  must  have  been  injected  into 
a  vein. 

When  given  by  the  mouth,  hydrogen  peroxide  is  not  poisonous. 
40  c.c.  of  a  10  per  cent,  solution  were  given  to  a  dog  without  producing 
any  symptoms,  and  part  was  found  again  in  the  urine.  But  probably, 
when  administered  in  this  way,  the  great  portion  is  decomposed  before 
absorption. 

Therapeutics, — As  an  antiseptic  and  disinfectant,  hydrogen  per- 
oxide is  largely  used  in  various  forms,  chiefly  as  proprietary  preparations. 
"  Sanitas,"  for  example,  owes  most  of  its  disinfectant  action  to  this  sub- 
stance. Menthoxol,  camphoroxol,  and  naphthoxol  consist  of  a  3  per  cent, 
solution,  with  1  per  cent,  menthol  or  camphor,  or  2  per  cent,  iiaphthol, 
respectively. 

Solution  of  hydrogen  peroxide  has  been  added  to  milk  to  prevent  sour- 
ing ;  it  has  been  used  in  the  treatment  of  ulcers,  as  an  injection  or  wash  in 
oziena,  cystitis,  gonorrhoea,  leucorrhoea,  otorrhoea,  and  fetid  conditions  of 
the  mouth,  as  a  spray  in  fetid  bronchitis  and  diphtheria,  and  internally 
in  atonic  dyspepsia,  asthma  and  whooping-cough,  phthisis,  epilepsy,  angina 
pectoris,  amemia,  diabetes,  syphilis,  and  acute  pneumonia.  In  these  con- 
ditions it  was  strongly  recommended  by  the  late  Sir  B.  W.  Richardson, 
who  introduced  it  into  practice.  In  many  cases  he  used  it  in  the  form 
of  an  ethereal  solution  (ozonic  ether)  in  20  to  60  minim  doses,  diluted  with 
alcohol  and  water.  He  believed  it  was  almost  a  specific  in  whooping- 
cough,  and  he  even  suggested  its  use  in  tetanus  and  other  convulsive  dis- 
orders. He  suggested,  too,  its  subcutaneous  injection  in  such  conditions 
as  chloroform  syncope,  and  its  injection  into  the  lung  in  cyanosis  from 
heart  disease,  and  into  phthisical  cavities  when  these  could  be  accurately 
localised.  Such  treatment,  however,  is  to  be  deprecated.  Apart  from  the 
difficulty  of  adjusting  the  dose,  the  risk  of  air  embolism  is  so  great  that 
these  modes  of  treatment  are  positively  dangerous.  Moreover,  hydrogen 
peroxide  diffuses  so  readily,  that,  with  the  exception  of  phthisical  cavities, 
where  a  local  effect  is  required,  very  little  is  to  be  gained  by  these 
methods.  When  given  in  the  ordinary  way,  it  probably  increases  the 


480  HYDROGEN  PEROXIDE. 

aerating  power  of  the  blood ;  but  how  far  this  can  be  utilised  in  the 
treatment  of  disease  can  only  be  settled  by  further  research.  Personally, 
we  doubt  if  its  value  will  be  found  to  be  great,  although  Routh  states  that 
he  has  found  it  useful  in  pneumonia  when  cyanosis  was  present,  and  as 
valuable  as  cod-liver  oil  in  phthisis. 

But  when  it  can  be  applied  directly  to  diseased  tissue,  its  beneficial 
effect  is  often  marked.  And  this  is  perhaps  best  seen  in  the  various  forms 
of  ulceration.  In  this  condition  there  is  a  mass  of  testimony  in  its  favour. 
Manassein  says  it  is  a  better  antiseptic  than  mercuric  chloride,  and 
particularly  valuable  in  the  treatment  of  venereal  sores.  Golosin  recom- 
mends it  in  ophthalmic  practice,  and  others  in  ulceration  of  various  kinds. 
According  to  Stokvis,  its  action  on  ulcerated  surfaces  is  threefold — (1)  it 
stimulates  mechanically  owing  to  the  production  of  bubbles  of  gas ;  (2)  it 
oxidises,  owing  to  the  formation  of  nascent  oxygen ;  (3)  it  exerts  a 
bactericidal  action. 

By  some  it  has  been  recommended  in  the  treatment  of  suppurating 
tracts  and  abscess  cavities,  and,  providing  that  free  exit  is  allowed  for  the 
oxygen  which  is  so  rapidly  formed,  the  treatment  is  most  suitable.  But  if 
this  is  not  supplied,  serious  effects  may  result.  Thus  in  one  case  in  which 
hydrogen  peroxide  was  injected  into  a  large  iliac  abscess,  extensive 
abdominal  emphysema  followed,  and  almost  produced  death.  In  another, 
the  injection  of  this  substance  after  aspiration  of  the  abscess  produced  so 
great  a  distension  of  the  abdomen,  that  the  abdominal  wall  ruptured  for  a 
distance  of  4  to  6  in.,  and  the  intestines  protruded.  Other  cases  are 
mentioned  by  Keen.  In  a  third,  a  child  with  submaxillary  abscess,  suffoca- 
tion almost  occurred ;  and  in  a  case  of  cystitis,  notwithstanding  the  presence 
of  a  catheter,  the  patient  suffered  severe  pain  from  over-distension  of  the 
viscus.  More  cases  might  be  quoted,  but  sufficient  has  been  said  of  the 
danger  of  an  incomplete  exit. 

Other  uses  for  hydrogen  peroxide  are  found  in  pityriasis  versicolor  and 
psoriasis,  and  as  a  haemostatic  in  epistaxis.  In  the  last  case  it  is  recom- 
mended that  the  nose  be  plugged  with  lint  steeped  in  a  solution  of  the 
substance.  It  has  also  been  recommended  for  drinking  and  domestic 
purposes,  as  a  prophylactic  in  typhoid  fever  and  cholera,  and  in  the  form 
of  ointment  (made  with  ozonic  ether),  to  dimmish  the  chance  of  infection 
in  scarlet  fever  and  measles.  It  is  also  used  for  bleaching  hair. 

The  pharmacopoeial  dose  is  i  to  2  drms.  Richardson  gave  1  drm.  to 
1  oz.,  with  an  average  of  2  to  4  drms.  It  should  be  well  diluted  with 
water.  For  application  to  ulcers,  etc.,  dilute  with  one-half  to  one  volume 
of  water,  and  apply  three  to  four  times  a  day ;  for  ophthalmic  work,  dilute 
with  at  least  four  times  its  volume  of  water ;  and  for  disinfecting  purposes, 
dilute  from  ten  to  thirty  times.  It  may  also  be  used  as  a  spray. 
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CAEBO  LIGNI. 

(B.P.   AND  U.S.P.) 

WOOD  CHARCOAL  is  a  black  powder  without  taste  or  smell,  free  from 
gritty  matter.  It  is  obtained  by  exposing  wood  (preferably  beech  or  poplar 
wood)  to  a  red  heat  without  access  of  air.  The  dose  is  60  to  120  grs.  in 
powder,  capsules,  or  wrapped  in  wafer  paper.  Sometimes  charcoal  biscuits 
or  lo/enges  are  used.  Large  doses  are  best  given  mixed  with  water. 

Purified  animal  charcoal  which  is  official,  U.S. P.,  as  Carbo  Animalis 
Purificatus,  is  sometimes  preferred  to  the  wood  charcoal. 

Pharmacology. — Owing  to  its  extremely  porous  nature  charcoal  has 
remarkable  power  of  absorbing  gases,  among  others  oxygen,  of  which  it 
may  absorb  eighteen  times  its  own  volume.  This  absorbed  oxygen  is  in  a 
very  active  condition,  possibly  owing  to  its  condensation  within  the  pores 
of  the  charcoal ;  and  it  destroys  organic  matter  with  which  it  comes 
in  contact,  by  oxidising  it  to  its  simplest  combinations.  Sulphuretted 
hydrogen  gas  is  also  readily  destroyed  by  charcoal.  It  was  at  one  time 
believed  that  this  oxidising  power  was  only  exerted  by  dry  charcoal  and 
chiefly  upon  oxidisable  gases,  but  it  is  certain  that  a  very  considerable 
amount  of  activity  is  retained  even  after  the  charcoal  has  been  thoroughly 
mixed  with  water.  This  is  seen  in  the  power  which  charcoal  possesses  of 
oxidising  organic  impurities  in  water  passed  through  a  charcoal  filter, 
and  it  has  also  been  shown  experimentally  that  charcoal  will  oxidise 
organic  matters  in  solution  or  in  the  solid  form,  as  well  as  the  gaseous 
effluvia  given  off  by  such  substances  during  decomposition.  The  oxidising 
power  of  charcoal  is,  however,  limited,  and  is  soon  lost  where  the  organic 
matter  is  in  excess,  as  in  water  niters  in  constant  use ;  it  can,  however, 
be  restored  by  reheating  the  charcoal  to  redness. 

Charcoal  has  no  destructive  power  upon  living  organisms,  and  therefore 
the  term  "disinfectant"  applied  to  it  in  most  text-books  is  erroneous. 
This  term  was  at  one  time  used  to  describe  the  power  of  charcoal  to  re- 
move the  offensive  odour  of  putrefaction,  but  now  that  the  word  "dis- 
infectant" is  universally  employed  in  a  different  sense  it  is  better  to 
speak  of  charcoal  simply  as  a  deodoriser  and  oxidising  agent. 

Charcoal  is  also  devoid  of  antiseptic  properties ;  it  hastens  the  destruction 
of  organic  matters  by  oxidation  rather  than  preserves  them  from  decom- 
position, and  has  no  inhibitory  influence  upon  the  living  organisms  to  which 
that  decomposition  is  due.  The  decomposition  of  organic  matter  is  believed 
to  be  due  to  the  action  of  both  aerobic  and  anaerobic  micro-organisms.  The 
change  produced  by  the  aerobic  in  the  presence  of  water  and  oxygen  is  the 
oxidation  of  complex  organic  compounds  to  their  simplest  forms.  The 
anaerobic  process  of  putrefaction,  on  the  other  hand,  leads  to  the  formation 
of  intermediate  products,  many  of  which  are  offensive  and  some  are  toxic ; 
it  is  this  form  of  putrefaction  which  chiefly  takes  place  within  the  alimen- 
tary canal.  It  is  possible  that  the  good  effects  of  charcoal  when  added  to 
decomposing  organic  fluids,  or  when  taken  internally,  may  be  due  to  the 
oxygen  contained  in  its  pores  converting  the  anrerobie  process  of  putrefac- 
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tion  into  an  aerobic  one,  and  so  leading  to  the  formation  of  inoffensive 
simple  chemical  compounds  in  place  of  offensive  and  toxic  intermediate 
substances.  If  this  be  a  correct  hypothesis,  the  importance  of  the  fact 
that  charcoal  has  no  direct  injurious  effect  upon  the  micro-organisms  them- 
selves will  be  at  once  apparent,  since  the  decomposition  of  the  organic 
matter  is  the  work  of  these  micro-organisms,  the  charcoal  only  supplying 
the  oxygen  necessary  for  complete  oxidation. 

Charcoal,  more  especially  the  animal  charcoal,  has  the  power  of  absorb- 
ing colouring  matter,  and  such  substances  as  alkaloids  from  solutions 
containing  them  ;  it  is,  therefore,  used  as  a  decolorising  agent,  and 
has  also  been  recommended  internally  as  an  antidote  in  poisoning  by 
alkaloids. 

Taken  into  the  alimentary  canal,  charcoal  exercises  its  oxidising  power 
and  also  absorbs  the  gases  there  present,  diminishing  meteorism  and 
preventing  flatulence.  It  removes  the  offensive  character  of  the  stools  so 
characteristic  of  certain  forms  of  intestinal  ulceration.  In  large  doses  it 
is  a  mild  laxative,  probably  from  its  mechanical  action  on  the  walls  of  the 
intestine,  and  possibly  the  same  mechanical  property  aids  in  removing 
mucus  from  the  surface  of  the  mucous  membrane,  as  suggested  by 
Brunton. 

Therapeutics. — External. — Charcoal  is  used  as  a  local  application 
to  foul  ulcers  of  the  legs  or  other  parts,  to  cancerous  ulceration  of  the 
breast  and  anus,  to  gangrenous  limbs,  and  may  be  introduced  into  the 
vagina  in  cancer  of  the  uterus  or  of  the  vaginal  walls.  Sometimes  much 
benefit  results,  especially  in  the  diminution  of  the  smell  which  so  often 
renders  this  class  of  patients  difficult  to  treat  satisfactorily.  It  may  be 
used  as  a  powder,  or  in  a  poultice  with  bread  or  linseed  meal,  or  made  into 
a  thin  paste  with  water.  To  be  of  any  service  it  must  be  used  in  large 
quantity ;  it  is  a  very  dirty  application,  and  for  the  majority  of  cases  is 
inferior  to  ordinary  antiseptic  lotions  and  dressings ;  its  cheapness  is,  how- 
ever, a  consideration  in  extensive  cancerous  ulcerations  and  in  gangrene  of 
the  lower  extremities. 

Internal. — It  is  useful  in  cases  in  which  there  is  decomposition  of  the 
contents  of  the  alimentary  canal  with  formation  of  gas,  such  as  dilatation 
of  the  stomach,  dyspepsia  with  flatulence,  foul  eructations,  and  acidity, 
intestinal  indigestion  with  meteorism,  ulceration  of  the  intestines  with 
offensive  stools,  and  similar  conditions.  It  may  be  given  in  capsules,  or 
wafer  paper,  or  mixed  with  water  ;  sometimes  charcoal  biscuits  are  useful. 
It  has  been  recommended  in  typhoid  fever,  but  in  the  later  stages  its  bulk 
and  mechanical  action  might  promote  perforation  of  a  thin-walled  ulcer. 
In  cases  where  toxic  substances  are  formed  in  the  alimentary  canal, 
charcoal  is  worthy  of  a  further  trial  and  sometimes  yields  good  results. 
Its  action  may  be  a  direct  one  of  oxidation,  an  indirect  one  through  the 
aerobic  process  of  putrefaction,  or  it  is  possible  that  a  supply  of  oxygen 
may  modify  the  metabolic  processes  of  the  pathogenic  organisms  them- 
selves, and  render  them  or  their  products  less  virulent.  The  power  of 
charcoal  to  remove  alkaloids  from  solutions  is  also  worth  consideration,  as 
certain  toxines  and  ptomaines  are  of  an  alkaloidal  nature. 

As  an  antidote  in  poisoning  by  phosphorus,  and  by  alkaloids  such  as 
morphine  or  strychnine,  charcoal  is  sometimes  useful,  by  removing  the 
toxic  agent  from  solution  ;  the  contents  of  the  stomach  should,  however,  be 
afterwards  withdrawn  by  the  stomach  tube  or  by  emetics.  Garrod  prefers 
the  purified  animal  charcoal  as  an  antidote ;  half  an  ounce  will  render  inert 
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about  a  grain  of  alkaloid,  and  the  powder  should  be  rubbed  up  with  luke- 
warm water  to  a  thin  fluid. 

Charcoal  being  non-poisonous  can  be  given  in  large  doses,  from  two  to 
six  teaspoonfuls  a  day  is  the  quantity  usually  employed.  Over  1  Ib.  has 
been  taken  in  a  day  without  bad  effects.  Unless  given  in  a  sufficient 
quantity  of  water,  large  doses  might  possibly  lead  to  some  obstruction  of 
the  alimentary  canal,  a  result  which  has  been  reported. 
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THE  SULPHUR  GEOUP. 

SULPHUR,  SULPHURETTED  HYDROGEN,  SULPHURATED  POTASH,  SULPHURATED 
LIME,  BARIUM  SULPHIDE,  IODIDE  OF  SULPHUR,  CHLORIDE  OF  SULPHUR, 
SULPHUROUS  ACID,  SODIUM  SULPHITE,  SODIUM  HYPOSULPHITE, 
ICHTHYOL,  THIOL  AND  TUMENOL. 

SULPHUR. 
(B.P.  AND  U.S. P.) 

OF  the  various  forms  in  which  sulphur  occurs,  two  only  are  official  in  the 
British  Pharmacopceia :  these  are  sublimed  sulphur,  or  flowers  of  sulphur, 
which  is  a  slightly  gritty  greenish  yellow  powder ;  and  precipitated  sulphur, 
or  milk  of  sulphur,which  is  a  greyish  yellow  soft  powder,  free  from  grittiness 
and  containing  no  crystals  of  calcium  sulphate.  Three  forms  are  official 
in  the  United  States  Pharmacopoeia,  namely,  sublimed  sulphur,  precipi- 
tated sulphur,  and  sulphur  lotum,  or  washed  sublimed  sulphur,  a  fine  yellow 
powder.  The  dose  of  any  form  is  from  20  to  60  grs. 

The  official  preparations  (B.P.)  made  from  sublimed  sulphur  are  Con- 
fectio  Sulphuris  (1  in  2|),  dose  60  to  120  grs. ;  Pulvis  Glycyrrhizre  Com- 
positus  (1  in  12),  dose  60  to  120  grs. ;  and  Unguentum  Sulphuris  (1  in  10 
of  benzoated  lard).  Only  one  is  made  from  precipitated  sulphur,  namely, 
Trochiscus  Sulphuris,  5  grs.  in  each.  The  only  official  preparations,  U.S.P. , 
are  Pulvis  Glycyrrhizjie  Compositus  and  Unguentum  Sulphuris,  both  made 
from  sulphur  lotum. 

Pharmacology. — External. — Externally  applied  sulphur  is  a 
parasiticide  to  animal  parasites  and  to  fungus  growths,  but  has  little 
action  on  the  healthy  skin.  If  friction  is  used,  as,  for  example,  when  a 
sulphur  ointment  is  rubbed  in,  or  the  drug  is  dusted  into  a  flannel  bandage 
which  is  firmly  applied  to  some  part  of  the  body,  irritation,  redness,  and 
even  severe  inflammation  of  the  skin  sometimes  occurs.  Applied  in  this 
way  some  of  the  drug  is  probably  forced  into  the  orifices  of  the  cutaneous 
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glands,  and  is  acted  upon  by  the  secretions  of  the  skin  so  as  to  form 
irritating  compounds. 

Outside  the  body,  experiments  show  that  in  contact  with  living  pro- 
toplasm sulphur  readily  forms  sulphuretted  hydrogen  or  sulphurous 
anhydride,  both  of  which  are  powerful  poisons  to  living  organisms.  More- 
over, by  the  action  of  decomposing  albuminoid  substances,  sulphur  is  easily 
converted  into  sulphuretted  hydrogen,  which,  in  the  presence  of  alkaline 
carbonates  or  basic  phosphates,  is  converted  into  alkaline  sulphides.  The 
effects  of  sulphur  as  a  parasiticide  and  irritant  are  in  all  probability  due 
to  these  compounds  of  sulphur  rather  than  to  the  element  itself. 

Upon  the  epidermis  sulphur  is  a  keratoplastic  or  reducing  agent,  and, 
by  withdrawing  oxygen  from  the  tissues,  favours  the  cornification  of  the 
epithelial  cells.  After  repeated  or  prolonged  application  to  the  skin, 
absorption  of  sulphur  (probably  in  the  form  of  sulphides)  occurs,  and 
sulphuretted  hydrogen  is  excreted  by  the  breath  and  in  the  offensive  flatus 
passed  from  the  alimentary  canal.  Sulphur  applied  to  a  skin  already 
inflamed  not  infrequently  acts  as  a  severe  irritant.  Applied  to  raw  sur- 
faces, such  as  wounds,  ulcers,  or  the  interior  of  joints,  sulphur  has  a 
powerful  caustic  action  upon  the  tissues,  and  destroys  them,  together  with 
any  micro-organisms  which  may  be  present ;  this  effect  is  apparently  due 
to  the  formation  of  sulphurous  acid,  which  is  further  oxidised  to  sulphuric 
acid. 

Internal. — Locally  applied  to  mucous  membranes,  sulphur  destroys 
parasitic  fungi,  and  has  been  said  to  cause  disappearance  of  the  diphtheritic 
membrane. 

Alimentary  canal. — -When  ordinary  doses  of  sulphur  are  administered 
internally,  the  drug  passes  through  the  mouth  and  stomach  unchanged  and 
produces  no  effects  on  these  organs.  In  the  intestine  a  part  of  the  sulphur 
is  acted  upon  by  the  bile,  intestinal  and  pancreatic  secretions,  and  perhaps 
also  by  the  partially  digested  food,  and  converted  into  sulphuretted  hydro- 
gen and  alkaline  sulphides.  These  sulphur  compounds  act  locally  upon 
the  bowel  as  stimulants,  or  slight  irritants,  causing  increased  activity  of 
peristalsis  and  sdme  little  increase  in  the  intestinal  secretions.  The 
result  of  this  action  is,  that  the  contents  of  the  alimentary  canal  are 
hurried  forward  to  the  rectum  and  arrive  there  in  a  softer  condition  than 
usual,  since  less  time  is  allowed  for  absorption  of  the  fluid  parts  of  the 
fueces  to  take  place.  The  stools  are  thus  more  frequent  and  softer  than 
natural,  and  are  often  offensive  from  the  sulphuretted  hydrogen  gas  formed 
in  the  intestine  and  passed  out  as  flatus.  Liquid  stools  are  not  produced, 
and  griping  is  usually  very  slight.  The  sulphur  compounds  have  also  a 
powerful  antiseptic  action  in  the  intestines.  That  portion  of  the  sulphur 
which  escapes  combination  in  the  bowel  is  excreted  with  the  stools  un- 
changed, and  perhaps  aids  by  its  mechanical  action  in  the  production  of 
peristaltic  movements. 

While  circulating  in  the  body  the  compounds  of  sulphur  act  upon  the 
following  organs  and  tissues : — 

Nervous  system.  —  The  functions  of  the  central  nervous  system  are 
depressed,  and  in  frogs  paralysis  of  reflex  action  and  voluntary  motion 
may  be  produced  by  sulphuretted  hydrogen. 

Voluntary  muscles. — These  are  also  depressed,  and  the  flesh  of  animals  to 
which  sulphur  has  been  administered  for  some  time  smells  of  sulphuretted 
hydrogen,  which  is  liberated  from  the  alkaline  sulphides  by  the  acids  pro- 
duced in  the  muscular  tissue  when  rigor  mortis  comes  on. 
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Respiratory  organs. — During  the  elimination  of  sulphuretted  hydro- 
gen by  the  breath,  the  mucous  membrane  of  the  respiratory  tract  is 
stimulated  and  expectoration  increased.  As  the  gas  is  fatal  to  the  lower 
forms  of  life,  some  believe  that  it  is  also  a  disinfectant  to  the  respiratory 
tract. 

Skin. — During  elimination  the  skin  is  stimulated  by  thie  sulphides, 
and  the  cutaneous  secretions  are  increased ;  hence  the  slight  diaphoretic 
action  of  sulphur  and  its  influence  in  stimulating  and  rendering  more 
liquid  the  secretion  of  the  sebaceous  glands.  Occasionally  red  eruptions, 
or  even  boils,  result  from  the  continued  use  of  sulphur.  These  effects 
occur  more  frequently  from  the  use  of  the  sulphurous  mineral  waters  than 
from  the  drug  itself. 

Mammary  glands. — These  are  not  affected  by  the  drug,  but  the  milk  of 
nursing  women  is  stated  to  smell  of  sulphuretted  hydrogen  after  the 
administration  of  sulphur. 

Kidneys. — A  certain  proportion  of  the  sulphur  absorbed  into  the  body 
is  eliminated  by  the  kidneys  in  the  form  of  sulphates.  It  is  said 
that  as  much  as  46  per  cent,  of  a  large  dose  of  precipitated  sulphur  was 
recovered  from  the  urine  in  this  highly  oxidised  form,  but  only  15  per 
cent,  of  the  less  finely  divided  sublimed  sulphur.  Later  experiments  on 
dogs  show  from  5  to  10  per  cent,  of  the  sulphur  administered  to  be  excreted 
by  the  urine.  A  small  portion  of  the  sulphur  appears  to  be  eliminated  by 
the  urine  in  the  less  oxidised  forms  of  sulphite,  hyposulphite  or  sulphide, 
and  in  some  cases  the  presence  of  an  organic  sulphur  compound  has  been 
shown.  The  amount  of  sulphates  in  the  urine  is  not  only  relatively  but 
also  absolutely  increased,  and  the  increase  is  greatest  when  the  purgative 
action  of  the  sulphur  is  delayed  or  slight.  The  amount  of  the  urine  is  not 
influenced,  nor  is  the  urea  excretion. 

Metabolism  is  not  markedly  affected  by  sulphur ;  what  action  it  has  is, 
however,  in  the  direction  of  diminishing  oxidation  of  the  tissues.  Whether 
this  reducing  action  plays  any  part  in  the  remedial  utility  of  the  drug  is 
not  known,  but  it  is  evidently  not  sufficiently  great  to  affect  the  general 
metabolism  of  the  body,  otherwise  the  excretion  of  urea  would  be 
diminished. 

Absorption  and  elimination. — Sulphur  is  absorbed  into  the  blood  in 
the  form  of  sulphuretted  hydrogen  and  alkaline  sulphides,  whether  the 
absorption  takes  place  from  the  skin  or  from  the  alimentary  canal.  As 
a  rule  the  amount  absorbed  is  not  sufficient  to  produce  any  marked  or 
toxic  symptoms,  but  the  action  of  these  compounds  is  to  reduce  the 
oxyhfemoglobin  and  so  diminish  the  processes  of  oxidation ;  when  a  large 
amount  of  sulphuretted  hydrogen  has  been  absorbed  into  the  blood, 
as  from  inhalation  of  sewer  gas,  asphyxia  may  be  produced  as  a  result 
of  the  blood  change,  and  this  has  even  occurred  when  an  unusually  large 
amount  has  been  produced  within,  and  absorbed  from,  the  alimentary 
canal.  The  oxygen  of  the  oxyhremoglobin  is  utilised  in  the  oxidation  of 
the  sulphides  to  sulphates,  in  which  form  part  of  the  absorbed  sulphur 
is  excreted  by  the  urine.  The  unoxidised  sulphides  in  the  blood  are 
excreted  by  the  respiratory  mucous  membrane  as  sulphuretted  hydrogen, 
by  the  skin  as  sulphides  of  the  alkalies,  which,  in  contact  with  the  acid 
sweat,  give  rise  to  sulphuretted  hydrogen,  which  can  be  perceived  by  the 
smell  and  which  blackens  silver  articles  in  contact  with  the  skin  or  con- 
tained in  the  pockets  of  the  clothing.  Under  certain  conditions  sulphides 
may  also  be  excreted  by  the  urine. 
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Therapeutics. — External. — Sulphur  is  frequently  burned  in  rooms 
which  have  been  infected  by  scarlatina,  measles,  or  other  infectious  diseases. 
The  active  agent  is  the  S(X  formed  by  the  burning  sulphur,  and  which  fills 
the  room  with  an  irritating  irrespirable  gas.  The  chimney  of  the  room  is  first 
blocked,  and  any  cracks  in  the  windows  and  doors  carefully  filled  up ;  the 
sulphur  (not  less  than  1  Ib.  to  each  thousand  cubic  feet  of  space  in  the  room 
to  be  disinfected)  is  placed  on  a  metal  shovel  or  dish,  and  this  on  a  metal 
tripod  standing  in  a  large  vessel  containing  water,  to  prevent  any  risk  of 
tire.  A  little  alcohol  is  poured  over,  and  the  sulphur  is  ignited  and  the 
room  closed  up  for  at  least  four  hours.  In  carrying  out  this  process  it  is 
necessary  to  remember  that  S(X  is  a  powerful  bleaching  agent  and  also  an 
irritant ;  fatal  bronchitis  has  been  said  to  have  been  set  up  by  too  prolonged 
exposure  to  the  gas  in  disinfecting  a  room. 

Scabies. — Sulphur  is  one  of  the  most  effectual  and  convenient  appli- 
cations for  the  cure  of  scabies;  thoroughly  applied  it  is  certain  in  its 
effect,  and  if  the  strength  be  properly  adjusted  to  the  condition  of  the 
patient's  skin  no  undue  irritation  is  caused.  Numerous  formulte  are  used, 
but  for  ordinary  cases  the  official  10  per  cent,  ointment  is  as  good  as  any  ; 
it  may,  however,  be  improved  so  as  to  relieve  the  intense  itching  more 
quickly  by  the  addition  of  carbolic  acid,  2^  per  cent.,  if  there  is  no  contra- 
indication to  the  application  of  the  phenol  to  a  large  surface  of  skin.  This 
is  the  formula  habitually  used  by  the  author  in  the  routine  treatment  of 
hospital  cases  of  scabies.  The  mode  of  application  is  of  great  importance ; 
the  patient  is  directed  to  have  a  hot  bath  and  to  rub  the  body  all  over  with 
soft  soap  and  a  piece  of  flannel,  then  to  dry  the  skin  and  thoroughly  rub 
the  ointment  into  all  the  surface  except  the  head  and  face,  which  are  rarely 
involved.  The  ointment  is  to  be  applied  every  night,  and  the  bath  repeated 
after  three  applications,  which  are,  as  a  rule,  sufficient  to  eradicate  the 
disease,  though  the  lesions  of  the  skin  may  not  be  entirely  healed  for  a  few 
days  longer.  The  gritty  sublimed  sulphur  is  chiefly  used  for  the  cure  of 
scabies,  as  it  has  a  mechanical  influence  in  opening  up  the  burrows  and  so 
bringing  the  drug  into  closer  contact  with  the  acarus,  the  eggs  and  embryos 
of  which  lie  in  the  burrows  beneath  the  superficial  layer  of  the  epidermis. 
Treatment  should  not  be  continued  too  long,  or  a  dermatitis  may  be  easily 
excited.  Stronger  and  weaker  ointments  than  the  official  10  per  cent,  are 
often  used,  and  other  combinations,  of  which  the  ointment  containing  car- 
bonate of  potassium  1  drm.,  sublimed  sulphur  2  drms.,  and  lard  1|  oz.,  used 
at  the  St.  Louis  Hospital  in  Paris ;  and  Hebra's  ointment  containing  chalk 
2  drms.,  sulphur  and  prepared  tar,  of  each  3  drms.,  lard  and  soap,  of  each 
6  drms.,  used  in  Vienna,  are  the  most  important.  Vlemingkx's  solution  is 
sometimes  preferred  to  an  ointment ;  it  is  a  yellow  liquid,  and  is  applied 
to  the  skin  with  a  somewhat  stiff  brush  or  a  piece  of  lint.  It  is  made 
by  boiling  2  oz.  quicklime  with  4  oz.  of  sulphur  in  a  pint  of  water,  and 
decanting  if  necessary ;  the  active  agent  is  the  pentasulphide  of  calcium. 
The  use  of  dry  sulphur  dusted  on  the  skin,  or  rubbed  in  as  a  powder, 
and  of  sulphur  vapour  baths,  has  almost  disappeared  and  is  less  effectual 
than  the  ointment  or  Vlemingkx's  solution.  In  all  cases  of  scabies  the 
patient's  underclothing  requires  to  be  disinfected  by  boiling  or  some  other 
effective  method. 

Pediculosis  is  sometimes  treated  by  sulphur  with  benefit,  but  other 
remedies  are,  as  a  rule,  more  convenient  and  efficacious. 

Tinea  tonsurans  and  other  forms  of  ringworm. — Sulphur  is  occasionally 
useful,  more  especially  in  those  forms  of  tinea  tonsurans  in  which  the 
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scalp  is  also  affected  by  seborrhcea ;  it  is  usually  combined  with  other 
drugs. 

Acne. — Sulphur  is  one  of  the  most  useful  applications  in  acne ;  it  may 
be  applied  in  the  form  of  a  dusting  powder  with  prepared  calamine,  oxide 
of  zinc,  or  precipitated  chalk,  or  as  a  lotion  in  water,  lime  water,  calamine 
lotion,  or  alcohol.  The  strength  of  these  preparations  varies  from  a  few 
grains  to  the  ounce  upwards,  according  to  the  case ;  the  precipitated 
sulphur  is  usually  preferred,  and  it  may  sometimes  be  used  undiluted  as 
a  dusting  powder.  Ointments  containing  10  to  30  grs.  of  precipitated 
sulphur  to  the  ounce  are  frequently  of  great  service  in  acne  ;  the  sulphides 
and  the  compounds  of  sulphur  with  chlorine  and  iodine  are  also  valuable 
applications  (vide  pp.  491  and  492). 

Seborrhcea  capitis  and  corporis. — In  the  absence  of  acute  dermatitis, 
sulphur  in  the  forms  of  lotion  and  ointment  is  one  of  the  most  valuable 
remedies  at  our  disposal.  A  weak  ointment,  10  to  20  grs.  of  precipitated 
sulphur  to  the  ounce,  is  often  sufficient,  or  a  lotion  containing  30  grs. 
to  the  ounce ;  other  drugs  may  be  combined  with  the  sulphur  if  indicated. 

Eczema. — In  acute  eczema  sulphur  must  be  used  with  extreme  caution, 
as  even  a  weak  preparation  may  excite  great  irritation.  In  subacute  and 
chronic  eczema — especially  the  seborrhosic  forms— sulphur  is  a  most  useful 
remedy;  weak  ointments,  10  or  15  grs.  to  the  ounce,  should  be  first  tried, 
and  the  strength  increased  if  no  irritation  is  caused. 

Psoriasis,  lichen  ruber  planus,  dermatitis  herpetiformis,  pruriyo. — Some 
cases  are  benefited  by  sulphur  ointments ;  others  show  no  improvement. 
Weak  preparations  should  be  tried. 

Chronic  rheumatism,  lumbago,  sciatica. — Relief  is  sometimes  obtained  by 
rubbing  sulphur  into  the  skin  over  the  painful  part  and  wrapping  in 
flannel  bandages,  into  the  folds  of  which  more  of  the  sulphur  is  dusted  as 
the  bandage  is  applied.  The  friction  and  warmth  may  possibly  be  the 
more  active  remedies,  but  absorption  of  sulphur  occurs  if  the  applications 
are  continued  for  any  length  of  time. 

Diphtheria. — The  insufflation  of  sulphur  has  been  strongly  recom- 
mended as  a  local  application  to  the  false  membrane  in  diphtheria,  and 
in  some  cases  appears  to  have  been  of  use. 

Wounds,  ulcers,  tuberculous  joints. — Sterilised  precipitated  sulphur, 
applied  in  the  form  of  powder,  has  been  used  as  a  local  disinfectant  in 
cases  of  foul  ulcers,  infected  wounds,  and  to  the  interior  of  diseased  joints : 
it  acts  as  a  caustic,  destroying  the  diseased  tissues  and  leaving  a  sterile 
surface ;  it  is  painless  and  ought  not  to  be  applied  longer  than  twenty -four 
hours,  lest  too  great  destruction  of  tissue  be  caused. 

Internal. — G-astro-intestinal  disorders. — The  principal  internal  use  of 
sulphur  is  as  a  laxative,  which  causes  very  little  irritation  but  softens  the 
stools.  It  is  especially  useful  in  diseased  conditions  of  the  rectum,  such 
as  prolapse,  stricture,  piles,  or  fissure  of  the  anus,  where  the  passage  of 
hardened  faeces  causes  pain  and  irritation  of  the  diseased  part.  In  slight 
cases  of  chronic  constipation  it  is  also  useful,  especially  in  children,  upon 
whom  even  a  small  dose  (one  or  two  lozenges)  at  night  will  produce  a 
satisfactory  movement  of  the  bowels  next  morning.  It  may  be  administered 
as  the  confection,  or  made  into  an  electuary  with  treacle  or  marmalade ; 
the  precipitated  sulphur  may  be  also  suspended  in  milk.  The  compound 
liquorice  powder  containing  senna  and  sulphur  is  a  valuable  laxative  for 
occasional  use,  but  its  bulk  is  sometimes  objected  to.  Sulphur  may  often 
be  combined  with  the  confection  of  senna  as  a  substitute.  Where  only 
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a  small  dose  is  required  the  lozenges  are  the  most  useful  preparation. 
The  precipitated  sulphur  is  said  to  be  more  active  as  a  laxative  than  the 
sublimed ;  either  form,  if  continued  for  too  long  a  time,  may  cause  catarrh 
of  the  intestine.  The  production  of  offensive  flatus  sometimes  forms  an 
objection  to  the  use  of  sulphur. 

Sulphur  is  said  to  be  a  valuable  non-poisonous  intestinal  antiseptic,  and 
has  also  been  used  as  a  vermicide.  In  cholera,  diarrhoea,  and  dysentery, 
variable  results  have  been  obtained. 

Skin  disease. — Sulphur  is  administered  internally  in  some  skin  diseases 
with  advantage ;  how  much  of  the  benefit  derived  is  due  to  its  stimulant 
action  upon  the  glands  of  the  skin  during  elimination,  and  the  increase  of 
the  sweat  and  sebaceous  secretions,  and  how  much  is  due  to  direct  action 
upon  the  epidermic  cells,  is  not  at  present  known.  Acne,  psoriasis,  and  chronic 
eczema  are  the  chief  forms  of  skin  disease  benefited  by  an  internal  course 
of  sulphur ;  the  lozenges,  two  to  six  per  day,  are  the  most  convenient  form 
of  the  drug,  but  in  many  cases  the  sulphurous  mineral  waters  of  Harrogate, 
Aix-la-Chapelle,  or  other  spas  are  employed.  Syphilis  is  also  treated  by 
the  same  mineral  waters,  especially  the  more  chronic  eruptions  of  the  late 
secondary  period. 

Chronic  rheumatism,  muscular  rheumatism,  and  chronic  gout  have  long 
been  treated  by  sulphur  given  internally,  which  forms  an  important  in- 
gredient in  a  well-known  remedy  known  as  the  "  Chelsea  Pensioner." 
The  official  lozenge  was  first  introduced  into  practice  by  Garrod  for  the 
treatment  of  chronic  rheumatism,  and  in  some  cases  much  benefit  is 
derived  from  a  course  of  two  to  six  a  day,  continued  for  some  weeks. 
The  sulphurous  mineral  waters  are  also  used  for  the  treatment  of  chronic 
rheumatism  and  chronic  gout. 

Chronic  bronchitis  was  treated  by  Graves  with  sulphur  in  doses  of  5 
to  10  grs.  three  or  four  times  a  day,  and  it  is  still  occasionally  used.  The 
cases  most  suitable  are  those  with  abundant  expectoration  occurring  in 
gouty  or  rheumatic  patients.  Onions,  which  contain  a  considerable  amount 
of  sulphur,  are  sometimes  taken  for  their  expectorant  properties. 

Plumbism  is  treated  frequently  by  the  sulphurous  mineral  waters. 
Where  patients  are  unable  to  leave  home  benefit  may  be  derived  from  the 
administration  of  sulphur  internally,  and  the  external  application  of 
sulphur  vapour  baths,  or  baths  containing  alkaline  sulphides.  The  sulphur 
is  supposed  to  combine  with  the  lead,  and  aid  in  its  elimination  from  the 
body ;  marked  relief  of  both  the  colic  and  the  paralysis  sometimes  follows 
this  treatment.  Similar  beneficial  results  are  said  to  have  been  obtained 
in  chronic  mercurial  poisoning  and  tremor,  and  it  has  been  recommended 
as  the  best  means  of  preventing  mercurial  salivation. 

SULPHURETTED  HYDROGEN. 

This  gas,  which  is  not  official,  is  formed  in  the  alimentary  canal  when 
sulphur  or  sulphides  are  administered  by  the  mouth,  but  not  usually  in 
sufficient  quantity  to  cause  toxic  symptoms  when  absorbed.  It  is  the  chief 
toxic  constituent  in  sewer  gas,  and  may  cause  symptoms  of  poisoning,  even 
when  too  dilute  to  be  perceived  by  the  smell  (see  p.  51);  toxic  symptoms 
are  much  more  readily  produced  when  sulphuretted  hydrogen  is  absorbed 
from  the  respiratory  tract  than  when  it  is  present  in  the  alimentary  canal. 

Sulphuretted  hydrogen  has  been  introduced  into  the  rectum  for  thera- 
peutic purposes,  and  forms  an  ingredient  of  the  intestinal  gases  in  health, 
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especially  after  a  flesh  diet,  or  certain  vegetables  such  as  onions,  which 
contain  much  sulphur.  The  amount  of  sulphuretted  hydrogen  in  the  flatus 
is  also  largely  increased  after  exposure  to  the  smell  of  decomposing  animal 
tissues,  as,  for  example,  in  making  post-mortem  examinations. 

Pharmacology. — When  inhaled,  sulphuretted  hydrogen  is  a  power- 
ful poison  to  the  blood,  reducing  the  oxyhremoglobin  and  causing  asphyxia. 
Outside  the  body,  when  added  to  blood,  the  haemoglobin  is  not  only  reduced 
but  decomposed,  and  becomes  of  a  greenish  colour.  The  alkaline  car- 
bonates and  phosphates  of  the  blood  plasma  are  decomposed  ;  and  sulphates, 
sulphites,  and  sulphides  formed. 

On  the  nervous  system  it  has  a  powerful  toxic  action  upon  the  nerve 
centres,  especially  the  respiratory  and  circulatory  centres.  The  voluntary 
muscles  are  also  paralysed.  Warm-blooded  animals  die  from  asphyxia, 
death  is  preceded  by  muscular  tremors  and  convulsions ;  in  cold-blooded 
animals  paralytic  symptoms  are  more  marked.  Dogs  exposed  to  an 
atmosphere  containing  3  per  cent,  of  sulphuretted  hydrogen  quickly  die. 
In  some  respects  the  toxic  action  of  sulphuretted  hydrogen  is  very  similar 
to  that  of  prussic  acid.  The  effects  of  small  doses  of  sulphuretted  hydrogen 
are  practically  the  same  as  the  effects  of  sulphur  already  described. 
Persons  who  habitually  inhale  small  quantities  of  sulphuretted  hydrogen 
are  said  to  suffer  from  amemia  and  general  functional  depression. 

Therapeutics. — Sulphuretted  hydrogen  gas  was  at  one  time  injected 
into  the  rectum  for  the  cure  of  phthisis ;  the  benefit  was  doubtful,  and  the 
proceeding  not  free  from  danger  of  poisoning.  Sulphuretted  hydrogen 
is  an  important  constituent  of  the  sulphurous  mineral  waters,  and  their 
therapeutic  indications  are  similar  to  those  for  the  internal  use  of  sulphur 
itself.  The  alkaline  sulphides  contained  in  some  of  these  waters  act  in 
a  similar  manner. 

POTASSA  SULPHURATA. 
(B.P.  AND  U.S.  P.) 

Sulphurated  potash,  hepar  sulphuris,  or  liver  of  sulphur,  is  a  mixture 
of  salts  of  potassium,  of  which  the  chief  are  potassium  sulphides.  It  is 
obtained  by  fusing  together  1  part  of  sublimed  sulphur  and  2  parts  of 
potassium  carbonate ;  it  forms  solid  greenish  fragments,  liver-brown  when 
recently  broken,  alkaline  in  reaction,  of  acrid  taste.  When  dissolved  in 
water  they  form  a  yellow  solution  which  smells  of  sulphuretted  hydrogen. 
It  should  be  kept  in  closely  stoppered  green  glass  bottles,  and  is  best 
when  freshly  prepared. 

Pharmacology. — Externally  it  is  a  powerful  irritant  to  the  healthy 
or  diseased  skin,  and  excites  inflammation  ;  like  sulphur  it  is  a  parasiticide. 
Internally  it  is  a  local  irritant,  and  in  large  doses  excites  inflammation  of 
the  stomach  and  intestines.  Decomposition  occurs  in  the  alimentary  canal 
with  formation  of  sulphuretted  hydrogen,  the  absorption  of  which  gives 
rise  to  symptoms  of  sulphuretted  hydrogen  poisoning,  and  may  cause 
rapid  death.  Small  doses,  1  to  10  grs.,  act  in  a  similar  manner  to  sulphur, 
but  cause  more  local  irritation. 

Therapeutics. — Scabies  is  sometimes  treated  by  a  weak  ointment 
containing  5  to  20  grs.  to  the  oz.,  or  by  a  bath  containing  1  drm.  of  the 
potassa  sulphurata  to  each  gallon  of  water.  The  alkalinity  of  the  drug 
aids  in  penetrating  the  epidermis,  but  it  may  irritate  the  skin.  Acne 
rosacea,  and  the  indurated  forms  of  acne  vulgaris,  are  frequently  much 
benefited  by  ointments  containing  potassa  sulphurata,  30  grs.  to  1  oz. 
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and  carefully  applied  to  the  affected  parts  only.  Psoriasis  and  chronic 
eczema  are  rarely  treated  by  the  drug  in  ointment  form,  but,  when  the 
disease  is  widespread,  baths  containing  from  30  to  60  grs.  per  gallon,  in 
which  the  patient  remains  from  ten  minutes  to  an  hour,  are  occasionally 
useful.  The  natural  sulphurous  waters,  of  which  this  bath  is  an  imitation, 
are  also  largely  used  for  the  treatment  of  these  conditions.  Chronic 
rheumatism,  rheumatoid  arthritis,  and  chronic  plumbism  are  also  frequently 
benefited  by  similar  baths. 

There  is  no  evidence  that  potassa  sulphurata  possesses  any  greater 
remedial  value  than  sulphur  itself  or  calx  sulphurata,  and,  as  it  is  a  more 
powerful  irritant,  its  use  is  best  restricted  to  external  application. 

CALX  SULPHURATA. 
(B.P.  AND  U.S.P.) 

Sulphurated  lime,  or  calcium  sulphide,  is  a  greyish-white  powder, 
smelling  of  sulphuretted  hydrogen,  and  is  prepared  by  reducing  calcium 
sulphate.  It  is  a  mixture  containing  a  variable  amount  of  calcium  sulphide 
with  calcium  sulphate  and  carbon ;  it  ought  to  be  freshly  prepared,  and  to 
contain  nearly  50  per  cent,  of  the  sulphide.  It  is  only  slightly  soluble  in 
water.  After  heating,  some  forms  of  it  become  luminous  in  the  dark,  and 
are  called  Canton's  phosphorus.  The  dose  is  \  to  1  gr. 

Pharmacology. — External. — It  is  irritant  to  the  skin,  and  para- 
sticide.  It  has  also  a  powerful  destructive  effect  upon  the  hair,  nails,  and 
other  horny  tissues,  converting  them  into  a  soft  gelatinous  mass. 

Internal. — Small  doses  may  cause  a  sensation  of  warmth  at  the  epi- 
gastrium, and  produce  slight  relaxation  of  the  bowels.  Large  doses  act 
as  an  irritant  poison,  but  not  so  powerfully  as  the  potassa  sulphurata. 
Calx  sulphurata  is  believed  by  some  to  have  a  specific  effect  upon  the 
process  of  suppuration,  hastening  the  discharge  of  pus  if  already  formed, 
and  checking  its  formation  if  the  inflammation  has  not  already  reached 
the  suppurative  stage. 

Therapeutics. — External. — Calcium  sulphide  is  the  active  con- 
stituent of  Vlemingkx's  solution  (vide  Sulphur)  and  similar  preparations. 
It  is  also  used  as  a  depilatory,  in  the  form  of  a  paste  made  by  passing 
sulphuretted  hydrogen  into  a  thick  milky  mixture  of  lime  and  water. 
This  is  applied  to  the  hairy  part  for  a  few  minutes,  and  then  scraped 
gently  off,  and  the  denuded  skin  immediately  washed  ;  repeated  applica- 
tions are  apt  to  set  up  dermatitis,  and  the  barium  sulphide  is  a  more 
convenient  application. 

Internal. — The  chief  use  of  calcium  sulphide  is  in  cases  of  furuncu- 
losis,  where  repeated  outbreaks  of  boils  or  carbuncles  occur.  It  is  also 
useful  in  acne  vulgaris,  especially  in  cases  where  the  suppuration  is  deeply 
seated  and  there  is  considerable  induration.  Tuberculous  adenitis  of  the 
cervical  glands  is  frequently  benefited  by  calcium  sulphide,  especially 
where  the  skin  is  giving  way  and  sluggish  tuberculous  ulcers  are  form- 
ing. In  dental  practice  it  has  been  found  useful  in  periodontitis  and 
alveolar  abscess,  and  in  ophthalmic  practice  it  is  given  for  strumous 
ophthalmia. 

The  usual  dose  is  too  small,  and  may  perhaps  account  for  the  dis- 
couraging results  obtained  by  some  who  have  tried  the  drug.  The  author 
commences,  for  adults,  with  1  gr.  in  pill  with  an  equal  quantity  of  milk 
sugar,  three  times  a  day  immediately  after  meals,  and  has  found  distinct 
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benefit  from  its  use  in  boils  and  suppurative  folliculitis,  and  no  disad- 
vantage save  occasionally  some  excess  of  offensive  flatus.  The  pills  require 
to  be  taken  for  two  or  three  weeks,  and  if  necessary  may  be  given  more 
frequently,  which  is  preferable  to  increasing  the  dose  in  each  pill.  Care 
should  be  taken  to  use  only  a  freshly  prepared  and  active  drug,  and  not 
to  keep  the  pills  too  long.  Calcium  sulphide  has  also  been  recommended 
in  diphtheria,  measles,  scarlatina,  and  whooping-cough,  but  its  value  in 
these  diseases  is  not  yet  determined. 

BARIUM  SULPHIDE. 

Barium  sulphide  (not  official)  is  a  white  powder,  soluble  in  water.  It 
is  luminous  in  the  dark,  and  sometimes  known  as  Bolognian  phosphorus. 

Barium  sulphide  is  only  used  as  a  depilatory ;  it  is  very  effective  and 
less  irritant  than  the  calcium  sulphide.  It  is  used  by  mixing  it  intimately 
with  starch  powder  (1  to  3,  or  stronger  up  to  equal  parts),  or  with  equal 
parts  of  starch  and  oxide  of  zinc  (Unna).  When  required  for  use  the  powder, 
which  is  kept  in  a  closely  stoppered  bottle,  is  made  into  a  thin  paste  with 
water  and  spread  over  the  skin ;  after  five  to  ten  minutes  it  is  scraped 
off,  and  the  slight  redness  soon  disappears  if  the  skin  is  washed  with  warm 
water.  (For  other  salts  of  Barium,  see  p.  354.) 

IODIDE  OF  SULPHUR. 
(B.P.  AND  U.S. P.) 

Iodide  of  sulphur  is  a  greyish  black  solid  substance  obtained  by  heating 
4  parts  of  iodine  with  1  of  sulphur.  It  has  the  smell  of  iodine,  stains  the 
skin,  and  gives  off  the  violent  vapours  of  iodine  on  warming.  The  British 
Pharmacopeia  has  an  official  ointment. 

Pharmacology. — This  is  largely  that  of  iodine  (see  p.  449).  The 
drug  is  irritant  to  the  skin,  and  a  powerful  parasiticide.  In  a  diluted  form 
it  is  a  stimulant  to  the  cutaneous  glands,  and  aids  in  the  absorption  of 
inflammatory  exudation.  Internally  its  action  is  that  of  iodine,  the  pro- 
portion of  sulphur  not  being  sufficient  to  produce  any  effect  in  the  small 
doses  in  which  it  can  be  administered. 

Therapeutics. — The  ointment  is  especially  useful  in  parasitic  skin 
diseases.  Tinea  tonsurans  and  tinea  circinata  are  frequently  much  benefited, 
and  the  latter  cured  by  a  few  applications ;  it  is  one  of  the  most  valuable 
applications  for  the  routine  treatment  of  ringworm.  Acne  rosacea  and  the 
indurated  forms  of  acne  vulgaris  are  often  relieved  by  the  official  ointment, 
or  a  more  diluted  form  if  there  is  much  irritation  of  the  diseased  area. 
Lupus  vulgaris  and  other  forms  of  tuberculosis  of  the  skin  are  frequently 
improved.  Chronic  eczema  arid  psoriasis  have  been  treated  by  the  iodide 
of  sulphur,  but  as  a  rule  the  amount  of  irritation  caused  is  out  of  propor- 
tion to  the  benefit  derived ;  if  used  at  all,  it  ought  only  to  be  applied  to 
chronic  patches  of  small  size.  The  ointment  requires  to  be  very  carefully 
prepared,  otherwise  small  gritty  masses  of  the  drug  are  left,  each  of  which 
causes  a  focus  of  acute  dermatitis.  Iodide  of  sulphur  has  been  employed 
as  a  means  of  obtaining  the  vapour  of  iodine  for  inhalation  in  cases  of 
chronic  bronchitis,  phthisis,  or  asthma.  A  few  grains  are  added  to  hot 
water  in  an  ordinary  inhaler ;  it  has  no  advantages  over  the  tincture  of 
iodine  for  this  purpose.  Iodide  of  sulphur  was  at  one  time  given  in  doses 
of  1  to  6  grs.  in  pill  as  an  alterative,  but  is  not  now  used. 
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CHLORIDE  OF  SULPHUR. 

Of  the  chlorides  of  sulphur  the  monochloride,  S..C1.,,  is  the  most  stable, 
and  is  sometimes  used  in  medicine  under  the  name  of  sulphur  hypochlorite. 
It  is  a  clear  yellow  liquid  with  a  disagreeable  smell,  and  fumes  in  the  air  ;  it 
is  decomposed  by  water.  Chloride  of  sulphur  is  now  only  used  externally 
as  an  ointment  for  the  treatment  of  acne,  in  a  strength  of  5  to  lf>  minims 
to  the  ounce.  It  is  very  apt  to  irritate,  but  occasionally  does  good  when 
milder  preparations  of  sulphur  have  failed.  It  has  also  been  used  for 
scabies,  but  has  no  advantage  over  milder  preparations. 

A  preparation  known  as  hypochloride  of  sulphur  is  frequently  em- 
ployed instead  of  the  liquid  chloride.  It  consists  of  a  mixture  of  sulphur 
and  chloride  of  sulphur,  in  the  form  of  a  pale  yellow  crystalline  powder, 
obtained  by  saturating  sulphur  spread  out  in  thin  layers  with  chlorine 
gas.  One  drm.  of  the  powder  is  equal  to  8  minims  of  the  liquid  chloride, 
the  remainder  being  sulphur.  It  has  the  smell  of  the  liquid  preparation, 
but  is  less  irritating ;  it  loses  chlorine  on  keeping.  No  chlorides  of  sulphur 
are  official. 

SULPHUROUS  ACID. 
(B.P.  AND  U.S.P.) 

Sulphurous  acid  is  an  aqueous  solution,  containing  64  per  cent,  of 
hydrogen  sulphite,  H.2S03,  corresponding  to  5  per  cent,  by  weight  of 
sulphurous  anhydride,  S02.  The  S02  may  be  prepared  by  burning  sulphur 
in  air  or  oxygen,  or  by  reducing  H2S04  by  boiling  it  with  carbon,  mercury, 
or  copper.  The  solution  is  acid  in  reaction,  has  an  irritating  characteristic 
smell,  but  a  not  unpleasant  taste.  The  dose  is  \  to  1  fluid  drm.  diluted 
with  water. 

Pharmacology. — External. — Sulphurous  acid  is  a  powerful  de- 
oxydising  or  reducing  agent,  and  decomposes  organic  bodies  by  taking  from 
them  oxygen  and  water.  The  sulphuric  acid  into  which  it  is  thus 
converted  may  act  as  an  irritant,  but  is  rarely  formed  in  sufficient  quantity 
to  exercise  any  appreciable  effect.  Owing  to  this  property  sulphurous 
acid  is  a  powerful  poison  to  parasitic  organisms,  especially  to  those  of 
a  vegetable  character.  A  solution  containing  1  in  2000  will  soon  destroy 
some  forms  of  bacteria,  but  other  forms  are  more  resistant,  and  anthrax 
spores  will  remain  alive  after  exposure  to  a  5  per  cent,  solution  of  S02 
for  several  days.  The  gaseous  S02,  in  the  proportion  of  1  per  cent.,  will 
destroy  anthrax  bacilli  in  half  an  hour,  especially  if  moisture  is  present, 
but  the  anthrax  spores  resist  exposure  to  a  6  per  cent,  strength  of  the  gas 
for  several  days.  The  activity  of  unformed  ferments  is  also  abolished  or 
diminished  by  sulphurous  acid;  1  part  in  1300  will  arrest  the  action  of 
pepsin,  1  in  8600  that  of  ptyalin  and  diastase,  and  1  in  20,000  that  of 
myrosin  and  emulsin. 

Weak  solutions  of  sulphurous  acid  have  no  effect  upon  the  unbroken 
skin.  Applied  to  ulcers  and  raw  surfaces  it  acts  by  virtue  of  its  acidity 
as  a  slight  astringent  and  stimulant  as  well  as  an  antiseptic. 

Internal. — The  pure  gas,  S02,  when  inhaled,  causes  spasm  of  the 
glottis.  Mixed  with  air  it  may  be  breathed,  but  unless  largely  diluted  it 
acts  as  an  irritant  to  the  lungs,  and  causes  coughing  and  sensations  of 
heat  and  pain,  which  may  be  followed  by  acute  bronchitis.  Solutions  of 
the  acid  taken  into  the  stomach  act  upon  the  gastric  mucous  membrane 
like  other  mineral  acids  of  equivalent  strength.  Upon  the  contents  of 
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the  stomach,  however,  the  drug  has  in  addition  au  antiseptic  action, 
destroying  any  sarcime  or  torula1  which  may  be  present,  and  thus  pre- 
venting fermentation.  The  action  of  the  digestive  ferments  will  also  be 
interfered  with.  Sulphurous  acid  is  rapidly  oxydised  in  the  body,  and 
absorption  takes  place  in  the  form  of  alkaline  sulphates  which  have,  iu 
the  quantities  thus  produced,  no  effect  upon  the  tissues  and  organs. 
Excretion  takes  place  by  the  kidneys  or  alimentary  canal  in  the  form 
of  sulphates. 

Therapeutics. — External. — For  the  use  of  sulphurous  anhydride  as 
a  disinfectant  for  rooms,  the  article  on  sulphur  (p.  486)  may  be  consulted. 
The  gas  has  been  used  as  a  remedy  for  scabies,  in  the  form  of  a  vapour- 
bath,  but  is  less  certain  than  other  applications.  It  has  also  been  inhaled 
in  small  quantities  as  an  antiseptic  in  cases  of  laryngeal  and  pulmonary 
diseases,  especially  phthisis.  The  official  acid,  or  the  same  diluted,  is 
sometimes  used  as  a  spray  in  the  ulcerated  throat  of  scarlet  fever,  in 
diphtheria,  and  septic  sore  throats.  Weak  solutions  are  also  used  as 
gargles  or  applied  by  means  of  a  brush  in  the  same  class  of  cases.  Lotions 
of  sulphurous  acid  in  the  official  strength,  or  diluted,  with  or  without  the 
addition  of  glycerin,  are  frequently  used  for  parasitic  skin  diseases,  and 
for  the  relief  of  pruritus.  In  ringworm  a  solution  of  1  in  4  is  at  times  of 
benefit,  and  the  same  solution  with  a  little  glycerin  will  remove  chloasma 
by  destroying  the  microsporon  furfur,  in  a  few  applications.  Some 
observers  have  also  found  benefit  in  favus.  The  solution  diluted  is  a  good 
application  for  thrush.  As  a  lotion  to  foul  ulcers  or  wounds,  1  to  8  acts 
as  a  stimulant  antiseptic,  and  restores  a  healthy  activity  to  the  tissues. 

Internal. — It  is  chiefly  used  in  cases  of  dilated  stomach,  the  contents 
of  which  undergo  fermentation,  and  contain  sarcime  and  toruhe;  doses 
of  10  to  20  minims  well  diluted  will  frequently  stop  the  fermentation, 
and  relieve  flatulence  and  discomfort.  In  pyrosis  and  certain  forms  of 
flatulent  dyspepsia  10  to  15  minims  taken  ten  minutes  before  each  meal 
seldom  fail  to  be  of  service.  It  has  also  been  used  as  a  prophylactic 
against  cholera,  and  as  an  intestinal  disinfectant,  but  evidence  is  wanting 
as  to  its  efficacy.  For  internal  administration  the  sulphite  or  thiosulphate 
of  sodium  is  often  preferred  to  the  solution  of  the  acid. 

SODIUM  SULPHITE  AND  SODIUM  HYPOSULPHITE. 

(B.P.  ANDU.S.P.)  (U.S.  P.) 

These  salts  are  not  infrequently  used  in  place  of  the  solution  of  sul- 
phurous acid ;  the  former  in  doses  of  5  to  20  grs.,  the  latter  sometimes  up 
to  60  grs. 

Pharmacology. — In  very  large  doses  sulphites  act  as  poisons  to 
vertebrate  animals,  depressing  the  heart  and  circulation  generally,  and 
also  respiration.  They  are,  however,  so  rapidly  converted  into  non- 
poisonous  sulphates  by  oxidation  that  sudden  recovery  is  said  to  occur 
even  in  animals  presenting  symptoms  of  severe  poisoning.  Solutions  of 
the  sulphite  and  hyposulphite  are  weak  antiseptics,  but  stronger  solutions 
of  them  can  be  used  than  of  the  free  acid,  owing  to  their  less  irritating 
properties. 

Therapeutics. — Solutions,  1  to  8  or  1  to  10,  of  either  salt  are  useful 
and  effective  lotions  for  chloasma,  and  for  ringworm  of  the  body ;  hypo- 
sulphite appears  to  be  the  more  powerful  of  the  two.  In  ringworm  of  the 
scalp  they  are  only  useful  in  superficial  and  early  cases.  A  lotion  contain- 
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ing  free  sulphurous  acid  is  easily  made  by  adding  1  drm.  of  dilute  sulphuric 
acid  to  4  oz.  of  a  solution  of  the  hyposulphite,  1  in  6  or  1  in  8. 

The  sulphite  and  hyposulphite,  often  called  thiosulphite,  are  given  for 
gastric  disturbances,  with  flatulence  and  fermentation,  in  place  of  the 
sulphurous  acid. 

ICHTHYOL. 

The  ichthyol  commonly  used  is  the  ammonium  sulpho-ichthyolate,  or 
ichthyol-sulphonate.  It  is  not  official.  Combinations  of  sulpho-ichthyolic 
(or  ichthyol-sulphonic)  acid  with  sodium,  lithium,  mercury,  and  zinc  are 
prepared,  but  rarely  employed.  Ichthyol  forms  a  dark  brown  viscid 
liquid,  with  a  disagreeable  tarry  smell,  readily  soluble  in  water  and  in  a 
mixture  of  equal  parts  of  alcohol  and  ether.  It  is  prepared  by  the  dry 
distillation  of  a  mineral  found  in  the  Tyrol,  which  consists  largely  of 
remains  of  fossilised  fish.  The  crude  tarry  volatile  oil  is  treated  with 
strong  sulphuric  acid  at  a  temperature  of  212°  F.,  and  the  ichthyol  - 
sulphuric  acid  formed  neutralised  by  ammonia.  It  contains  15  per  cent, 
of  sulphur  in  combination  with  oxygen  and  carbon. 

Pharmacology. — External.— It  acts  on  the  skin  as  a  reducing 
agent,  taking  oxygen  from  the  tissues.  It  is  asserted  to  exercise  a  peculiar 
contractile  power  upon  dilated  blood  vessels,  and  when  applied  to  inflamed 
skin  usually  produces  diminution  of  pain,  heat,  redness,  and  swelling.  It 
also  aids  in  the  absorption  of  inflammatory  exudations.  It  acts  as  an 
antiseptic  in  preventing  the  development  of  micro-organisms ;  1  per  cent, 
is  fatal  to  the  gonococcus. 

Internal. — Ichthyol  taken  by  the  mouth  in  small  doses  is  absorbed 
from  the  alimentary  canal,  and  partially,  at  any  rate,  broken  up  in  the 
body,  since  one-third  of  the  sulphur  contained  in  it  is  excreted  by  the 
urine..  The  remainder  of  the  sulphur  and  the  other  constituents  pass  out 
with  the  faeces;  but  it  is  believed  by  some  that  even  these  have  been 
absorbed  and  re-excreted  by  the  intestinal  glands.  In  large  doses  ichthyol 
stimulates  peristalsis,  and  has  a  laxative  action.  The  excretion  of  ichthyol 
is  not  complete  until  about  seven  days  after  its  administration  has  been 
discontinued.  In  the  alimentary  canal  it  acts  as  an  intestinal  antiseptic. 
While  in  the  body  it  is  believed  to  act  in  at  least  four  directions,  namely 
— (1)  as  an  antiseptic,  (2)  as  a  contractor  of  blood  vessels,  (3)  as  a  reducing 
agent  to  the  tissues,  (4)  as  a  modifier  of  metabolism,  retarding  the  dis- 
integration of  albuminoid  substances,  and  favouring  their  formation  and 
assimilation. 

Even  in  large  doses  ichthyol  appears  to  be  free  from  poisoning  pro- 
perties, 5  drms.  given  to  dogs  caused  no  symptoms  beyond  diarrhcea. 
After  a  course  of  ichthyol  the  patient  may  show  similar  symptoms  to 
those  produced  by  a  course  of  sulphur. 

Therapeutics. — During  the  last  few  years  ichthyol  has  been  largely 
used  both  externally  and  internally  in  a  very  wide  range  of  diseased  con- 
ditions, and  has  been  so  highly  praised  by  some  observers  that  others  look 
upon  it  with  the  suspicion  with  which  any  reputed  panacea  is  naturally 
regarded.  Careful  observation  by  unprejudiced  observers  will  in  time 
determine  the  true  position  of  ichthyol;  in  the  meantime  it  is  only 
necessary  to  mention  the  conditions  for  which  it  is  chiefly  recommended, 
and  to  say  that  in  the  hands  of  the  author  it  has  proved  a  useful  local 
remedy  in  hypercemic  conditions  of  the  skin,  but  that  internally  it  has  so 
far  failed  to  justify  the  encomiums  of  its  more  enthusiastic  advocates. 
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External.— Ointments  containing  2  to  50  per  cent,  arc  used.  Watery 
solutions,  \  to  5  per  cent.,  as  injections  or  lotions,  25  to  50  per  cent,  as  paints, 
which  dry  on  the  skin.  Solutions  in  glycerin,  5  to  10  per  cent.,  as  paints 
and  for  tampons.  Collodine  2  parts  with  1  of  ether  and  1  of  ichthyol  as  a 
paint.  It  is  sometimes  applied  pure.  Erysipelas  is  rapidly  checked  by  a 
strong  ointment  or  paint  applied  over  and  beyond  the  affected  area.  Acne 
vulgaris,  acne  rosacea,  eczema  and  allied  conditions  of  dermatitis,  erythema 
multiforme,  erythema  pernio,  lupus,  lupus  erythematosus,  furunculus, 
sycosis,  and  superficial  burns  are  the  chief  diseases  of  the  skin  in  which 
there  is  most  evidence  of  its  value.  Chronic  ulcers  of  the  leg  sometimes 
improve  under  ichthyol.  Keloid  is  another  condition  in  which  good  results 
have  been  reported,  but  in  this  disease,  and  also  in  morphcea,  the  author 
has  seen  no  benefit.  Cracked  nipples,  anal  fissures,  and  haemorrhoids  have 
been  successfully  treated,  and  also  blepharitis.  IHs  used  as  a  dressing  to 
incised  wounds,  and  after  operations.  It  has  been  applied  to  sprained 
joints,  and  also  to  joints  inflamed  by  rheumatism  or  gout.  In  gynaecological 
practice  it  is  used  in  the  form  of  tampons  in  inflammatory  conditions  of 
the  uterus,  tubes,  ovaries,  and  pelvic  cellular  tissues ;  as  a  paint  or  lotion 
in  erosions  of  the  cervix,  leucorrhoea,  gonorrhoea,  and  pruritus  vulvse. 
Injections  up  to  3  per  cent,  are  used  in  cystitis  and  gonorrhoea. 

Internal. — It  may  be  given  in  capsules,  pills,  or  watery  solution,  the 
taste  being  masked  by  some  essential  oil.  Pills  are  best  made  from  the 
sodium  compound,  which  is  of  more  solid  consistence.  The  dose  is  up  to 
15  grs.  a  day.  It  has  also  been  given  subcutaneously.  The  drug  is  often 
given  internally  in  cases  in  which  it  is  also  applied  locally,  such  as  the 
various  skin  diseases,  rheumatism,  and  pelvic  inflammations.  Urticaria  and 
acne  rosacea  are  especially  noted  by  many  authors  as  benefited  by  3  to  5 
grs.  two  or  three  times  a  day.  In  certain  forms  of  dyspepsia,  and  as  a 
gastro-intestinal  antiseptic  and  laxative,  ichthyol  is  well  spoken  of  by 
some  writers ;  others  recommend  it  also  for  diseases  of  the  kidneys  with 
albuminuria.  It  has  recently  been  used  in  phthisis,  and  Unna  reports  a 
case  of  leprosy  successfully  treated  by  the  internal  and  external  use  of 
ichthyol. 

THIOL  (not  official)  is  an  artificial  product  consisting  of  sulphonised 
hydrocarbons  obtained  from  coal,  and  is  used  as  a  substitute  for  ichthyol. 
It  has  the  advantage  of  not  possessing  the  peculiar  unpleasant  smell  and 
taste  of  ichthyol ;  its  therapeutic  value  has  still  to  be  determined.  It  is 
used  in  similar  cases,  and  some  writers  report  very  favourably  of  its  action. 

TUMENOL  is  a  similar  product,  obtained  from  mineral  oil. 
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THE  ANTIPYRETIC  AND  ANALGESIC  DRUGS  OF  THE 
COAL  TAR  GROUP. 

PHENAZONE,  PHEXACETIN,  ACETANILIDE,  EXALGIN,  RESORCIN,  PHENOCOLL, 

METHYLENE-BLUE. 

FEW  groups  of  drugs  have  provided  the  manufacturers  with  such 
fortunes,  physicians  with  such  therapeutic  resources,  and  the  laity  with  so 
many  semi- proprietary  remedies  as  have  the  so-called  antipyretic  or 
analgesic  derivatives  of  coal  tar.  Nor  is  there  any  group  which  illustrates 
so  well  the  close  relation  between  chemistry  and  practical  therapeutics, 
and  the  relation  of  chemical  constitution  to  physiological  action.  Again, 
the  student  in  the  future,  and  the  practitioner  of  to-day,  can  read  in  the 
history  of  these  remedies  exceedingly  important  lessons,  which,  however, 
have  been  read  so  often  without  effect  in  the  case  of  other  drugs  that  we 
are  fearful  they  will  be  again  disregarded.  The  first  lesson  is  to  be  found 
in  the  excessive  views  which  were  held  about  fifteen  or  twenty  years  ago 
as  to  the  harmfulness  of  fever.  At  that  time,  from  the  highest  to  the 
lowest  in  the  profession,  the  fad  was  to  regard  fever  as  a  most  deleterious 
factor  in  a  case,  and  to  treat  it  as  if  it  were  a  part  of  the  disease,  or  the 
disease  itself,  instead  of  a  symptom  of  almost  all  infections,  and  one  which 
in  itself  is  not  capable  of  doing  harm,  unless  it  is  excessive  or  very  pro- 
longed. We  were  told  that  not  only  did  fever,  when  sufficiently  high, 
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coagulate  the  protoplasm  of  vital  parts,  but  that  the  patient  was  having 
his  tissues  burnt  up,  and  that  this  excessive  combustion,  or  conliagration, 
must  be  arrested  even  though  the  disease  spent  itself  unaltered  in  its 
other  clinical  manifestations  and  pathological  tendencies.  The  discovery 
by  numerous  laboratory  investigations  that  this  group  of  drugs  decreased 
heat  production,  and  increased  heat  dissipation,  seemed  to  fit  them  in  a 
peculiar  manner  to  meet  the  therapeutic  needs  of  the  hour,  and  they  were 
tested  on  a  scale  of  experimental  therapeutics  hardly  before  equalled.  At 
first,  cases  of  so-called  "untoward  effects"  were  frequently  recorded,  with 
fortunately  very  few  fatal  cases.  Often  these  effects  were  due  to  heroic 
doses  ;  in  other  cases,  when  patients  in  low  fevers  received  the  drug,  the  fall 
of  temperature  which  succeeded  produced  collapse ;  while  in  maladies  like 
pneumonia,  with  deficient  aeration  of  the  blood,  or  other  pulmonary  affec- 
tions, cyanosis,  excessive  sweating,  and  feebleness  of  the  circulation  occurred. 

As  the  fad  for  antipyresis  waned  by  its  loss  of  novelty,  physicians 
began  to  ask  each  other  whether  these  drugs  which  acted  so  well  in 
reducing  fever  had  any  influence  in  shortening  the  course  of  the  disease,  and 
it  was  speedily  determined  that  they  did  not.  Simultaneously,  the  increas- 
ingly thorough  investigations  into  the  pathology  of  fever,  and  our  increased 
knowledge  of  the  life  history  of  the  organisms  causing  disease,  made  it  clear 
that  fever  was  a  comparatively  unimportant  factor  in  a  given  case, 
unless  excessive ;  and  it  begins  to  be  apparent  that  fever  is  not  only  not  a 
peculiarly  harmful  process,  but  in  some  cases  may  be  actually  of  value,  in 
that  it  may  render  the  system  less  favourable  for  the  growth  of  the  infect- 
ing organism,  aid  in  oxidising  its  poison,  and  even  may  aid  in  the  production 
of  protective  antitoxines.  Thus  fever  perhaps  becomes,  as  Hale  White  has 
said,  a  "  protective  mechanism."  While  this  view,  that  fever  may  be  useful 
instead  of  injurious,  is  not  as  yet  based  on  undeniable  facts,  interesting 
material  is  not  lacking  in  this  direction.  Finally,  the  recollection  of  the 
fact  that  the  use  of  these  drugs  necessitates  their  absorption  and  elimina- 
tion, changed  or  unchanged,  and  that  in  these  processes  they  may  be  guilty 
of  a  deleterious  influence,  has  still  further  decreased  their  popularity  as  anti- 
pyretics, while  the  discovery  that  all  of  them  possess  pain-relieving  properties 
has  also  diverted  attention  to  their  use  for  other  purposes  than  antipyresis. 

As  this  article  is  not  intended  to  deal  with  fever  itself,  it  will  be  out  of 
place  to  discuss  the  researches  and  papers  on  pyrexia,  which  have  been 
published  by  many  skilled  original  investigators,  of  whom  Wood  in 
America,  Hale  White  in  England,  and  Aronsohn  and  Sachs  in  Germany 
are  perhaps  the  most  prominent.  Nor  is  this  the  place  for  a  discussion  of 
hydrotherapy  in  fever  (see  article  "  Baths  "),  and  of  the  very  able  thermo- 
metrical  studies  made  by  Winternitz,  Liebermeister,  Brand,  and  others 
upon  the  influence  of  cold  on  febrile  movements,  and  the  course  of  the 
disease  itself.  It  is  simply  the  object  of  this  article  to  deal  with  the  drugs 
themselves.  Before  doing  so,  however,  the  writer  wishes  to  state  that  these 
remedies  have  a  very  limited  sphere  of  usefulness  in  the  treatment  of  fever, 
and  should,  in  his  opinion,  be  used  only  under  peculiar  circumstances. 

PHENAZONE. 

(B.P.) 

This  drug,  known  popularly  as  antipyrine,  as  phenyl-dimethyl-pyrazolon 
in  chemical  terms,  and  as  analgesine  in  France,  was  first  prepared  by 
Ludwig   Knorr  in  1884,  and  first  tested  clinically  as  an  antipyretic  by 
32 
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Filehne  in  the  same  year.  It  is  soluble  in  less  than  1  part  of  water,  in 
1  part  of  chloroform  or  rectified  spirit,  and  in  50  parts  of  ether.  It  is 
a  base  capable  of  forming  salts  by  direct  combination  with  acids. 

Pharmacology. — Space  does  not  permit  a  full  discussion  of  this 
subject.  The  references  appended  give  most  of  the  important  papers 
dealing  with  the  pharmacology  of  antipyrine.  Suffice  it  to  state  that  the 
drug  acts  chiefly  upon  the  nervous  portions  of  the  body.  Poisonous  doses 
cause  violent  tetanic  and  epileptiform  convulsions.  Medicinal  doses 
cause  a  decrease  in  reflex  activity,  due  to  a  depressant  effect  on  the 
sensory  side  of  the  spinal  cord  and  nerves. 

Pyrexia. — Antipyrine  decreases  fever  by  decreasing  heat  production  and 
increasing  heat  dissipation,  the  latter  process  being  well  marked  as  com- 
pared to  the  effects  of  other  drugs  of  this  class.  Upon  normal  bodily  heat  it 
exercises  no  effect  in  medicinal  doses.  The  question  arises,  as  to  how  these 
effects  are  produced.  That  they  do  not  depend  upon  the  influence  of  the  drug 
or  on  its  oxygen-bearing  properties,  is  proved  by  the  fact  that  medicinal  doses, 
too  small  to  act  on  the  blood  (for  spectroscopic  tests  are  negative),  produce 
a  fall  of  temperature  in  fever.  That  the  sweat  which  accompanies  the  fall 
does  not  play  much  part  in  the  antipyresis,  is  proved  by  the  fact  that  if 
sweating  is  prevented  by  a  dose  of  atropine  the  fall  nevertheless  occurs, 
and,  in  addition,  it  takes  place  in  non-sweating  animals.  Without  doubt 
the  effect  is  largely  the  result  of  the  influence  on  the  nervous  heat  centres, 
and  probably  on  the  tissues  themselves.  In  the  first  place,  the  drug 
reduces  in  an  active  manner  the  high  temperatures  which  follow  injuries 
to  those  areas  of  the  brain  which  experiment  has  shown  to  be  closely 
associated  with  the  heat  mechanism,  as  for  example  puncture  of  the  corpus 
striatum.  In  the  second  place,  the  fact  that  we  have  eliminated  the 
ordinary  causes  of  a  fall  points  to  its  nervous  action  ;  and,  finally,  because 
Hoch  has  found  that,  if  the  crus  be  cut  in  the  posterior  portion,  a  great 
rise  of  temperature  occurred  which  antipyrine  could  not  control.  In 
other  words,  it  controls  the  fever  due  to  puncture  of  the  corpus  striatum, 
but  not  that  due  to  section  of  the  crus,  and  Martin  has  proved  that  in 
fever  due  to  damage  of  the  corpus  striatum  the  drug  prevents  heat  pro- 
duction. How  it  does  this  we  do  not  know,  because  we  do  not  know 
enough  about  the  so-called  "  heat  centres."  It  may  be  possible  that  the 
crus  cerebri  possesses  a  function  designed  to  decrease  heat  production,  and 
when  this  is  intact  the  fever  of  injury  to  the  corpus  striatum  may  be  con- 
trolled, whereas  when  it  is  destroyed  fever  rapidly  develops,  and  antipyrine 
is  powerless  to  control  it.  So,  too,  Sawadowski  has  found  that  if ,  the  cord 
of  a  dog  be  cut,  antipyrine  fails  to  control  the  fever,  perhaps  because  the 
body  is  cut  off  from  its  heat-controlling  apparatus  in  the  higher  parts  of 
the  nervous  system. 

Metabolism. — Antipyrine  probably  decreases  tissue  waste,  for  the  nitrogen 
eliminated  under  its  influence  is  less  than  normal.  This  is  not  due  solely 
to  a  reduction  in  fever,  for  it  occurs  in  afebrile  animals,  and  man,  whose 
normal  temperature  is  unaffected  by  the  drug. 

Circulation. — Upon  the  circulation  the  effect  of  antipyrine  is  not  marked, 
but  its  tendency  is  depressant  rather  than  stimulant,  and  it  lowers 
vasomotor  tone. 

Respiration. — The  respiration  is  practically  unaffected  by  medicinal 
doses.  In  poisonous  doses  it  causes  death  by  respiratory  failure. 

Elimination.— Antipyrine  is  eliminated  very  rapidly,  chiefly  by  the 
kidneys. 
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Toxicology. — When  antipyrine  is  given  to  a  healthy  man,  in  moderate 
dose,  it  produces  no  noticeable  effect,  even  the  normal  body  temperature 
being  hardly  changed  ;  but  if  the  dose  is  constantly  repeated,  or  if  it  be  large 
(20  to  40  grs.), — then  a  definite  train  of  symptoms  manifest  themselves. 
Slight  fulness  of  the  head  or  dizziness  may  come  on,  the  pulse  becomes 
less  full  and  strong,  and  the  patient's  face,  particularly  if  seen  from  the 
distance  of  several  feet,  has  a  peculiar  livid  or  dusky  appearance.  Even 
before  this  facial  evidence  of  alteration  of  the  haemoglobin  is  noticeable, 
close  inspection  of  the  blood  in  the  fine  capillaries  under  the  thumb-nail 
may  reveal  some  duskiness.  A  dose  of  60  grs.  produces  violent  headache, 
nausea,  vomiting,  cyanosis,  coldness  of  the  extremities,  collapse,  and 
profuse  sweating.  Indeed,  the  general  condition  may  be  very  alarming, 
and  seem  to  presage  death.  In  the  lower  animals,  very  large  doses, 
particularly  if  they  are  injected  into  the  blood  vessels,  produce  exceedingly 
violent  epileptiform  and  tetanic  convulsions. 

When  undue  susceptibility  to  the  drug  is  present,  because  of  idiosyn- 
crasy or  because  of  disease,  a  very  varied  series  of  symptoms  may  develop. 
In  nervous  women,  attacks  of  fainting  may  supervene,  or  in  their  place 
violent  cardiac  palpitation  may  ensue.  Such  symptoms  are  most  commonly 
met  with  in  women  who  are  suffering  from  nervous  headache,  who  are  often 
anaemic,  and  who  have  taken  large  doses  on  their  own  initiative.  In  other 
instances,  particularly  in  blonde  children,  various  rashes  develop  after  even 
moderate  doses.  Most  commonly  the  rash  is  closely  allied  to  that  of 
measles,  sometimes  it  is  distinctly  scarlatiniform,  rarely  it  is  papular. 
Both  in  children  and  adults  it  may  amount  to  an  eruption  like  pemphigus, 
or  even  large  bullse  may  appear. 

Some  years  ago,  the  writer  collected  from  medical  literature  all  the 
cases  of  untoward  effects  produced  by  antipyrine,  and,  while  many  instances 
have  been  since  reported,  these  original  statistics  give  us  the  facts  we 
require.  It  is  seen  from  these  statistics  that  the  number  of  instances 
where  untoward  effects  were  present  in  females  is  largely  in  excess  of  those 
instances  in  which  they  occurred  in  males ;  and  it  is  also  worthy  of  note 
that  the  prevailing  age  was  decidedly  that  of  full  adult  life,  namely,  from 
30  to  40  years,  both  in  males  and  females,  as  may  be  seen  from  the 
following  tables : — 


Females. 

Age,       1  to  10  years,       6  cases. 
10        20  12 

30 


Males. 


20 
30 
40 
50 
60 


40 
50 
60 
70 


15 
2 

2 
4 


20 
30 
40 
50 
60 


30 
40 
50 
60 
70 


5  „ 
4  „ 
3  „ 

1  case. 

1 


I  found  that  the  dose  which  caused  untoward  effects  was  generally 
moderate,  and  that  it  was  from  10  to  15  grs.  in  most  instances,  and  next 
most  frequently  from  5  to  10  grs.  It  was  also  to  be  seen,  on  analysis, 
that  this  proportion  holds  good  in  males  as  well  as  females,  although,  of 
course,  to  a  much  less  degree.  As  regards  the  time  of  onset  of  symptoms, 
the  cases  may  be  divided  into  two  sets.  One  consists  of  those  in  which 
the  drug  was  taken  for  a  length  of  time  before  bad  effects  were  noted ;  the 
other,  of  those  in  which  the  evil  effects  came  from  a  single  or  double  dose. 
When  single  or  double  doses  were  the  cause  of  the  trouble,  the  onset  was, 
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in  a  very  large  percentage  of  the  cases,  immediate.  When  the  dose  of  the 
drug  had  been  frequently  repeated,  the  onset  was  also  sudden  rather  than 
gradual.  As  a  rule,  the  duration  of  the  symptoms  did  not  exceed  three 
hours,  and  three  days  is  the  longest  time  mentioned  for  the  continuance  of 
the  had  effects  ;  while  one  hour  was  often  the  length  of  time  during  which 
serious  effects  were  felt.  As  yet,  however,  we  have  not  come  to  the  part 
of  the  subject  which,  after  all,  is  the  most  important  to  the  practitioner 
of  medicine  and  to  the  patient  also,  and  is,  in  consequence,  the  most 
interesting  part  of  the  question  before  us.  In  the  hundred  and  odd 
cases  I  gathered,  in  which  the  drug  produced  evil  results,  only  six  proved 
fatal,  and  in  these  there  was  ample  cause  for  death  aside  from  any  effect 
of  the  drug.  In  one  case,  puerperal  fever  was  present  in  an  aggravated 
form  ;  in  another,  fatty  kidneys  were  found  at  the  autopsy  ;  while  in  the 
third  and  fourth  typhoid  fever  was  present.  In  the  remaining  two  cases 
the  reporters  state  that  death  was  not  certainly  due  to  the  drug,  and 
perhaps  would  have  occurred  with  equal  rapidity  if  no  antipyrine  had  been 
given.  We  can  rest  assured,  therefore,  in  ordinary  cases  of  disease  occurring 
in  patients  who  exhibit  untoward  effects  of  antipyrine,  that,  even  though 
the  symptoms  be  most  alarming,  they  so  rarely  end  in  death  as  to  enable 
us  to  rid  ourselves  of  alarm,  and  quiet  the  fears  of  the  patient's  friends. 

Some  years  ago  a  Collective  Investigation  Committee  was  appointed  to 
determine  the  importance  of  the  ill  effects  of  antipyrine,  acetanilide,  and 
phenacetin.  This  committee  reported  that  out  of  189  observers  who 
report  on  antipyrine,  no  fewer  than  138,  or  73  per  cent.,  have  never  observed 
any  ill  effects  at  all  worth  mentioning.  Considering  how  large  is  the 
experience  of  the  action  of  this  drug  represented  in  these  reports,  this 
large  proportion  of  observers  who  have  no  ill  effects  to  record  is  very 
remarkable.  Almost  more  than  any  other  fact  could  do,  it  seems  to  testify 
to  the  comparative  harmlessness  of  this  drug,  when  properly  administered. 
It  is  clear,  then,  if  one  may  be  allowed  to  judge  from  these  reports,  that  ill 
effects  following  the  use  of  antipyrine  are  not  only  relatively  but  absolutely 
infrequent  in  their  occurrence.  One  observer  expresses  his  opinion  that 
they  are  "  rarer  than  the  idiosyncrasies  of  the  iodides  or  quinine";  and 
certainly,  so  far  as  the  above  reports  go,  this  would  appear  to  be  the  case. 

A  very  interesting  question  in  relation  to  the  untoward  effects  of 
antipyrine  is  the  disease  in  which  they  most  frequently  assert  themselves. 
On  examining  these  statistics,  we  find  that  it  is  in  typhoid  fever,  in  which 
the  system  is  ever  at  a  point  at  which  it  is  susceptible  of  external  influence, 
that  the  symptoms  unwished  for  have  most  frequently  appeared.  This 
may  be  partly  due  to  the  fact  that  the  drug  has  been  given  more  largely  in 
this  disease  than  in  any  other. 

The  record  stands  thus  :  — 


Typhoid  fever 
Articular  rheumatism 
Chronic  rheumatism 
Migraine 

Nervous  headache 
"Pain"        .         . 
Phthisis       .        •.    : 
Dysmenorrhrea 
Typhus  fever 
Heart  disease 
Asthma       i  j . . 


42  cases.           Puerperal  fever 

7      ,,               Sciatica        < 

2      „               "Fever"   '  .' 

. 

5       „               Thermic  fever 

5      „ 

Not  stated    . 

1    case. 

Neuralgia     . 

.'' 

5    cases. 

Pneumonia  . 

. 

1    case. 

Chorea 

. 

2    cases. 

Rheumatoid  arthritis 

1    case. 

Gout    . 

. 

1  case. 
4  cases. 

2  „ 

1  case. 

1  9  cases. 


4  cases. 

5  „ 

1  case. 

1  ,, 
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It  is  known  that  the  more  asthenic  the  disease  the  greater  the  contra- 
indications to  the  use  of  antipyretic  drugs  ;  this  clinical  fact  was  first  noted 
by  Eeihlen  of  Nuremberg,  who  stated  that  the  weaker  the  patient  the  more 
powerful  is  the  drug  in  reducing  fever,  and  that  if  the  action  of  the  anti- 
pyretic be  associated  with  the  spontaneous  fall  of  temperature,  as  at  the 
crisis  of  the  disease,  the  resulting  reduction  of  bodily  heat  is  coeval,  and 
collapse  often  ensues.  In  cases  where  tuberculosis  is  the  cause  of  fever, 
the  drug  nearly  always  acts  in  excess,  and  also  is  particularly  prone  to 
cause  dyspnoea,  cyanosis,  and  profuse  sweats.  Indeed,  Eeihlen  went  so  far 
as  to  suspect  tuberculous  infection  whenever  the  drug  acted  excessively. 

A  very  large  number  of  physicians  have  recorded  cases  in  which  the 
use  of  antipyrine  has  caused  more  or  less  collapse,  particularly  in  febrile 
cases.  These  instances  are  not  solely  the  result  of  a  direct  depressant 
action  of  the  drug  upon  the  circulatory  system,  for  this  effect  by  antipyrine 
is  very  moderate.  As  a  matter  of  fact,  a  large  part  of  these  symptoms 
arises  from  the  artificial  crisis  produced  by  the  drug  in  the  febrile  move- 
ment. Heat  is,  as  is  well  known,  a  powerful  cardiac  and  vascular  stimulant, 
and  it  is  for  this  reason  that  the  full  bounding  pulse  of  fever  is  so  often 
noted.  Under  the  influence'  of  antipyrine  the  stimulus  of  fever  is  suddenly 
removed,  and  the  circulatory  apparatus,  partly  exhausted  by  its  previous 
efforts,  impaired  by  infection  or  toxtemia,  and  finally  deprived,  of  a  sudden, 
of  its  stimulus  in  the  form  of  heat,  naturally  shows  signs  of  collapse.  This 
effect  is  also  emphasised  by  the  fact  that  antipyrine  distinctly  lessens  vaso- 
motor  tone,  and  so  encourages  vasomotor  relaxation. 

Therapeutics. — Passing  on,  then,  to  a  consideration  of  the  therapeutic 
application  of  this  drug,  we  can  divide  its  action  into  that  of  an  antipyretic 
and  analgesic,  and  although  the  latter  power  is  the  more  useful  of  the  two, 
the  antipyretic  power  will  be  first  considered  in  that  it  was  first  used. 

The,  sthenic  fevers. — If  there  is  any  form  of  fever  in  which  it  is  proper 
to  use  antipyrine,  it  is  in  fevers  of  this  class,  for  their  duration  is  short,  and 
as  a  consequence  the  drug  does  not  have  to  be  given  for  more  than  a  few 
hours  or  days,  and  therefore  there  is  little  danger  to  be  feared  from  its 
effect  on  the  blood,  upon  the  heart,  or  upon  the  organs  of  elimination. 
These  at  least  are  theoretical  reasons  why  the  use  of  the  drug  may  be  per- 
missible in  such  cases,  and  the  inability  of  the  physician  to  use  hydrothera- 
peutic  measures  for  various  reasons  may  justify  him  in  employing  the  drug 
at  times.  Practically,  the  writer  never  uses  antipyrine  for  antipyretic 
purposes  in  these  fevers,  because  he  firmly  believes  that  hydrotherapeutic 
measures  are  infinitely  superior  to  antipyretic  drugs.  In  pneumonia  of  the 
croupous  type,  the  patient  dies  from  toxaemia  or  mechanical  failure  of  the 
right  side  of  the  heart,  and  antipyrine  certainly  decreases  the  tone  of  the 
whole  vascular  system,  and  tends  to  prevent  the  oxygen-carrying  power  of 
the  blood  rather  than  to  augment  it.  It  is  true  that  laboratory  experi- 
ments do  not  indicate  that  antipyrine  is  a  circulatory  depressant,  but  they 
do  not  deal  with  individual  suffering  from  infectious  disease,  nor  do  they 
record  the  minute  changes  which  we  can  sometimes  perceive  at  the  bedside. 
So,  too,  in  scarlet  fever,  similar  reasons  militate  against  the  use  of  antipyrine  ; 
and  these  remarks  hold  with  whatever  force  they  may  possess,  in  the  case 
of  all  other  acute  infectious  fevers,  save  in  the  acute  fevers  seen  sometimes 
in  children  and  young  adults  as  the  result  of  intestinal  disturbance  or  other 
cause,  and  associated  with  marked  nervous  excitement,  and  lasting  a  few 
hours. 

Asthenic  fevers. — Writing   as   long  ago  as  1889,   the   author  of  this 
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article,  in  speaking  of  the  use  of  antipyrine  in  fevers  of  an  asthenic  or 
typhoid  type,  made  the  following  statement : — 

"  In  the  early  part  of  this  essay  the  writer  said  so  much  concerning 
the  time  at  which  antipyretic  treatment  is  to  be  resorted  to,  that  it  is 
unnecessary  to  repeat  it  here.  In  his  opinion,  antipyrine  should  play  a 
secondary  role  in  the  reduction  of  the  pyrexia  of  the  typhoid  state,  our 
main  reliance  being  upon  cold  applications,  and  the  antipyrine  only  being 
used  as  an  adjuvant  to  help  the  cold  bath  or  packing.  Aside  from  the 
fact  that  he  has  found  such  an  opinion  to  be  well  based  upon  good  results 
in  a  large  number  of  cases  of  typhoid  fever,  this  belief  seems  to  be  founded 
upon  perfectly  good  logical  therapeutic  reasoning.  Even  if  antipyrine  were 
perfectly  innocuous,  its  constant  use  in  fever  would  give  the  already  over- 
strained kidneys  the  task  of  its  excretion,  while  the  stomach,  sufficiently 
disturbed  by  necessary  medicine  and  illness,  has  enough  to  do  without  an 
additional  load.  Further  than  this,  we  know  that  the  drug  is  not  perfectly 
harmless,  and  wTe  also  know  that  if  it  acts  on  the  protoplasm  of  the  body 
it  must  finally  be  given  in  larger  and  larger  dose,  lest  it  lose  its  power. 
This  is  not  the  case  with  the  cold  pack  or  application,  which  never  loses 
its  power  through  prolonged  use." 

The  writer  feels  sure  that  antipyrine  should  be  given  in  typhoid  and 
other  low  fevers  of  a  continued  type  only  when  the  cold  pack  cannot  be 
used,  or  at  the  end  of  the  cold  application,  to  prevent  the  temperature 
from  bounding  upward  after  its  depression.  And  even  here  it  is  of 
doubtful  value,  since  the  greater  part  of  the  benefit  of  cold  bathing  rests 
in  the  improved  venous  and  vascular  tone,  both  of  which  are  impaired  by 
antipyrine.  Further  than  this,  the  fever  will  sometimes  resist  all  doses 
of  antipyrine  that  we  can  give,  or,  at  any  rate,  all  that  it  is  safe  to  give. 
No  fever  can  resist  the  cold  bath.  In  diseases  of  a  more  chronic  type, 
more  particularly  those  represented  by  phthisis,  antipyrine  is  of  doubtful 
value,  owing  to  the  increased  sweating  so  apt  to  be  produced  by  the  drug, 
and  unless  the  patient  seems  to  be  particularly  robust,  it  should  not  be 
employed  except  in  the  smallest  available  doses.  Increasing  experience 
has  led  the  writer  to  go  still  further,  and  to  advise  against  the  employ- 
ment of  antipyrine  at  any  time  in  these  affections. 

Finally,  another  quotation  from  the  same  essay  embodies  what  the 
writer  desires  to  say  in  conclusion,  in  regard  to  the  antipyretic  employment 
of  this  drug — 

"  While  it  is  true  that  antipyrine  may  be  employed  in  any  disease  asso- 
ciated with  high  temperature,  such  as  typhoid  fever,  pneumonia,  or 
erysipelas,  it  must  not  be  forgotten  that  but  one  object  is  gained  by  its 
use.  Antipyrine,  even  though  its  influence  may  be  most  favourable  in  a 
given  case,  still  accomplishes  nothing  in  the  way  of  cure.  Antipyrine  only 
governs  the  heat  processes,  while  the  disease  ploughs  its  way  onward  to 
recovery  or  death ;  although  it  may,  by  quieting  restlessness  due  to  the 
fever  or  to  the  nervous  disorder  produced  by  the  disease,  render  the 
pathway  to  recovery  more  easy,  but  no  shorter  than  if  it  were  not  em- 
ployed. Many  physicians  have  looked  and  still  look  upon  antipyretic  drug 
treatment  as  curative  in  its  effects,  but  nothing  can  be  more  distant  from 
the  truth.  It  should  be  distinctly  understood  and  taught  everywhere, 
that  these  drugs  belong  to  a  peculiar  class — a  class  of  drugs  to  which  we 
gladly  turn  when  told  "  to  treat  the  symptoms  as  they  arise  " ;  a  class  of 
drugs  which  are  to  be  used  solely  for  the  relief  of  the  symptoms  of  the 
disease,  and  not  for  the  cure  of  the  disease  itself." 
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Malaria. — Although  discovered  in  the  search  for  synthetic  quinine,  anti- 
pyrine  certainly  has  no  specific  influence  over  malarial  fevers,  even  though 
it  may  control  the  actual  febrile  movement.  As  the  chill  is  the  more 
injurious  part  of  an  attack  of  "  fever  and  ague,"  and  as  the  antipyrine  only 
acts  on  the  febrile  process,  its  symptomatic  value  is  small,  except  in 
cases  of  hyperpyrexia,  and  its  tendency  to  act  deleteriously  on  the  blood, 
which  is  already  impaired  by  the  disease,  is  a  good  reason  in  itself  for 
leaving  it  out  of  the  physician's  antimalarial  armamentarium. 

Nervous  affections. — The  attitude  of  the  author  in  relation  to  the 
use  of  antipyriue  in  fevers  has  been  necessarily  so  antagonistic,  that 
he  turns  with  pleasure  to  a  discussion  of  antipyrine  as  a  remedy  or 
palliative  in  diseases  of  the  nervous  system,  for  it  is  here  that  this 
drug  has  found  its  true  field  of  therapeutic  utility.  Almost  as  soon 
as  it  was  discovered  that  antipyrine  possessed  antipyretic  power,  it  was 
known  that  it  could  also  relieve  pain,  although  this  influence  was  not 
fully  appreciated  until  Lepine  and  See  published  the  results  of  their  use 
of  it  for  this  purpose.  That  they  are  not  the  discoverers  of  this  power,  is 
proved  by  the  fact  that  Alexander,  Demure,  Demuth,  Mesius,  Lenhartz, 
Bernheim,  Neumann,  Blanchard,  Moncorvo,  Frankel,  and  Clement  had  all 
written  on  this  topic  at  earlier  dates.  All  these  writers,  however,  had 
limited  their  observations  to  the  use  of  the  drug  in  gouty  or  rheumatic 
pain,  and  all  regarded  the  relief  so  obtained  as  the  result  of  its  specific 
effect  on  the  disease,  and  not  that  the  substance  itself  was  directly  pain- 
relieving.  The  first  reports  of  the  value  of  antipyrine  for  other  forms  of 
pain  were  made  by  Khomiakoff  and  Livoff  in  migraine,  and  by  White  and 
Spirmont  in  this  disease. 

The  paper  by  See  was  the  one  that  presented  the  analgesic  effects  of 
antipyrine  to  the  profession  in  their  true  form,  and,  while  he  was  perhaps 
unduly  enthusiastic  in  its  praises,  his  views  may  be  quoted  as  correct  to 
this  date.  His  second  paper  emphasised  the  value  of  the  drug  in  the 
pains  of  the  various  diseases — in  headache,  facial  neuralgia,  and  obstinate 
migraine,  in  neuritis,  and  in  tabes  dorsalis.  He  also  claimed  it  to  be  of 
value  for  visceral  pains,  such  as  renal  and  hepatic  colic  and  angina  pec- 
toris.  In  these  conditions  his  views  do  not  now  receive  general  support, 
but  in  certain  cases  of  painful  cardiac  neurosis  the  drug  does  do  good. 
Seifert  of  Wiirzburg  soon  after  confirmed  most  of  See's  statements,  and 
he  and  Wood  commended  the  drug  for  chorea.  This  early  literature  on 
the  subject  is  quoted  fully  because  of  its  value,  and  the  fact  that  it  is  a 
record  of  the  introduction  of  the  drug  as  an  analgesic.  For  the  relief  of 
pain,  10  grs.  are  usually  given  in  a  cachet,  although  the  drug  is  soluble  in 
water,  if  a  solution  is  preferred. 

One  of  the  other  nervous  maladies  in  which  antipyrine  has  been  used 
is  epilepsy.  Its  employment  has  been  commended  in  this  disease  by 
Lemoine,  Wood,  and  others,  but  it  certainly  possesses  no  curative  effect, 
and  is  at  best  a  mere  palliative.  It  acts  best  in  those  cases  which  suffer 
from  epileptiform  migraine  and  epileptiform  mania.  In  idiopathic  epilepsy 
it  is  of  little  use.  When  used,  it  is  well  to  combine  it  with  the 
bromides. 

Because  of  the  local  anaesthetic  power  of  antipyrine,  it  has  been  in- 
jected into  the  region  of  a  hypersensitive  nerve  when  pain  has  been  severe. 
The  anaesthesia  so  produced  usually  lasts  for  some  days,  but  the  injection 
is  primarily  very  painful.  The  author  has  used  these  injections  chiefly 
in  cases  of  rheumatic  arthritis,  for  the  quieting  of  painful  nerves  and 
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spasm  of  the  muscles,  and  has  obtained  fairly  satisfactory  results  from 
its  use. 

Miscellaneous  uses. — Antipyrine  exercises  a  constringing  effect  upon  the 
capillaries,  and  a  local  anaesthetic  effect  on  mucous  membranes.  As  a 
result,  it  has  been  locally  applied  to  check  small  haemorrhages  such  as 
epistaxis,  and  to  maintain  the  anaemia  produced  in  the  turbinated  bodies 
by  cocaine  when  used  in  coryza.  As  a  haemostatic  it  should  be  applied 
in  a  spray  or  lotion  in  the  strength  of  4  per  cent.,  and  this  haemostatic 
effect  is  greatly  increased  if  a  solution  of  tannic  acid  is  added  to  that  of 
the  antipyrine,  when  a  gelatinous  precipitate  is  formed  which  aids  the 
antipyrine  and  tannin  in  controlling  the  bleeding.  This  fact  was  pointed 
out  by  Park.  When  used  in  acute  coryza,  the  nasal  chambers  should 
always  be  previously  well  sprayed  with  a  solution  of  cocaine,  to  pre- 
vent pain  and  remove  irritation.  The  solution  of  antipyrine  for  this 
purpose  should  be  4  per  cent.  If  the  cocaine  is  not  used,  the  antipyrine 
should  not  be  over  1  to  2  per  cent,  in  strength.  Used  in  this  manner, 
it  is  very  efficient  in  reducing  nasal  congestion. 

Antipyrine  has  also  been  used,  chiefly  by  French  clinicians,  for  the 
relief  of  "  after  pains,"  with  asserted  success,  and  it  often  greatly  mitigates 
the  suffering  of  dysmenorrhoaa.  The  doses  employed  must  be  large,  that 
is,  about  15  to  20  grs.  For  all  purposes  it  is  best  given  in  a  cachet.  In 
whooping-cough  antipyrine  has  proved,  in  the  writer's  hands,  more  efficient 
than  any  other  drug  for  the  purpose  of  relieving  the  paroxysm,  although 
it  does  shorten  the  course  of  the  disease.  Curiously  enough,  it  seems 
to  decrease  the  frequency  rather  than  the  severity  of  the  individual 
paroxysms.  The  dose  to  a  child  of  5  years  is  about  2  grs.  every  five 
hours.  If  any  persistent  duskiness  of  the  face  appears,  it  must  be  stopped 
or  the  dose  decreased.  In  diabetes  mellitus  of  the  gouty  and  nervous  type, 
antipyrine  has  been  used  with  asserted  success  when  -given  in  full  doses. 

Finally,  it  is  not  to  be  forgotten  that  antipyriue  distinctly  increases  the 
susceptibility  to  cold  even  in  healthy  persons,  and  for  this  reason  should 
be  used  with  caution  in  those  who,  suffering  from  pain,  still  are  forced  to 
go  out  in  cold  weather. 

PHENACETIN. 

(B.P.) 

Phenacetin,  also  called  phenyl-acetamide  and  acetphenetidine,  found 
its  birth  in  what  may  be  called  the  antipyretic  era  of  a  few  years  ago,  and 
like  its  relatives  has  come  to  be  employed  chiefly  for  the  relief  of  pain. 
There  is  no  doubt  that  it  produces  disagreeable  symptoms  less  commonly 
than  antipyrine  and  acetanilide,  although,  on  the  other  hand,  it  produces 
cyanosis  with  equal  or  greater  frequency ;  but  this  symptom  seems  to  be 
unaccompanied  by  any  others,  unless  the  dose  is  very  large  or  the  patient 
peculiarly  susceptible.  When  we  consider  the  very  large  amounts  of  this 
drug  which  are  taken  by  "  all  sorts  and  conditions  of  men  "  (and  women) 
without  a  physician's  advice,  it  is  evident  that  the  drug  is  fairly  harmless, 
however  harmful  it  may  be  if  its  use  is  continued  too  long.1  So  far  as 
untoward  effects  are  concerned,  it  may  be  stated  that  while  numerous 

1  That  the  toxic  effect  of  phenacetin  is  very  slight,  seems  proved  also  by  experiment. 
Thus  Dujardin  Beaumetz  gave  as  much  as  37£  grs.  to  a  rabbit  of  5  Ib. ,  without  any  toxic 
effect,  and  Misrachi  and  Rifal  have  given  30  grs.  to  every  2  Ib.  of  body  weight  in  other 
animals. 
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instances  can  be  culled  from  medical  literature,  their  number,  in  proportion 
to  those  who  have  taken  the  drug,  is  surprisingly  few. 

Pharmacology. — The  influence  of  phenacetin  upon  the  nervous 
system  is  marked,  and  its  dominant  influence  is  exercised  upon  the  sensory 
apparatus,  particularly  the  sensory  portions  of  the  spinal  cord.  On  the 
circulation,  phenacetin  has  little  effect  unless  large  doses  are  used.  Very 
large  quantities  have  to  be  given  before  this  function  becomes  strikingly 
affected  either  in  man  or  animals.  Upon  the  blood  small  doses  produce  no 
effect,  but  large  ones  cause  it  to  become  venous  and  finally  grimious  in 
appearance,  due  to  the  presence  of  methsemoglobin.  Curiously  enough, 
Hinsberg  and  Kast  assert  that  even  when  the  blood  seems  quite  reduced 
to  the  eye,  the  spectroscope  fails  to  reveal  methiemoglobin  until  the 
poisoning  is  marked. 

On  tissue  waste  and  the  urine,  phenacetin  exercises  a  distinct  effect. 
Full  doses  cause  the  urine  to  be  dark  yellow,  and  the  indophenol  reaction 
can  be  readily  obtained  after  only  9  grs.  have  been  taken.  Still  more 
important  is  the  fact  that  when  a  patient  is  taking  phenacetin,  the  urine 
may  give  the  Fehling  test  for  sugar.  According  to  the  studies  of  Ott,  we 
find  that  phenacetin  reduces  fever  by  decreasing  heat  production  and 
increasing  its  dissipation,  and  those  observations  have  been  confirmed 
by  Cerna  and  Carter,  who  think  that  the  latter  function  is  less  influenced 
by  this  drug  than  it  is  by  antipyrine. 

Phenacetin  has  had  some  nearly  allied  relatives  introduced,  since  it 
became  popular,  as  substitutes,  which  are  claimed  to  act  as  well  and  with 
even  greater  safety.  Whether  they  are  capable  of  giving  us  better  results 
than  phenacetin  is  doubtful,  even  though  theory  would  so  indicate. 
Amongst  these  are  lactophenin  and  apolysin  or  citrophenin,  none  of  them 
official.  In  phenacetin  one  atom  of  hydrogen  is  replaced  by  an  acetic 
acid  radical,  in  lactophenin  by  a  lactic  acid  radical,  and  in  apolysin  by  a 
citric  acid  radical.  The  ordinary  dose  of  phenacetin  and  all  these  related 
products  is  4  to  8  grs.,  either  to  relieve  pain  or  reduce  fever. 

Therapeutics.  —  Sthenic  fevers. — Originally  introduced  as  an  anti- 
pyretic by  Hinsberg  and  Kast,  their  observations  were  speedily  confirmed 
by  Kohler.  These  and  subsequent  investigators  have  found  that  the  fall 
of  fever  occurs  about  half  an  hour  after  the  dose  is  taken,  and  the  effect  is 
maintained  for  from  four  to  eight  hours  afterwards.  Sweating  is  rarely 
as  marked  as  after  antipyrine  and  acetanilide,  but  chilliness  may  be  con- 
siderable, if  full  antipyretic  doses  are  used.  Kohler  and  Heppe  both  make 
a  very  curious  statement  about  the  influence  of  phenacetin  at  different 
times  of  day,  namely,  that  it  exercises  a  greater  effect  upon  evening  tem- 
peratures than  upon  morning  temperatures,  and  that  two  morning  doses 
are  only  equal  to  one  evening  dose  in  most  cases.  That  the  drug  does 
possess  very  considerable  antipyretic  power  is  certain.  So  far  as  the  use 
of  phenacetin  in  fever  is  concerned,  the  writer  cannot  speak  from  large 
personal  experience,  for  he  relies  solely  upon  hydrotherapeutic  procedures 
for  the  relief  of  fevers ;  but  the  remarks  made  about  the  use  of  all  anti- 
pyretic drugs  hold  here  (see  p.  496),  and  especially  in  relation  to  sthenic 
fevers  of  short  duration.  Of  the  antipyretic  drugs  it  seems  the  safest 
though  not  the  most  active. 

Asthenic  fevers. — In  this  class  of  fevers  phenacetin  is  to  be  avoided, 
because  it  decreases  the  venous  and  general  systemic  tone,  and  is  apt  to 
cause  excessive  sweating  and  cyanosis  in  tuberculosis  and  other  hectic 
fevers. 
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Nervous  affections. — It  is  as  an  analgesic  that  phenacetin  finds  its 
great  field  of  usefulness,  and  it  is  for  the  relief  of  pain  that  it  is  most 
commonly  employed.  Of  all  these  drugs  this  is  the  one  with  which  the 
laity  are  most  familiar.  Here  again  the  literature  is  far  too  great  to  be 
quoted,  and  it  is  of  interest  only  to  note  the  earlier  reports  of  its  pain- 
relieving  power.  Perhaps  the  most  noteworthy  of  these  opinions  is  that 
expressed  by  Dujardin-Beaumetz,  who  said  of  phenacetin :  "  But  it  is  above 
all  as  an  analgesic  that  phenacetin  outrivals  its  predecessors.  While  it  is 
quite  as  powerful  as  antipyrine  and  acetanilide,  it  does  not  cause  the  pain  in 
the  stomach,  or  the  scarlatiniform  rash  of  the  former ;  nor  does  it  give  rise 
to  the  cyanosis  of  the  latter.  However  prolonged  may  be  its  admini- 
stration, and  I  have  given  it  for  months  in  doses  of  1  to  2  grms.  (15  to 
30  grs.)  per  day,  I  have  never  observed  any  bad  effect.  I  have  used  it 
for  the  relief  of  every  form  of  pain,  neuralgias,  migraine,  rheumatic  pains, 
muscular  rheumatism,  acute  articular  rheumatism,  the  lightning  pains  of 
tabes,  and  always  with  the  best  results.  Further,  in  cases  of  hysteria, 
and  of  hysterical  or  neurotic  pains,  phenacetin  has  seemed  to  produce 
better  effects  than  the  bromides :  it  calms  the  excitability  of  the  nervous 
system,  and  in  some  obstinate  cases  of  nervous  insomnia  it  produced 
sleep.  Phenacetin  seems,  therefore,  to  be  not  only  an  analgesic,  but  a 
narcotic."  The  writer  has  never  noticed  any  narcotic  power  from  its  use. 
The  type  of  pain  to  be  relieved  by  phenacetin  is  that  due  to  direct  nervous 
disorder,  and  not  that  due  to  lesions  in  other  organs.  In  this  respect  its 
sphere  of  usefulness  is  identical  with  antipyrine.  Usually,  in  rheumatic 
affections,  phenacetin  is  used  with  salol.  The  usual  dose  is  5  to  10  grs.  in 
a  cachet,  as  the  drug  is  insoluble. 

ACETANILIDE. 
(B.P.  AND  U.S.P.) 

This  drug,  made  by  the  action  of  glacial  acetic  acid  on  aniline,  and 
known  to  chemists  for  many  years,  was  introduced  as  a  remedy  by  Cahn 
and  Hepp  in  1886,  and  appeared  under  the  registered  name  of  "  antifebrin," 
a  term  doubtless  invented  because  of  the  success  of  its  cousin  in  etymology 
and  chemistry,  antipyrine.  Only  an  epoch  marked  by  a  yearning  for  a  good 
febrifuge  could  have  produced  an  amount  of  research  and  literature  such 
as  has  been  contributed  to  this  drug. 

Pharmacology. — Acetanilide  is  a  powerful  destructive  agent  to  the 
lower  forms  of  micro-organisms. 

Nervous  system.  —  On  the  nervous  system  acetanilide  exercises  its 
dominant  effect  on  the  sensory  portions  of  the  cord  and  nerves.  These 
facts  are  established  by  the  researches  of  Lepine,  Sardina,  and  Herczell. 
Large  doses  cause  great  quietude  in  animals,  anaesthesia,  total  loss  of  the 
reflexes,  and,  finally,  motor  and  sensory  paralysis.  It  is  evident,  therefore, 
that  the  motor  side  of  the  cord  is  also  finally  affected.  Bokai  has  proved 
that  the  drug  does  not  affect  the  muscles. 

Circulation. — On  the  circulation  the  drug  acts  as  a  feeble  stimulant 
at  first,  but  its  dominant  action  is  depressant  if  full  amounts  are  used. 
In  medicinal  amounts  it  exercises  a  feeble  influence  of  a  depress- 
ant character  on  the  heart  and  blood  pressure.  Large  doses  produce 
methfemoglobinuria.  Henocque  claims  that  this  amounts  to  at  least 
6*5  per  cent.,  but  medicinal  doses  have  no  effect  that  the  spectroscope 
can  detect.  The  persistent  use  of  full  medicinal  doses  of  acetanilide 
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decreases  the  blood  corpuscles  numerically,  and  changes  their  appearance, 
so  that  they  will  not  form  rouleaux.  If  poisonous  doses  are  used,  the 
urine  becomes  dark  and  loaded  with  the  products  of  broken  down  blood. 

Metabolism. — The  studies  of  tissue  waste  and  the  urine  under  acetani- 
lide  have  been  very  numerous,  but  they  are  not  conclusive.  The  literature 
is  quite  extensive  and  contradictory.  We  know  that  medicinal  doses  have 
little  effect  on  the  quantity  of  urine,  but  the  excretion  of  urea  would  seem 
to  be  slightly  increased.  The  amount  of  uric  acid  eliminated  is  decreased. 

Respiration. — Medicinal  doses  have  no  effect  on  the  respiration,  but 
poisonous  doses  produce  death  by  respiratory  failure,  due  to  the  effect  of 
the  drug  on  the  respiratory  centre,  and  probably  on  the  motor  nerves 
supplying  the  respiratory  muscles. 

Pyrcxia. — Acetanilide  lowers  febrile  temperatures  by  decreasing  heat 
production  and  increasing  heat  dissipation. 

Elimination. — The  drug  is  eliminated  from  the  body  in  the  urine  as 
para-amido-phenol-sulphate,  and  escapes  completely  from  the  body  in 
twenty-four  hours  after  its  ingestion. 

Toxicology. — When  acetanilide  is  given  in  full  doses  to  a  healthy  man 
for  some  time,  it  may  produce  drowsiness,  occasional  headache,  and  nausea, 
and  finally  a  peculiar  dusky,  cyanotic  appearance.  When  given  to  persons 
suffering  from  fever,  in  full  doses,  similar  effects  may  follow,  and  the 
temperature  rapidly  falls,  being  accompanied  in  its  fall  by  profuse  sweating. 
Sometimes  these  symptoms  develop  to  an  extraordinary  degree  in  persons 
who  are  peculiarly  susceptible,  and  they  may  be  associated  with  skin  erup- 
tions and  collapse.  The  writer  has  collected  thirty-eight  instances  of 
reported  untoward  effects,  and  believes,  from  an  examination  of  the  litera- 
ture and  personal  experience,  that  this  drug  produces  these  accidents  less 
frequently  than  antipyrine.  Curiously  enough,  the  dose,  usually  responsible 
for  these  accidents,  was  moderate,  from  3  to  10  grs.  In  only  three  of  the 
thirty-eight  did  death  occur.  In  one  of  these,  recorded  by  Hardy,  the  dose 
was  very  large,  namely,  15  grs.  at  a  dose,  for  eight  doses ;  in  another,  death 
(Meyer)  was  thought  to  be  due  to  pneumonia,  as  only  8  grs.  were  given ; 
and  in  the  third  (v.  Quast),  large  amounts  were  used,  namely,  4  grs. 
every  two  hours  for  twenty-four  hours.  On  the  other  hand  (Allenson), 
recovery  has  followed  a  single  dose  of  170  grs. ;  in  another  instance,  after 
92  grs.  in  two  doses  (Freund).  It  is  evident,  therefore,  that  the  drug 
does  not  possess  great  lethal  power.  These  ill  effects  do  not  seem  to  be 
associated  with  any  particular  disease,  as  the  following  list  indicates : — 

Fever,  one  case ;  typhoid  fever,  seven  cases :  miliary  tuberculosis,  one 
case ;  intermittent  fever,  one  case ;  headache,  five  cases ;  tonsillitis,  one 
case  ;  gastric  fever,  one  case  ;  acute  gastritis,  one  case  ;  phthisis,  two  cases  ; 
not  stated,  one  case ;  pneumonia,  two  cases ;  typhus  fever,  one  case. 

Therapeutics. — The  general  remarks  made  in  this  article  on  drugs 
of  this  class  in  general  and  antipyrine  in  particular,  are  applicable  to 
acetanilide,  in  that  it  is  capable  of  acting  upon  the  blood,  the  circulation, 
and  the  temperature  in  a  manner  practically  identical  with  its  fellow. 
The  same  symptoms  follow  large  doses  of  it,  or  develop  in  those  possessing 
susceptibility  to  it,  and  collapse  may  ensue  when  it  is  given  in  fevers, 
just  as  it  may  occur  when  antipyrine  is  used,  and  from  the  same  causes. 
For  this  reason  we  may  proceed  to  a  discussion  of  the  drug  itself  at  once. 

External. — Acetanilide  is  a  useful  antiseptic,  either  used  alone  in  fine 
powder  or  mixed  with  some  drying  powder,  as  bismuth  carbonate,  starch,  or 
boric  acid.  In  this  way  it  is  valuable  as  a  dressing  for  small  wounds,  ulcers, 
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burns,  and  chancroids.  Poisoning,  from  its  absorption  from  the  wound 
surface,  has  occurred,  so  it  should  not  be  applied  over  too  large  an  area  if 
the  surface  is  fresh. 

Internal. — Sthenic  fevers. — I  have  already  referred  to  the  limited  value 
of  antipyretic  drugs  in  fever,  and  while  acetanilide  is  without  doubt  safer 
in  its  effects  and  milder  in  its  power  than  antipyriue  to  reduce  temperature, 
the  same  objections  to  its  use  hold  good.  Its  use  reduces  fever,  but  in 
no  way  influences  for  good  the  general  condition  of  the  patient.  In  other 
words,  if  it  is  necessary  to  use  acetanilide  to  reduce  fever  in  acute  disease, 
it  may  be  employed  once  or  twice,  but  ought  not  to  be  given  continuously. 

Asthenic  fevers. — Clinicians  too  numerous  to  mention  have  found  that 
acetanilide,  while  capable  of  reducing  the  fever  of  enteric  fever  and 
tuberculosis,  is  nevertheless  a  remedy  to  be  avoided,  for  it  in  no  way 
influences  for  the  better  the  general  course  of  the  disease  or  its  duration. 
On  the  contrary,  under  its  use,  great  depression  and  collapse  often  ensue, 
if  enough  of  the  drug  is  given  to  really  control  the  fever.  Such  a  dose 
often  produces  some  cyanosis,  a  scanty  amount  of  urine,  and  an  exhausting 
sweat.  As  compared  to  antipyrine,  acetanilide  has  less  antipyretic  power, 
and  its  effects  last  a  shorter  time.  This  is  emphasised  by  Secretan  and 
Demme.  Further  cases  are  recorded,  in  which  acetanilide  failed  to  reduce 
fever  in  safe  doses,  when  antipyrine  succeeded.  On  the  other  hand,  so  far 
as  the  relative  strength  is  concerned,  grain  for  grain,  acetanilide  is  the 
more  powerful  drug.  Acetanilide  should  not  be  used  to  combat  the  fever 
of  tuberculosis,  for  the  sweating,  cyanosis,  and  collapse  which  ensue  are 
usually  so  marked  as  to  prohibit  it. 

When  we  consider  the  use  of  acetanilide  in  rheumatic  fever,  we  find 
that  in  this  disease  it  fulfils  two,  if  not  three,  purposes;  namely,  it 
acts  as  an  antipyretic,  analgesic,  and  perhaps  exercises  an  influence  in 
aiding  in  the  elimination  of  uric  acid.  The  antipyretic  effect,  if  it 
is  used  in  full  dose,  is  often  marked,  but  the  sweating  is  excessively  great, 
so  great  as  to  make  our  use  of  it  cautious.  The  fever,  even  if  high, 
is  usually  reduced,  and  this  fact  may  make  it  proper  to  use  it,  should 
pyrexia  be  marked.  On  the  other  hand,  the  writer  does  not  commend  its 
constant  use  as  an  antipyretic  in  acute  articular  rheumatism,  as  he  regards 
its  effects  as  unfavourable  to  the  proper  function  of  the  heart  and 
vessels,  particularly  in  those  very  toxic  forms  of  acute  rheumatism 
in  which  duskiness  and  slight  cyanosis  are  often  met  with  without  the 
use  of  any  antipyretic  drug.  On  the  other  hand,  there  can  be  no  doubt 
that  acetanilide  does  relieve  the  pain  in  those  cases  in  which  the  articular 
symptoms  are  marked,  and  the  evidences  of  general  infection  are  mild. 
Not  only  has  this  been  the  writer's  experience,  but  it  can  be  substantiated 
by  quotations  from  many  authors.  The  best  dose  is  from  4  to  6  grs.  three 
times  a  day.  To  express  the  matter  briefly,  acetanilide  in  articular  rheu- 
matism occupies  a  place  below  that  of  the  salicylates,  but  is  a  remedy  of 
value. 

Nervous  affections. — The  affections  of  the  nervous  system  in  which 
acetanilide  can  be  used  for  the  relief  of  pain,  are  very  numerous.  Indeed, 
it  may  be  said  that  any  true  nerve  pain  is  an  indication  for  its  use, 
whereas  pain  due  to  maladies  involving  other  tissues  than  those  which 
are  nervous  is  not  benefited  by  it.  It  is  given,  therefore,  in  locomotor 
ataxia  of  the  painful  types,  in  migraine,  in  neuritis,  and  in  neuralgia 
whether  it  be  due  to  reflex  causes,  to  gouty  or  rheumatic  taint,  or  to 
anaemia.  It  is  least  valuable  in  the  latter  form,  for  obvious  reasons. 
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In  epilepsy,  acetanilide  possesses  powers  for  good  inferior  to  the  bromides 
in  preventing  attacks,  but  superior  to  most  of  the  remedies  supposed  to  be 
of  service  in  this  disease.  The  doses  should  be  large  enough  to  produce 
signs  of  the  physiological  action  of  the  drug,  as  for  example  slight 
lividity.  Because  they  must  be  so  large,  the  author  does  not  highly 
commend  the  use  of  the  drug  for  this  purpose. 

In  vomiting  of  an  obstinate  type,  as  that  following  operations,  and  in 
some  cases  of  sea-sickness,  acetanilide  is  an  exceedingly  valuable  remedy. 
It  should  be  placed  in  powder  in  1  gr.  doses  on  the  tongue,  and  swallowed 
in  the  saliva  in  those  cases  which  cannot  retain  even  a  swallow  of  water. 
In  other  instances,  the  following  tablet  may  be  swallowed  or  allowed  to 
dissolve  in  the  mouth.  The  same  tablet,  if  riot  compressed  too  firmly,  is 
also  a  useful  means  of  using  this  drug  for  headache,  neuralgia,  and  the 
various  painful  affections  in  which  the  drug  is  used : — Acetanilide,  2  grs. ; 
caffeine  citrate,  I  gr. ;  camphor  monobroinate,  1  gr.  Acetanilide  itself  being 
insoluble  in  water,  is  usually  given  in  doses  of  1  to  3  grs.  in  a  cachet. 

For  EXALGIN  (methyl-acetanilide),  see  p.  730. 

KESORCIN. 

(U.S.P.) 

Eesorcin,  or,  as  it  is  sometimes  called,  resorsinol  (to  show  that  it  is 
a  phenol),  is  metadioxy benzene,  while  pyrocatechin  is  the  ortho  compound, 
hydroquinone  the  para  compound.  It  crystallises  in  colourless  poisons, 
and  is  soluble  in  water. 

It  has  been  used  as  an  antipyretic,  but,  being  dangerous,  it  was  soon 
discarded.  It  is  used  chiefly  for  its  action  on  the  skin  and  mucous 
membranes.  A  solution  of  1  in  4  in  glycerin  is  excellent  for  removing 
epidermic  scales  in  chronic  skin  diseases,  and  also  for  getting  rid  of  the 
scurf  in  seborrhoea  sicca  of  the  scalp.  A  lotion — Eesorcin  1,  ether  1, 
castor-oil  1,  eau  de  Cologne  10,  alcohol  (90  per  cent.)  35 — is  useful  for 
dandruff  and  alopecia.  As  it  is  a  powerful  antiseptic,  it  has  been  employed 
as  a  gastro-intestinal  antiseptic  in  various  diseases,  but  it  is  too  powerful 
and  depressant  for  its  use  to  be  unattended  by  risk.  It  has  been  used  in 
5  per  cent,  solution  in  gonorrhoea  and  cystitis.  It  may  make  the  urine 
olive-green.  In  animals  it  causes  tremors,  loss  of  consciousness,  and  con- 
vulsions with  death  from  paralysis  of  respiration. 

PHENOCOLL. 

This  drug  is  closely  related  to  phenacetin,  and  is  obtained  by  the 
interaction  of  phenetidine  and  glycocoll.  It  is  not  official.  The  hydro- 
chlorate  of  phenocoll  is  the  salt  usually  employed,  and  occurs  in  the  form 
of  a  white  crystalline  powder,  soluble  in  water,  in  the  proportion  of  1  to  16. 
It  is  also  soluble  in  alcohol,  but  slightly  soluble  in  chloroform,  benzol,  and 
ether.  Like  the  drug  just  mentioned,  it  is  used  for  the  relief  of  fever  and 
pain,  but  it  has  never  gained  the  popularity  of  its  fellows,  although  a 
number  of  papers  have  appeared  claiming  that  it  is  an  antiperiodic.  Thus 
Cerna  makes  such  claims  for  it,  and  he  is  not  alone  in  this,  for  Cervello, 
Cucco,  and  Albertoni  have  done  likewise.  Beyond  the  statements  of 
these  observers,  however,  there  has  not  been  confirmatory  evidence, 
experimental  or  clinical,  of  a  reliable  character,  which  proves  phenocoll 
to  be  distinctly  antimalarial  in  its  powers. 
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It  is  a  fairly  powerful  antipyretic,  but  not  the  equal  of  the  others  in 
this  group  that  we  have  named.  The  indications  for  its  use  and  the 
centra-indications  are  identical  with  those  already  named  when  discuss- 
ing those  drugs.  Similar  statements  are  true  as  to  its  value  in  the  relief 
of  nerve  pains,  both  as  to  power  and  usefulness. 

Upon  the  circulation  phenocoll  has  little  effect,  when  given  in  medi- 
cinal doses.  If  they  be  large,  then  the  blood  pressure  falls  slightly,  by 
reason  of  a  slight  depressing  effect  on  the  heart,  and  the  pulse  is  slowed 
by  this  cause,  as  well  as  by  the  slight  stimulation  of  the  vagal  centres. 
Later  on,  these  centres  are  paralysed  if  the  dose  be  poisonous.  Cerna 
and  Carter,  who  have  reached  these  results,  assert  that  phenocoll  has  no 
action  upon  the  blood  itself.  Upon  the  heat  functions  these  experimenters 
assert  that  the  drug  reduces  fever  by  a  very  great  decrease  in  heat  pro- 
duction with  no  change  in  heat  dissipation.  Upon  normal  heat  functions 
the  drug  has  no  effect  in  medicinal  doses.  These  results  are  not  quite  in 
accord  with  those  of  Ott,  who  finds  that  it  readily  produces  cyanosis,  kills 
when  given  in  overdose  by  paralysing  the  respiratory  centre,  and  main- 
tains its  antipyretic  effect  but  a  short  time. 

METHYLENE-BLUE  (not  official)  is  an  analgesic,  but  is  described  under 
ANILINE  (see  p.  725). 
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CAMPHOR  AND  ITS  DERIVATIVES. 

CAMPHOR. 

(B.P.    AND   U.S.  P.) 

ORDINARY  or  laurel  camphor  is  found  deposited  in  minute  particles  in  the 
wood  of  a  large  tree  (Cinnamomum  camjihord),  from  which  it  is  obtained  by 
sublimation  with  steam,  after  the  trunk  has  been  broken  up  into  chips. 
It  is  derived  by  gradual  oxidation  from  the  volatile  oil  of  camphor  present 
in  the  trees.  Chemically  it  is  a  benzol  derivative,  and  hence  has  many  of 
the  actions  of  essential  oils  and  of  other  bodies  closely  related  to  benzol, 
such  as  phenol  or  thymol.  It  has  also  certain  resemblances  in  action  to 
alcohol.  The  dose  of  it  is  2  to  5  grs. 

Pharmacology. — External. — On  the  lower  organisms  generally 
camphor  has  a  depressant  action,  and  hence  acts  as  an  antiseptic  and 
antifermentative.  It  hinders  or  completely  stops  their  vital  activity  with- 
out destroying  the  protoplasm,  and  thus  its  action  may  be  only  transient. 
It  is  not  a  very  powerful  germicide,  being  much  weaker  than  phenol  and 
most  of  the  essential  oils.  In  vapour  or  solution  it  has  a  paralysing  effect 
on  leucocytes,  killing  them  outright  or  hindering  their  movements.  In 
emulsion,  in  strong  solution,  or  in  small  pieces,  camphor  has  a  distinctly 
irritant  effect  on  the  skin  and  mucous  membranes.  It  penetrates  the 
epidermis  and  causes  a  certain  degree  of  irritation  with  dilatation  of  the 
blood  vessels,  but  this  is  succeeded  by  some  local  anaesthesia  from  paralysis 
of  the  sensory  nerves. 

Internal. — Alimentary  canal. — The  effect  of  camphor  on  the  mucous 
membranes  of  the  mouth  and  stomach  is  irritant  or  stimulant,  according 
to  the  concentration.  Small  doses  have  a  slightly  bitter,  burning  taste, 
followed  by  a  feeling  of  coolness  and  increased  salivation,  and  cause 
in  the  stomach  a  warm  sensation  with  free  secretion  and  more  marked 
peristalsis.  Large  doses  (30  grs.  or  more)  may  cause  pain,  nausea,  and 
frequently  vomiting,  possibly  ecchymosis  and  erosion  of  the  mucous  mem- 
brane, the  irritant  action  being  continued  into  the  upper  parts  of  the  bowel. 

Nervous  system. — After  absorption,  camphor  acts  markedly  on  the 
nervous  system  and  circulation.  Such  an  amount  as  5  grs.  has  little 
apparent  action  beyond  perhaps  slight  flushing,  but  with  10  to  20  grs. 
there  is  increased  vascularity  of  the  face  and  skin,  often  accompanied  by 
sweating,  and  a  mental  feeling  somewhat  similar  to  what  occurs  after  a 
moderate  dose  of  alcohol.  After  larger  doses  there  is  a  condition  very 
like  alcoholic  intoxication,  in  which  there  may  be  psychical  excitement, 
or  lethargy  and  sleepiness  from  the  first.  The  gait  is  staggering  and  the 
movements  badly  co-ordinated,  with  confusion  of  ideas,  giddiness,  distur- 


PHARMA  CO  LOGY.  5 1 3 

bance  of  the  special  senses,  and  depression  of  the  spinal  cord.  Sometimes 
this  may  go  on  to  unconsciousness  and  coma.  In  man,  tremors  and 
epileptic  convulsions  may  be  superadded  to  the  above  symptoms 
(Alexander),  but  owing  to  irregular  absorption,  and  to  the  chemical  alter- 
ations occurring  in  it,  camphor  varies  much  in  activity  (J.  Harley). 

In  cats,  rabbits,  and  dogs,  clonic  tremors  with  violent  epileptic  con- 
vulsions are  readily  produced.  They  are  stopped  by  giving  chloroform. 
The  spinal  cord  is  affected  very  much  less  than  the  brain.  There  is  no 
primary  stage  of  stimulation  (Stockman),  and  only  after  large  doses  (15 
grs.)  is  any  depression  observable.  Gottlieb,  however,  is  of  opinion  that 
the  retlex  excitability  of  the  cord  is  exaggerated  at  first.  The  sensory  and 
reflex  functions  are  depressed  much  sooner  and  more  markedly  than  the 
motor.  In  mammalia  the  terminations  of  motor  nerves  are  not  affected. 
The  primary  dulness,  lethargy,  and  loss  of  co-ordination  imply  paralysis  of 
the  psychical  centres  and  cerebellum,  while  the  epileptic  convulsions  are 
said  by  Binz,  Wiedemanu,  and  Gottlieb  to  arise  from  irritation  of  the 
basal  ganglia  and  medullary  centres.  More  probably,  however,  they  are 
due  to  irritation  of  the  cortical  motor  areas,  as  in  rabbits,  in  which  the 
cerebral  cortex  had  been  removed,  no  convulsions  could  be  produced  by 
giving  camphor. 

In  moths,  flies,  and  other  insects,  camphor  vapour  causes  lethargy, 
paralysis,  and  death  after  some  hours.  In  frogs  there  is  depression  of  the 
encephalon,  which  extends  down  the  spinal  cord,  and  finally  the  termina- 
tions of  the  motor  nerves  are  also  paralysed.  From  the  beginning  the 
whole  nervous  system  is  depressed,  and  there  is  never  any  indication  of 
increased  reflex  or  convulsions. 

Circulation. — The  heart  is  somewhat  slowed  by  camphor,  but  the  pulse 
becomes  fuller  and  stronger.  There  is  apparently  a  direct  stimulation 
of  the  heart  muscle,  with  dilatation  of  the  cutaneous  vessels.  The  blood 
pressure  with  small  doses  tends  to  remain  at  its  normal  level,  and  with 
large  doses  to  sink,  often  considerably,  but  the  circulation  is  well  main- 
tained and  the  heart  itself  beats  powerfully.  Periodic  rises  in  pressure 
occur,  which  are  said  to  be  due  to  convulsive  action  of  the  vasomotor 
centre  contracting  the  arterioles.  There  is,  however,  considerable  dis- 
agreement regarding  the  details,  as  well  as  the  explanation  of  the 
undoubtedly  stimulant  effect  of  camphor  on  the  circulatory  system. 
Camphor  is  said  to  increase  the  number  of  leucocytes  in  the  blood.  The 
respiration  is  not  much  affected,  but  becomes  slower  and  deeper  after 
large  doses. 

Temperature. — The  temperature  is  not  affected  by  small  doses,  but 
larger  amounts  reduce  it  considerably,  especially  if  the  animal  become 
comatose.  The  reduction  is  probably  due  to  increased  loss  of  heat  from 
the  skin  and  to  interference  with  metabolism.  In  septic  fever  the  anti- 
pyretic effect  is  more  marked. 

Absorption  and  excretion. — Camphor  is  absorbed  from  the  stomach 
and  bowel,  and  also  from  the  skin  and  respiratory  mucous  membrane  when 
in  contact  with  them.  After  absorption,  it  is  converted  into  campherol 
(a  body  in  which  OH  replaces  an  H  atom  of  camphor),  and  this  combines 
with  glycuronic  acid,  a  derivative  of  glucose,  to  form  caniphoglycuronic 
acid,  a  crystalline  substance,  in  which  form  part  of  it  is  excreted  in  the 
urine.  An  amidoderivative  of  this  acid  is  formed  at  the  same  time,  and 
is  also  found  in  the  urine  (Schmiedeberg  and  Meyer).  Whether  any 
excretion  of  camphor  or  its  derivatives  takes  place  by  the  lungs  or  skin 
33 
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is  not  definitely  known.  The  action  of  campherol  is  much  the  same  as 
that  of  camphor,  while  caniphoglycuronic  acid  is  inert.  In  animals  which 
have  been  poisoned  by  camphor  a  considerable  amount  of  glucose  is 
often  found  in  the  urine  (Stockman),  but  the  explanation  of  this  is  not 
very  clear. 

Therapeutics. — External. — Many  official  liniments  contain  cam- 
phor, namely,  Linimentuin  Camphone  (B.P.  and  U.S.P.),  Linimentum 
Camphorae  Ammoniatum  (B.P.),  and  the  liniments  of  aconite,  belladonna, 
chloroform,  mercury,  opium,  soap,  mustard,  turpentine,  and  acetic  turpen- 
tine (B.P.),  and  belladonna,  chloroform,  mustard,  and  soap  (U.S.P.).  The 
camphor  liniments  are  very  largely  used  as  rubefacients  and  counter- 
irritants  in  muscular  rheumatism,  myalgic  and  neuralgic  pains,  sprains, 
inflamed  joints,  bronchitis,  etc.  The  local  circulation  is  increased  by  their 
application  and  a  certain  amount  of  anodyne  effect  is  induced.  As  a  mild 
disinfectant  and  deodorant,  camphor  in  powder  often  forms  a  constituent 
of  dentifrices,  or  is  added  to  dusting  powders  in  skin  diseases.  When 
mixed  with  equal  parts  of  chloral  hydrate  it  forms  a  syrupy  paste  (chloral 
cum  camphora)  which  has  an  anaesthetic  and  strongly  antiseptic  action 
locally.  This  is  often  applied  on  cotton-wool  to  allay  pain  in  a  carious 
tooth,  but  is  rather  irritating  if  it  come  in  contact  with  the  buccal  mucous 
membrane.  In  fine  powder,  alone  or  mixed  with  boric  acid,  camphor 
may  be  insufflated  into  the  nose  in  nasal  catarrh,  or  the  spirit  may  be 
inhaled  from  a  handkerchief. 

Internal. — The  Spiritus  Camphone  (B.P.  and  U.S.P.)  may  be  used  as  a 
carminative  in  flatulence  (a  few  drops  on  sugar),  and  is  very  useful  in 
attacks  of  diarrhoea  either  alone  or  combined  with  laudanum.  Its  mode 
of  action  is  not  very  clear,  but  probably  it  exercises  some  antiseptic  effect 
in  the  bowel,  and  it  certainly  promotes  a  feeling  of  wellbeing  and  warmth, 
not  only  locally,  but  by  stimulating  the  heart  and  peripheral  circulation. 

In  fevers  camphor  exercises  a  stimulant  effect  much  like  that  of  alcohol, 
and  assists  in  maintaining  the  circulation.  At  the  same  time  it  reduces  the 
temperature  and  quiets  the  nervous  system.  Formerly,  it  was  much 
employed  in  septicaemia  and  erysipelas  on  this  account.  A  full  dose  is 
sometimes  capable  of  cutting  short  a  cold  in  the  head. 

Camphor  also  has  some  expectorant  action,  but  for  this  purpose  is 
only  used  as  the  Tinctura  Camphorse  Composita  (B.P.),  or  Tinctura  Opii 
Camphorata  (U.S.P. ),  which  contain  opium  and  other  substances. 

Camphor  is  also  largely  prescribed  in  irritable  conditions  of  the  genito- 
urinary tract,  and  has  some  reputation  as  an  anaphrodisiac.  It  is  given  in 
chordee,  sexual  excitement,  and  bladder  irritation,  but  it  is  doubtful  if  it  has 
much  effect  in  the  dose  ordinarily  employed.  Ten  grs.  probably  would  be 
required  to  have  any  action  in  these  cases.  It  is  sometimes  used  as  an 
antispasmodic.  Camphor  has  also  been  proposed  as  a  stimulant  in  narcotic 
poisoning,  in  which  it  would  no  doubt  strengthen  the  circulation.  It  has, 
however,  been  found  that  it  does  not  save  life  in  chloral  poisoning 
(Husemann).  The  great  practical  difficulty  in  the  use  of  camphor  intern- 
ally consists  in  its  insolubility  and  consequent  slowness  of  absorption, 
combined  with  its  uncertainty  of  action.  The  spirit  alone  or  mixed  with 
glycerin  is  the  form  in  which  it  is  most  rapidly  absorbed.  It  powders 
well  only  if  moistened  with  a  drop  of  alcohol. 

Toxicology. — The  poisonous  dose  is  very  uncertain,  owing  to  the 
irregularity  of  absorption  and  rapid  chemical  change  in  the  body.  Thirty- 
five  and  40  grs.  have  caused  epileptic  convulsions  in  adults,  while  much 
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larger  doses  have  not  done  so.  The  patient  may  become  comatose  and 
may  have  convulsive  seizures  in  addition.  No  post-mortem  examinations 
have  been  recorded.  The  treatment  usually  pursued  has  been  to  clear  out 
the  stomach  and  bowel.  Chloroform  stops  the  convulsions. 

CAMPHOR  MONOBROMIDE,  C10H15()Br.  (U.S.P.),  occurs  in  white  crystals, 
insoluble  in  water,  with  a  slight  smell  of  bromine  and  a  marked  smell  of 
camphor.  The  dose  is  2  to  10  grs.,  and  it  is  best  given  in  solution  in 
alcohol  and  glycerin,  as  the  powder  is  irritating.  Five  to  20  grs.  slow 
the  heart  and  respiration,  and  slightly  lower  the  temperature.  In  man 
and  animals  its  action  is  essentially  that  of  camphor.  In  the  cat,  large 
doses  are  followed  by  inability  to  walk,  staggering,  coma,  and  convulsions. 
It  has  been  used  in  delirium  tremens,  insomnia,  chorea,  hysteria,  and 
epilepsy,  and  generally  as  a  sedative.  Therapeutically  it  is  quite  super- 
fluous. 

CAMPHORIC  ACID,  C10H1604,  is  an  oxidation  product  of  camphor,  but 
pharmacologically  it  differs  a  good  deal  from  it.  It  is  not  a  very 
active  substance,  as  2  to  4  grs.  cause  in  frogs  only  slight  depression,  which 
is  soon  succeeded  by  an  increase  of  reflexes  which  lasts  for  several  days. 
It  scarcely  affects  the  motor  nerves  and  muscles.  Seventy-five  grs.  given 
to  a  rabbit  only  caused  a  slight  dulling  of  the  nervous  system,  which  was 
succeeded  by  an  increase  in  reflex  excitability.  Wagener  states  that  it 
raises  the  blood  pressure  and  stimulates  the  heart.  In  man  it  has  been 
given,  up  to  750  grs.  per  day,  without  causing  any  toxic  or  unpleasant 
symptoms. 

Therapeutically  it  was  first  used  in  tubercle,  and  in  catarrhal  con- 
ditions of  the  bladder  and  bronchi,  under  the  idea  that  it  exercised  a 
special  antiseptic,  astringent  effect.  It  was  soon  found  to  be  inferior  to 
other  remedies  commonly  used  in  such  conditions,  but  meantime  Fiirbringer 
had  observed  that  it  effectually  checked  the  secretion  of  sweat.  Further 
trials  have  shown  that  it  is  a  valuable  anhidrotic  in  phthisical  sweating, 
and  in  excessive  sweating  from  other  causes  (Stockman). 

Camphoric  acid  occurs  in  white  crystals,  slightly  soluble  in  water,  more 
freely  in  alcohol.  It  is  best  given  in  powder,  or  as  sodium  camphorate, 
which  is  very  soluble.  The  most  successful  method  of  administering  it 
is  to  give  30  grs.  at  night,  two  or  three  hours  before  the  sweating  is  expected 
to  begin,  or  the  same  amount  may  be  given  in  two  doses  at  short  intervals. 
The  acid  is  slow  in  action,  owing  to  its  insolubility  and  the  consequent 
delay  in  being  absorbed ;  excretion  takes  place  in  the  urine,  the  bulk  of 
it  being  eliminated  in  about  twelve  hours,  and  hence  its  action  is  not 
usually  very  prolonged.  My  experience  of  it  is  that  it  acts  about  as 
efficiently  as  atropine,  and  is  a  generally  useful  anhidrotic.  The  termina- 
tions of  the  secretory  nerves  in  the  sweat  glands  are  paralysed  by  it,  and 
it  has  therefore  no  specific  action  on  the  tubercle  bacilli  in  phthisical 
sweating,  nor  does  it  influence  the  fever  or  local  lung  condition. 

In  tuberculous  diarrhoea,  15  grs.  twice  or  thrice  daily  in  powder  has 
sometimes  a  very  beneficial  effect. 

BORNEO  (SUMATRA,  MALAY,  BAROS)  CAMPHOR,  C10H180,  is  obtained  from 
the  trunk  of  a  large  tree,  the  Dryobalanops  camphora,  the  best  quality 
being  in  flat  crystals.  It  is  slightly  heavier  than  water,  and  chemically 
is  an  alcohol,  of  which  common  camphor  is  the  aldehyde.  It  commands 
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a  very  high  price  in  China,  where  it  is  held  in  extravagant  estimation 
as  a  general  stimulant,  as  an  aphrodisiac,  and  in  ophthalmia. 

On  frogs  it  has  the  same  action  as  laurel  camphor.  In  mammalia  also 
it  causes  the  same  symptoms,  but  the  convulsions  are  much  less  severe 
in  cats  and  rabbits,  and  cannot  be  produced  at  all  in  dogs.  There  is 
psychical  excitement,  passing  into  stupor,  with  complete  indifference  to 
external  stimuli,  and  occasional  convulsive  attacks.  In  man,  small  doses 
flush  the  face  and  produce  a  feeling  of  stimulation,  but  the  action  of  large 
amounts  has  never  been  observed.  The  heart  and  circulation  are  stimu- 
lated powerfully.  There  is  no  reason  to  suppose  that  it  has  any  therapeu- 
tical powers  which  laurel  camphor  does  not  possess. 

Artificially  made  Borneo  camphor,  or  borneol,  prepared  from  common 
camphor  or  from  colophene,  has  the  same  action  as  the  natural  product. 
Ngai  camphor,  obtained  from  the  Jllumea  balsamifera,  is  isomeric  with 
borneol  and  is  identical  in  action.  It  is  used  in  Chinese  medicine. 

OIL  OF  CAMPHOR  is  the  essential  oil  obtained  from  the  laurel  camphor 
tree.  It  consists  of  a  terpene  holding  camphor  in  solution,  and  has  the 
ordinary  characteristics  of  volatile  oils.  It  is  of  a  light  or  dark  yellow 
colour,  with  a  hot  taste  and  strong  camphoraceous  odour.  It  is  a  good 
stimulant  and  anodyne  application  in  muscular  pains,  lumbago, 
rheumatism,  and  superficial  neuralgias,  and  has  a  diuretic  action  when 
taken  internally.  The  Borneo  camphor  tree  yields  a  volatile  oil,  which  has 
much  the  same  properties  and  uses. 
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THYMOL,  methyl-propyl-phenol,  is  obtained  from  the  volatile  oils  of 
Thymus  vulgaris,  Monarda  punctata,  and  Carum  copticum.  It  is  in  large 
crystals,  having  the  odour  and  taste  of  thyme,  scarcely  soluble  in  cold 
water,  but  freely  in  alcohol.  Dose,  \  to  2  grs. 
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Pharmacology. — External. — In  action  it  very  closely  resembles 
phenol,  a  saturated  solution  (about  1  in  1000)  being  sufficiently  strong  to 
stop  most  fermentative  and  putrefactive  processes  (Lewin).  A  really 
strong  antiseptic  solution  cannot  be  conveniently  made  from  it,  owing 
to  its  insolubility  in  water.  It  is  not  a  caustic,  but  it  will  irritate  the 
skin  if  applied  in  substance,  and  is  capable  of  causing  a  good  deal  of 
inflammation  of  mucous  membranes.  Like  phenol,  it  penetrates  through 
the  epidermis,  and  causes  a  degree  of  local  anaesthesia  by  its  action  on  the 
sensory  nerve  terminations. 

Internal. — In  the  stomach  small  doses  cause  slight  local  stimulation, 
but  no  uncomfortable  irritation  is  felt  usually,  unless  about  15  grs.  or  more 
is  taken.  It  does  not  hinder  peptic  digestion  chemically,  but  may  cause 
some  vomiting  and  dyspepsia  from  its  irritating  effects  on  the  mucous 
membrane.  Owing  to  its  insolubility,  it  may  have  the  same  irritating 
effect  on  the  bowel,  and  a  portion  of  it  may  pass  out  in  the  fyeces.  It  has, 
therefore,  an  antiseptic  action  on  a  large  portion  of  the  intestine.  The 
part  which  becomes  absorbed  into  the  blood  is  finally  excreted  in  the 
urine  in  combination  with  sulphuric  and  glycuronic  acids,  but  there  is  also 
a  body  which  becomes  green  on  exposure  to  the  air,  and  a  hydrochinon 
compound  (Blum).  It  colours  the  urine  greenish  very  often. 

After  absorption  it  has  only  about  one-tenth  the  toxicity  of  phenol, 
and  does  not  exercise  the  same  stimulant  effect  on  the  nervous  system, 
for  after  large  doses  there  is  depression  from  the  first.  It  lowers  the 
temperature.  An  overdose  in  man  may  cause  faintness,  giddiness,  and 
collapse,  with  singing  in  the  ears  and  deafness. 

Therapeutics. — External. — Its  external  uses  are  practically  those 
of  a  substitute  for  carbolic  acid,  but  it  has  never  attained  much  popularity. 
As  a  mouth-wash,  as  an  ointment  (5  to  30  grs.  to  the  oz.),  as  thymolated 
oil  (4  grs.  to  the  oz.),  as  a  lotion  (1  to  1000),  and  in  thymol  gauze,  it  has 
been  used  for  the  same  purposes  as  similar  preparations  of  phenol. 

Internal. — Internally  it  has  been  used  as  an  intestinal  antiseptic  in 
enteric  fever,  diarrhoea,  and  dysentery,  but  not  with  signal  success.  Its 
most  useful  application  is  as  an  anthelmintic,  especially  to  kill  the 
Ancliylostoma  duodcnale.  To  do  this  efficiently  Lutz  recommends  that 
the  bowel  be  cleared  the  day  before  by  a  smart  dose  of  calomel  or  senna ; 
a  light  supper  is  taken,  and  next  morning  30  grs.  thymol,  followed 
in  two  hours  by  a  similar  dose.  An  hour  later  breakfast  may  be  in- 
dulged in,  and  in  the  afternoon  a  mild  purgative  should  be  administered. 
Sandwith  simply  gives  two  doses  of  30  grs.  each,  and  castor-oil  some 
hours  later.  He  states  that  this  always  acts  efficiently,  and  that  the 
patient's  strength  is  not  reduced  by  purgation  and  starvation.  The  treat- 
ment has  often  to  be  repeated  several  times  before  all  the  worms  are 
expelled.  It  is  a  perfectly  safe  method,  the  worst  effects  observed  being 
sickness,  giddiness,  and  faintness,  and  sometimes  a  burning  feeling  in  the 
urethra  during  micturition.  Thymol  also  kills  Oxyurix,  Ascaris,  Tricho- 
cephalus,  and  Tcenia  (see  p.  551). 
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MENTHOL  is  chemically  an  alcohol  belonging  to  the  allylic  series,  and  is 
obtained  by  cooling  the  essential  oils  obtained  from  Mentha  piperita 
and  M.  arvensis.  It  occurs  in  acicular  crystals,  slightly  soluble  in  water, 
but  freely  in  alcohol.  It  has  the  odour  and  taste  of  peppermint.  Dose,  ^ 
to  2  grs.  The  British  Pharmacoposia  has  an  official  Emplastrum  Menthol. 

Pharmacology. — External. — The  action  of  menthol  has  a  close  re- 
semblance to  that  of  camphor,  differing  only  in  certain  details.  A  solution  of 
1  in  1000  of  water  hinders  the  development  of  most  bacteria ;  hence  it  is 
antiseptic,  and  it  is,  of  course,  strongly  deodorant  (Macdonald,  Cholewa). 
When  rubbed  on  the  skin  it  causes  a  feeling  of  cold,  due  to  an  action  on 
those  sensory  nerve  terminations  which  specially  convey  sensations  of 
cold,  but  if  applied  over  a  region  where  the  heat-conducting  terminations 
are  most  abundant  it  may  produce  a  feeling  of  warmth  (Goldscheider). 
It  readily  penetrates  through  the  skin,  and  induces  a  considerable  degree 
of  local  anaesthesia  by  paralysing  the  terminations  of  the  superficial 
sensory  nerves.  In  the  mouth  it  has  a  peculiar  taste  and  smell,  and  causes 
a  feeling  of  heat  and  irritation  with  increased  salivation,  which  is  followed 
by  a  cool  sensation,  due  to  an  action  on  the  sensory  nerves,  and  most 
marked  if  air  be  drawn  into  the  mouth. 

Internal. — Internally  it  acts  as  a  carminative  and  local  stimulant  in 
the  stomach  and  bowel,  but  large  doses  may  cause  a  good  deal  of  irritation 
and  consequent  interference  with  gastric  digestion.  In  the  stomach 
it  has  a  certain  anaesthetic  effect  on  the  sensory  nerves.  It  is  absorbed 
from  the  bowel,  and  from  the  skin  or  mucous  membranes,  and,  combining 
in  the  body  with  glycuronic  acid,  it  is  excreted  in  the  urine  as  mentho- 
glycuronic  acid,  imparting  to  it  a  peculiar  rather  pleasant  odour,  and 
preventing  its  decomposition.  In  man  small  doses  cause  a  feeling  of 
warmth  and  exhilaration,  much  resembling  that  following  the  ingestion  of 
alcohol.  In  cats  large  doses  cause  restlessness,  inco-ordination,  and 
stumbling,  followed  by  profound  stupor.  The  animal  may  lie  completely 
unconscious  for  two  or  three  days,  and  death  may  then  occur  from  paralysis 
of  respiration.  There  is  great  loss  of  heat,  and  this  no  doubt  contributes 
to  the  fatal  termination.  Convulsions  never  occur.  In  dogs  the  behaviour 
is  that  of  an  animal  intoxicated  with  alcohol,  and  there  is  considerable 
dilatation  of  the  peripheral  vessels.  In  the  case  of  frogs  the  action  is 
exerted  almost  entirely  on  the  encephalon.  The  animal  becomes  quite 
unconscious,  but  the  cord  and  peripheral  nerves  remain  practically  un- 
impaired. 

Menthol  stimulates  the  heart  very  markedly.  With  small  doses  the 
pulse  is  quickened  and  the  blood  pressure  rises,  but  with  larger  doses 
there  is  a  fall  of  pressure,  which  seems  to  be  due  to  dilatation  of  the 
arteries.  The  heart  may  also  slow  somewhat,  but  it  continues  to  beat 
well  and  powerfully  until  late  in  the  poisoning. 

Therapeutics. — In  1870  Wright  drew  attention  to  the  use  of 
menthol  (oil  of  peppermint)  in  China  as  an  analgesic  in  neuralgia.  This 
was  soon  confirmed  by  Macdonald  and  others,  and  since  then  it  has  been 
freely  used  in  superficial  neuralgia  and  muscular  pains.  When  it  is 
rubbed  on  the  skin,  or  applied  in  solution  in  olive-oil,  alcohol,  oil  of 
peppermint,  or  other  essential  oils,  it  deadens  the  pain  of  neuralgia  in  a 
few  minutes,  and  this  may  be  kept  up  by  repeated  applications.  It  is  of 
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no  use  in  sciatica  or  in  deep-seated  pain,  where  it  cannot  penetrate  to  the 
nerves.  The  plaster  is  of  very  little  service  in  such  conditions,  apparently 
because  very  little  menthol  is  absorbed  from  it.  In  itching,  from  urticaria 
and  pruritus,  menthol  may  be  applied  in  substance,  or  dissolved  in  oil,  or 
mixed  with  an  ointment  basis.  It  produces  a  cold  feeling  on  the  skin, 
which  is  sometimes  very  grateful.  Menthol  mixed  with  an  equal  amount 
of  chloral  hydrate  may  be  used  in  the  same  way  as  camphor  in  toothache. 
In  acute  nasal  catarrh  it  may  be  used  as  a  snuff  diluted  with  boric  acid 
(1  in  10),  and  in  catarrh  of  the  respiratory  passages  a  gelatin  and  glycerin 
lozenge  made  up  with  menthol  often  gives  a  good  deal  of  relief  if  allowed 
to  dissolve  slowly  in  the  mouth.  Menthol  makes  a  very  good  mouth- 
wash,  if  a  few  drops  of  an  alcoholic  solution  be  added  to  water. 

Rosenberg  introduced  its  use  in  laryngeal  tubercle,  using  a  10  or  20  per 
cent,  solution  in  oil,  or  it  may  be  dissolved  in  bland  liquid  paraffin.  He 
applied  15  to  30  minims  of  the  solution  once  or  twice  daily  to  the  larynx 
by  means  of  a  syringe,  and  found  that  it  had  an  analgesic  and  sedative 
effect,  while  the  ulcers  tended  to  clean  and  heal  under  its  use.  Further 
experience  has  proved  that  its  sedative  effect  is  very  marked  in  these 
cases.  In  pulmonary  phthisis  intralaryngeal  injections  of  similar  solutions 
have  a  marked  effect  in  lessening  cough  and  vomiting,  while  the  fever  and 
general  condition  often  improve  markedly.  It  has  no  effect  on  the 
tubercle  bacilli.  About  a  drachm  may  be  injected  daily.  In  the  vomiting 
of  pregnancy  small  doses  are  said  to  sometimes  do  good. 
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TANNIC   ACID   AND  ALLIED  SUBSTANCES. 

TANNIC  ACID. 
(B.P.  AND  U.S. P.) 

THE  various  official  substances  which  contain  any  considerable  amount  of 
tannic  acid,  or,  as  it  is  often  called,  tannin,  have  long  been  used  in  medicine 
as  astringents,  and,  while  they  embrace  a  wide  variety  of  vegetable  products, 
they  all  agree  in  owing  their  activity  to  the  tannin  which  they  contain. 
The  following  substances  contain  it : — GALLS,  CATECHU,  EHATANY  (krameria), 
KINO,  LOGWOOD,  and  HAMAMELIS,  official  in  both  pharmacopeias ;  EUCA- 
LYPTUS GUM,  official  only  in  the  British ;  the  rhizome  of  GERANIUM  MACU- 
LATUM,  and  the  fruit  of  KHUS  GLABRA,  official  only  in  the  United  States. 
The  tannic  acid  present  is  not  the  same  chemical  body  in  all  of  them,  how- 
ever, and  hence  we  distinguish  each  by  a  prefix  indicating  the  source,  as 
gallo-tannic,  rhatany-tannic,  kino-tannic,  etc.  These  acids  all  have  in 
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common  the  properties  of  precipitating  gelatin  and  albumin  from  solution 
in  water,  and  of  converting  raw  hides  into  leather,  of  producing  an 
astringent  peculiar  taste  in  the  mouth,  and  of  striking  a  green  or  black- 
blue  colour  with  persalts  of  iron.  As  might  be  expected,  therefore,  they 
exercise  very  similar  effects  pharmacologically,  although  some  are  un- 
doubtedly more  powerful  precipitants  of  albumin  than  others.  The  crude 
drugs  and  their  preparations  also  vary  somewhat  in  the  intensity  of  their 
actions,  this  being  accounted  for  by  the  fact  that  many  of  them  contain 
gum,  resins,  and  other  matters  which  influence  the  solubility  of  the  tannins, 
and  thereby  intensify  or  lessen  their  local  effects.  These  differences  have 
a  certain  influence  also  on  their  therapeutical  applications. 

Tannic  (gallo-tannic)  acid  is  the  one  which  has  been  most  carefully 
studied,  and  hence  the  following  description  applies  to  it  mainly. 

Pharmacology. — General  effect. — Tannic  acid  precipitates  albumin 
or  gelatin  from  watery  solution,  the  resulting  precipitate  being  dense,  but 
soluble  in  excess  of  dilute  lactic  and  acetic  acids,  and  in  alkalies  and  their 
carbonates.  The  precipitate  resists  putrefaction,  and  this  affords  proof 
of  the  antiseptic  powers  of  tannin,  while,  as  seen  in  the  process  of  tanning 
hides,  its  prolonged  action  profoundly  alters  the  quality  and  durability  of 
animal  tissues.  In  spite  of  this  antiseptic  action,  watery  solutions  are  very 
apt  to  be  invaded  by  a  fungus  which  grows  well  in  them,  and  they  are  also 
very  liable  to  oxidation,  becoming  gradually  of  a  deep  brown  colour. 
When  neutralised  with  an  alkali,  they  still  retain  their  astringent  taste, 
but  they  completely  lose  their  power  of  precipitating  albuminous 
bodies. 

Tannin  exerts  little  or  no  appreciable  action  on  the  unbroken  skin,  but  on 
mucous  membranes,  or  on  raw  or  bleeding  surfaces,  its  astringent  effects 
are  immediate  and  decided.  When  applied  to  a  mucous  membrane  it 
seems  to  produce  a  certain  degree  of  coagulation  in  the  cells  ;  it  precipitates 
the  albumin  of  the  secretions,  and  diminishes  their  amount.  Schiitz  has 
shown  that  this  is  due  to  a  direct  action  on  the  secreting  cells,  and  that  it 
is  independent  of  any  effect  on  the  blood  vessels  or  nerves.  The  thin  layer 
of  tanuate  of  albumin  thus  formed  has  an  antiseptic  and  protective  effect. 
Its  effect  on  the  blood  vessels  has  been  the  subject  of  a  good  deal  of  inves- 
tigation, but  there  is  agreement  that  solutions  of  very  varying  strengths 
dilate  the  vessels  when  locally  applied  (Hennig,  Rosenstirn,  Fikentscher), 
although  Heinz  states  that  a  short  period  of  contraction  precedes  the  dila- 
tation. The  effect  is  seen  only  in  very  superficial  vessels,  and  is  apparently 
due  to  an  action  of  the  tannin  on  their  walls. 

Alimentary  Tract. — In  the  mouth  they  all  cause  a  certain  harsh  taste 
and  a  feeling  of  dryness,  rawness,  stiffness,  and  drawing  together,  which 
lasts  for  some  time,  and  is  due  to  their  effect  on  the  protoplasm  of  the 
cells  involved,  including  the  gustatory  and  sensory  nerves.  The  surface 
affected  is  rougher  to  the  touch,  as  if  the  cells  were  somewhat  harder  than 
normal,  and  had  shrunk  apart.  The  salivary  flow  is  slightly  stimulated. 

In  the  stomach  large  doses  (30  grs.  or  more)  cause  pain,  irritation,  and 
vomiting,  but  this  varies  much  with  the  amount  of  food  present,  and  is,  of 
course,  much  more  marked  when  the  viscus  is  empty.  Such  doses  interfere 
considerably  with  peptic  digestion.  Small  amounts,  however,  such  as  are 
generally  given,  do  not  irritate  the  stomach,  and  do  not  interfere  chemically 
with  digestion  (Lewin).  In  the  bowel,  tannin  lessens  the  mucous  and  other 
glandular  secretions,  so  that  constipation  results,  and  the  fueces  become 
scanty,  dry,  and  hard.  This  is  more  marked  with  the  gummy  and  colloid 
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preparations  than  with  pure  tannic  acid,  as  the  former  are  more  insoluble, 
and  their  action  is  consequently  continued  farther  down  the  intestinal 
canal. 

Much  of  the  interest  in  the  action  of  tannie  acid  centres  in  the  changes 
which  it  undergoes  in  the  bowel,  and  the  forms  in  which  it  circulates  in 
the  blood,  and  is  excreted.  There  is  some  disagreement  regarding  the 
details  of  this,  but  our  present  knowledge  is  as  follows.  In  the  stomach 
and  intestine  tannic  acid  combines  with  albumin  and  alkalies  to  form  tan- 
nates,  but  in  the  alimentary  canal  it  is  gradually  converted  into  gallic  acid, 
and  this  so  thoroughly  that  tannin  is  only  occasionally  found  in  the  faeces, 
although  gallic  acid  is  always  fairly  abundant. 

Absorption  and  elimination. — It  is  therefore  absorbed  from  the  bowel 
chiefly  as  alkaline  gallates,  circulates  in  the  blood  as  such,  and  is  finally 
excreted  in  the  urine.  A  small  quantity  of  tannate  sometimes  appears  in 
the  urine  also,  but  always  in  minute  amount.  Whether  it  is  unchanged 
tannic  acid  has  not  been  definitely  ascertained,  owing  to  the  small  quantity 
present  and  the  difficulty  of  separating  it  pure,  but  the  probabilities  are 
that  it  is  so,  as  it  precipitates  albumin  and  gives  a  black  colour  with  ferric 
salts.  The  amount  of  gallate  or  tannate  present  in  the  blood  at  any  one 
time  is  so  small  that  it  gives  no  coloration  with  iron  salts  when  added 
directly,  and  even  after  extraction  with  alcohol-ether  only  a  very  faint 
indication.  Neither  in  the  bronchial  mucous  membrane,  nor  in  sputum, 
nor  in  the  bile  or  saliva,  can  gallic  or  tannic  acid  be  detected  after  ad- 
ministration by  the  mouth.  It  is  excreted  only  in  the  faeces  and  in  the 
urine,  and  can  be  readily  enough  identified  all  along  the  bowel  and  urinary 
tract  by  the  addition  of  ferric  chloride  (Stockman).  A  great  part  of  the 
ingested  tannin  seems  to  be  oxidised  in  the  body  and  to  disappear  com- 
pletely. In  man  the  urine  is  always  of  normal  colour  when  voided,  but 
after  standing  may  become  dark  from  oxidation  of  some  of  the  decomposition 
products  ;  further,  it  seldom  gives  a  blue-black  colour  with  iron  salts 
unless  it  be  concentrated.  I  was  unable  to  find  pyrogallol  in  the  urine, 
although  it  has  been  stated  to  be  one  of  the  tannin  derivatives  found  there. 
When  tannic  acid  is  given  by  the  mouth,  therefore,  the  greater  part  of 
it  becomes  decomposed  in  the  body,  and  the  resulting  products  have  not 
been  identified ;  a  minute  amount  usually  remains  undecomposed,  and  is 
excreted  in  the  urine  as  alkali-tannate,  while  a  larger  quantity  becomes 
gallic  acid  and  gallates. 

Remote  astringent  effect. — As  gallic  acid  (q.v.)  has  110  astringent  action,  we 
may  confine  our  attention  to  the  small  amount  of  tannate  which  circulates 
in  the  blood.  Experiments  made  on  the  blood  vessels  of  frogs  and  mammalia, 
by  circulating  fluids  through  them,  have  shown  that  tannic  acid  causes 
dilatation  rather  than  contraction,  while  tannates  (alkali  and  albumin) 
have  no  effect  whatever,  owing  to  the  chemical  affinity  of  the  acid  being 
satisfied,  so  that  it  no  longer  has  any  action  on  albumin.  Nor  have 
tannic  acid  or  tannates  any  influence  on  the  blood  pressure.  Hence  the 
conclusion  may  be  drawn  that  they  do  not  contract  blood  vessels  either 
by  a  direct  action  or  through  an  action  on  the  central  nervous  system. 
Experiments  of  this  kind,  however,  last  only  for  a  comparatively  short 
time,  and  the  possibility  remains  that  during  prolonged  administration 
of  tannin  the  cells  of  the  vessels  and  glands  may  absorb  it  from  its 
combinations,  and  thereby  come  under  its  astringent  influence.  Against 
this  assumption,  however,  is  the  very  minute  amount  in  which  it  is  ever 
found  in  the  blood  or  urine,  and  the  fact  that  it  does  not  lessen  the  secretion 
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of  urine,  or  any  other  secretion  (so  far  as  I  have  been  able  to  judge) 
except  that  of  the  gastro-intestinal  tract,  where  it  actually  comes  into 
direct  contact  with  the  parts.  My  own  opinion  is,  that  it  exerts  no 
astringent  action  after  absorption  from  the  bowel. 

Therapeutics. — From  what  has  just  been  said  it  may  be  gathered 
that  the  diseased  conditions  in  wjiich  one  may  use  tannin  with  confidence 
are  local  in  character.  As  a  styptic  in  oozing  or  bleeding  from  the  nose, 
gums,  stomach,  rectum,  uterus,  it  is  used  in  powder,  in  solution  (4  or  5 
per  cent.),  or  as  soaked  lint.  As  a  disinfectant  astringent  it  is  very  largely 
employed  in  chronic  pharyngitis,  the  Glycerinum  Acidi  Tannici  being 
applied  frequently,  or  one  of  the  official  lozenges  sucked  several  times  daily. 
In  ozama,  leucorrhcea,  gonorrhoea,  and  otorrhoea,  weak  solutions  are  some- 
times employed  as  lotions  (1  to  2  per  cent.),  while  the  powder,  alone  or 
combined,  may  be  insufflated  into  the  ear  or  larynx.  In  weeping  eczema, 
intertrigo,  and  discharging  skin  diseases,  it  checks  the  discharge  and 
reduces  itching  and  irritation.  It  can  be  applied  as  a  lotion,  as  an 
ointment  (5  to  60  grs.  to  the  oz.),  or  as  a  powder  diluted  with  Fuller's 
earth. 

In  cases  of  sore  nipples  the  Glycerinum  often  has  the  desired  effect  of 
hardening  the  parts.  Although  tannic  acid  has  little  action  on  the  skin,  a 
solution  of  it  in  alcohol  has  a  considerable  beneficial  effect  in  tenderness  of 
the  skin  of  the  feet,  where  there  is  a  tendency  to  perspiration  and  forma- 
tion of  blisters.  It  has  to  be  applied  very  frequently,  and  the  solution 
allowed  to  dry  on.  In  diarrhoea,  kino,  catechu,  and  some  of  the  other 
tannin-containing  drugs,  act  much  more  satisfactorily  than  tannic  acid 
itself.  They  are  not  decomposed  nor  absorbed  so  readily,  and  hence  their 
action  is  exerted  along  a  larger  portion  of  the  intestinal  canal.  They  and 
their  preparations  are  extensively  used  in  diarrhoea,  alone  or  combined  with 
chalk,  opium,  bismuth,  and  other  drugs.  They  can  also  be  given  per  rectum 
in  enema.  In  rectal  catarrh  the  official  suppository  is  sometimes  used, 
while  in  haemorrhoids  the  ointment  of  galls  is  very  extensively  prescribed 
for  its  astringent  and  styptic  action. 

Tannic  acid  forms  insoluble  compounds  with  the  heavy  metals  and  most 
alkaloids,  hence  it  has  been  recommended  in  poisoning  as  a  precipitant  of 
these  in  the  stomach.  Such  treatment,  however,  is  only  a  preliminary  to 
giving  an  emetic  or  washing  out  the  stomach,  which  should  be  done  with 
as  little  delay  as  possible. 

The  preparations  of  tannin  are  often  given  in  haemoptysis,  metrorrhagia, 
and  hsematuria,  to  check  bleeding,  but  their  value  is  doubtful.  In  ex- 
cessive sweating,  leucorrhoea,  and  bronchorrhoea,  they  have  no  effect  in 
lessening  the  discharge.  In  chronic  albuminuria,  tannic  acid  in  various 
forms  has  often  been  recommended  with  the  intention  of  checking  the 
drain  of  albumin  from  the  blood,  but  opinion  is  very  divided  as  regards  its 
efficacy.  Eibbert,  Lewin,  and  Saundby  all  say  that  the  albuminuria  is 
lessened,  while  Briese  is  quite  emphatic  that  the  course  of  the  disease  is 
not  affected,  and  that  the  albumin  is  neither  diminished  nor  its  increase 
hindered. 

Catechu,  kino,  eucalyptus  gum,  and  rhatany  root  are  used  chiefly  in  sore 
throat,  diarrhoea,  htematuria,  albuminuria,  and  internal  bleeding.  Logwood 
contains  a  very  small  amount  of  tannin,  and  acts  as  a  very  mild  astringent. 
It  is  sometimes  used  in  diarrhoea. 

The  fluid  extract  of  geranium  (U.S.P.)  is  much  used  in  the  United 
States  for  diarrhoea.  Sumach  berries  (Rhus  glabra),  contain  much  tannin, 
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and  the  Extractum  Ehois  Glabrae  Fluidum  (U.S.P.),  diluted  with  water, 
forms  an  excellent  gargle. 

Haniamelis  or  witch-hazel  bark,  and  probably  the  leaves  also,  contain 
about  6  per  cent,  tannin  (Straub).  The  preparations  are  used  locally  and 
given  internally  as  astringents  and  haemostatics.  The  active  principle  of 
the  Liquor  Hamamelidis  is  not  known,  but  is  a  volatile  body.  This  liquor 
is  used  locally  in  piles  and  bleeding,  and  is  given  internally  for  the  same 
purposes. 

Several  substitutes  for  these  tannin-containing  drugs  have  been  pro- 
posed with  the  object  of  acting  specially  on  the  bowel.  Of  these,  tannigen 
(diacetyl-tannin)  has  been  introduced  by  Meyer,  and  tannalbin  (albumin 
and  tannic  acid)  by  Gottlieb.  Both  are  given  in  10  to  30-gr.  doses,  and, 
according  to  Kost,  are  only  partially  broken  up  in  the  bowel,  so  that  their 
action  is  prolonged  and  efficient. 

GALLIC  ACID. 
(B.P.  AND  U.S.P.) 

Gallic  acid  does  not  precipitate  albumin,  and  has  therefore  no  local 
styptic  or  astringent  action,  neither  does  it  tan  leather.  It  is  partly 
decomposed  in  the  body,  and  partly  excreted  unchanged  as  alkali-gallate 
in  the  urine.  Very  large  doses  can  be  taken  without  producing  any  symp- 
toms. Its  action  is  simply  that  of  a  weak  organic  acid,  and  hence  it  has 
no  special  therapeutical  value  of  any  kind.  It  has  been  largely  used  in 
this  country  as  a  remote  astringent  in  haemorrhage  of  all  kinds,  and  to  a 
much  less  extent  in  albuminuria,  and  the  night  sweats  of  phthisis.  There 
is  no  reason  to  suppose  that  it  has  any  value  in  these  cases. 

PYROGALLIC  ACID. 

PYKOGALLOL,  or  pyrogallic  acid,  is  prepared  from  gallic  acid  by  dry 
distillation  at  215°  C.  It  is  trioxybenzol,  and  both  chemically  and  phar- 
macologically is  more  nearly  related  to  phenol  than  to  gallic  acid.  It 
occurs  in  white  crystals,  very  soluble  in  water,  has  no  acid  re- 
action, and  absorbs  oxygen  very  readily,  becoming  dark  brown  in  the 
process. 

Pharmacology. — Pyrogallic  acid  precipitates  albumin,  and  in  1  or  2 
per  cent,  solution  has  powerful  antiseptic  properties.  It  irritates  the  skin, 
which  it  stains  of  a  brown  or  black  colour.  Its  action  on  the  nervous 
system  somewhat  resembles  that  of  phenol,  as  in  large  doses  it  produces 
tremblings  and  twitchings,  with  faintness,  collapse,  and  depression  of 
temperature.  Its  most  marked  poisonous  effect  is  on  the  blood.  The  red 
corpuscles  become  broken  up,  and  as  a  consequence  jaundice,  heemo- 
globinuria,  and  albuminuria  may  result.  The  haemoglobin  is  converted 
partly  into  methaemoglobin,  and  there  may  be  great  dyspnoea  in  con- 
sequence. Poisoning  may  readily  take  place  by  absorption  through  the 
skin.  It  is  excreted  in  the  urine  partly  as  an  ethereal  combination  with 
sulphuric  acid,  and  partly  as  other  bodies  which  often  colour  the  secretion 
a  dark  brown. 

Therapeutics. — Pyrogallol  has  been  largely  used  in  the  treatment 
of  psoriasis  (in  the  form  of  ointment,  5  to  10  per  cent.,  made  up  with  lard, 
paraffin,  or  other  basis),  and  generally  gets  rid  of  the  eruption  in  one  or 
two  months.  It  has  also  been  used  in  eczema  and  in  lupus.  Care  must 
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be  taken  not  to  apply  it  over  too  large  a  surface  of  the  skin,  but  if  applied 
mixed  with  collodion  it  is  less  liable  to  be  absorbed. 

In  watery  solution  it  is  sometimes  used  as  a  hair  dye.  Vesey  speaks 
highly  of  its  value  as  a  haemostatic  in  menorrhagia,  haematemesis,  and 
haemoptysis,  when  given  in  1  gr.  dose  every  half  hour  until  the  bleeding 
has  ceased. 
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VEGETABLE  PUKGATIVES. 

PRUNES,  FIGS,  TAMARINDS,  CASSIA,  MANNA,  CASTOR  OIL,  RHUBARB,  SENNA, 
EUONYMIN,  ALOES,  CHELIDONIUM,  FRANGULA,  IRIS,  JUGLANS,  LEP- 
TANDRA,  SCAMMONY,  JALAP,  CROTON  OlL,  COLOCYNTH,  ELATERIUM, 
GAMBOGE,  PODOPHYLLIN,  BRYONIA. 

THIS  group  will  be  found  classified  according  to  their  action  on  p.  526, 
and  it  is  there  stated  which  are  found  in  the  British  and  which  in  the 
United  States  Pharmacopoeia.  Vegetable  purgatives  include  a  large 
number  of  remedies  which  in  the  main  agree  in  producing,  in  a  greater  or 
less  degree,  increased  rapidity  of  action  of  the  bowel.  Our  knowledge  of 
these  drugs  is  to  a  large  extent  derived  from  clinical  experience.  Although 
experiments  have  been  undertaken  from  time  to  time  with  the  view  of 
determining  more  accurately  the  exact  mode  of  operation  of  the  respective 
members  of  this  group,  still  the  conditions  of  experiments  are  frequently 
unsatisfactory ;  on  the  other  hand,  the  results  of  clinical  experience  may 
be  equally  uncertain,  since  the  action  of  the  bowel  is  so  largely  dependent 
upon  habit  and  idiosyncrasy. 

Pharmacology. — These  drugs  are  employed  to  alleviate  various 
conditions ;  the  increased  rapidity  of  action  of  the  bowel  which  they 
produce  being  often  desirable  for  the  relief  of  a  great  variety  of  maladies 
independent  of  intestinal  inactivity.  Some  members  of  the  group  only 
slightly  increase  the  rapidity  of  action,  while  even  small  doses  of  other 
substances  may  excite  several  violent  actions  of  the  bowel,  which  are 
accompanied  by  much  griping  pain,  and  may  even  result  in  considerable 
intestinal  irritation.  For  the  explanation  of  these  marked  differences  of 
action  it  has  been  shown  that  purgatives  act  primarily  in  two  distinct 
ways,  though  in  practice  many  purgatives  combine  the  two  modes  of 
action. 

The  two  ways  in  which  increased  activity  of  the  bowel  may  be  effected 
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are : — First,  by  stimulation  of  peristaltic  contractions,  so  that  the  waves 
of  contraction,  which  pass  along  the  length  of  the  bowel,  succeed  each 
other  with  abnormal  rapidity,  and  thus  drive  the  contents  onwards 
without  leaving  time  for  the  customary  alteration  of  the  contents  by 
absorption.  This  increased  activity  of  peristaltic  action  would  therefore 
account,  not  only  for  the  motions  being  more  frequent,  but  also  for  their 
being  more  liquid,  or  at  least  of  a  less  formed  character ;  and  inasmuch 
as  the  contents  of  the  upper  part  of  the  intestine  are  distinctly  of  a  fluid 
character,  great  rapidity  of  peristaltic  action  may  lead  to  the  passage  of 
many  liquid  motions,  in  which  the  liquid  consists  solely  of  that  which 
has  been  taken  with  food.  The  second  way  in  which  purgation  may  be 
favoured  is  by  stimulation  or  irritation  of  the  mucous  lining  of  the 
intestine,  so  as  to  produce  an  increased  flow  of  fluid  from  the  capillaries 
of  the  intestine.  This  stimulation,  which  may  be  regarded  as  a  physio- 
logical or  pathological  condition,  according  to  its  extent,  would  speedily 
necessitate  increased  peristalsis,  since  the  onward  passage  of  an  increased 
bulk,  of  fluid  character,  is  likely  to  be  followed  by  increased  reflex  peri- 
staltic contractions.  These  two  distinct  modes  of  action  have  been 
demonstrated  experimentally  for  many  members  of  the  group  of  vegetable 
purgatives,  and  it  has  further  been  shown  that  the  two  methods  are 
frequently  conjoined,  and,  in  fact,  that  it  is  comparatively  rare  for 
purgatives  to  act  solely  either  on  the  secretory  apparatus  or  on  the 
muscular  wall.  It  has  already  been  stated,  however,  that  our  knowledge 
of  the  action  of  many  of  the  group  of  vegetable  purgatives  rests  on 
clinical  experience  and  observation. 

These  modes  of  action  do  not,  however,  in  all  probability,  include  the 
whole  truth  of  the  action  of  purgatives,  since  no  account  is  thus  taken  of 
an  important  factor  which  cannot  be  ignored,  namely,  the  action  of  drugs 
upon  the  secretion  of  bile.  The  bile  is  generally  credited  with  the  power 
of  producing  increased  peristalsis,  and  efforts  have  therefore  been  made  to 
explain  the  action  of  some  purgatives,  on  the  assumption  that  they  excite 
an  increased  secretion  of  bile,  which  then  acts  as  a  purgative.  Cholagogue 
action  has  been  claimed  for  many  of  the  drugs,  and  numerous  experiments 
have  been  made  by  Eutherford  and  others  to  determine  the  extent  to 
which  drugs  possess  the  power  of  stimulating  an  increased  formation  of  bile. 
It  must  be  remembered,  however,  that  the  appearance  of  bile  in  the 
motions  is  no  evidence  of  increased  formation,  since  this  may  be  due  to 
conditions  which  favour  the  evacuation  of  an  over-distended  gall  bladder ; 
or,  on  the  other  hand,  it  may  result  merely  from  diminished  absorption, 
owing  to  the  increased  peristalsis. 

Again,  in  considering  the  beneficial  results  which  ensue  after  the 
employment  of  purgatives  or  laxatives,  it  should  not  be  forgotten  that 
the  supposed  permanent  stimulation  of  peristalsis  may  possibly  result  from 
the  re-establishment  of  normal  conditions  after  the  removal  of  a  mass  of 
impacted  faeces,  which  has  been  causing  temporary  paresis  of  the  intestine. 
Such  re-establishment  of  peristaltic  action  is  often  known  to  follow  the 
removal  of  faecal  accumulations  from  the  rectum,  or  from  the  sigmoid 
flexure,  by  means  of  suppositories  or  enemata ;  and  it  can  scarcely  be 
considered  that  by  such  agencies  direct  stimulation  of  peristalsis  of  the 
upper  part  of  the  intestine  can  possibly  be  produced. 

Therapeutics. — The  objects  with  which  purgatives  are  employed 
may  be  limited  to  conditions  connected  with  the  intestine,  or  may  extend 
to  the  removal  of  other  abnormal  conditions.  In  the  first  place,  as  regards 
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intestinal  conditions,  members  of  this  group  are  used  either  to  promote 
greater  frequency  or  greater  regularity  of  action,  as,  for  example,  in  con- 
ditions marked  by  chronic  constipation;  or  they  may  be  intended  to 
promote  one  or  more  rapid  actions  of  the  bowel,  with  the  view  of  removing 
some  source  of  irritation,  whether  this  irritation  is  simply  producing  pain, 
or  whether  it  is  actually  serving  as  a  cause  of  diarrhoea. 

Secondly,  the  action  of  the  intestine  is  frequently  excited  so  as  to 
effect  the  elimination  of  nitrogenous  waste,  and  thus  to  relieve  the  deficient 
action  of  the  kidney ;  or  it  may  be  increased  with  the  view  of  so  far 
removing  liquid  from  the  vessels  of  the  intestine  as  to  promote  the 
absorption  of  fluid  in  remote  parts,  as,  for  example,  in  the  well-known 
treatment  of  various  forms  of  dropsy. 

Purgatives  may  be  employed  to  cause  rapid  fall  of  blood  pressure  by 
the  removal  of  fluid  from  the  vascular  walls,  this  fall  of  pressure  being 
desired  more  particularly  in  cases  of  cerebral  haemorrhage,  to  minimise 
the  risks  of  further  effusions.  In  the  present  section  an  important  group 
of  purgatives,  which  includes  the  salines  (see  p.  339),  and  mercurial  pre- 
parations (see  p.  342),  is  not  considered,  attention  being  concentrated  purely 
upon  the  group  of  vegetable  purgatives.  The  vegetable  purgatives  may 
be  conveniently  divided  into  laxatives,  purgatives,  and  drastics,  the  three 
standing  in  the  order  of  their  activity,  the  group  of  laxatives  producing 
only  slight  increase  in  the  normal  rapidity  of  evacuation,  the  purgatives 
being  more  powerful,  while  the  drastics  possess  still  more  violent  effect, 
which  may  be  sufficient  to  cause  considerable  irritation,  or  even  inflam- 
mation of  the  intestine,  if  given  too  frequently,  or  if  the  action  is  uncontrolled 
by  combination  with  other  drugs. 

The  border  lines  between  these  three  groups  are  not  well  defined, 
some  remedies  acting  either  as  laxatives  or  purgatives,  or  else  as  purga- 
tives or  drastics,  in  accordance  with  the  dose  and  the  mode  of  administra- 
tion. The  group  of  laxatives  includes  the  following  substances,  official 
in  both  the  British  and  United  States  Pharmacopeias : — Prunes,  Figs, 
Tamarinds,  Cassia,  and  Castor  oil.  The  purgatives  include  Ehubarb,  Senna, 
Cascara  Sagrada,  Euonymus,  Aloes ;  while  the  drastics  comprise  Scammony, 
Jalap,  Croton  oil,  Colocynth,  Elaterinum,  Gamboge,  and  Podophyllum.  In 
the  United  States  Pharmacopoeia  Cascara  Sagrada  is  called  Rhamnus 
Purshiana,  and  the  following  are  official  in  the  United  States  Pharmacopeia 
but  not  in  the  British  Pharmacopoeia : — Laxative — Manna.  Purgatives — 
Chelidonium,  Frangula,  Iris,  Juglans,  and  Leptandra.  Drastic — Bryonia. 

LAXATIVES. 

The  drugs  of  vegetable  origin  which  act  as  laxatives  agree  with  the 
general  definition  of  laxatives  in  only  causing  slight  increase  in  the  action 
of  the  bowel,  this  increase  being  mainly  the  result  of  reflex  stimulation  of 
the  muscular  coat.  This  group  occupies  a  position  on  the  border  line  of 
medicine,  since  these  remedies  are  very  little  removed  from  the  simple 
measures  adopted,  with  or  without  medical  advice,  with  the  view  of 
causing  relief  from  a  slight  tendency  to  chronic  constipation.  Many 
of  the  domestic  remedies  owe  their  action  to  the  presence  of  some  solid, 
indigestible  particles,  which  slightly  irritate  the  mucous  lining  of  the 
intestine,  and  thus  cause  reflex  contractions ;  but  this  explanation  does 
not  include  the  mode  of  action  of  all  of  the  above-mentioned  members 
of  this  group,  since  some  of  them  undoubtedly  possess  value  independently 
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of  the  presence  of  indigestible  particles.     The  purgative  principles  may 
consist  of  salts  of  vegetable  acids  and  various  forms  of  sugar. 

The  treatment  of  mild  constipation  in  young  and  otherwise  healthy 
adults  is  largely  within  the  scope  of  domestic  remedies ;  thus,  for  example, 
simple  modifications  of  diet,  a  diminution  in  the  amount  of  nitrogenous 
material,  especially  of  meat,  and  an  increase  in  the  amount  of  vegetable 
and  of  fruit  will  often  suffice  for  the  treatment  of  these  cases,  and  the 
result  will  be  the  more  satisfactory  if,  at  the  same  time,  physiological 
errors,  such  as  inactivity  or  deficient  outdoor  exercise,  are  corrected. 

The  presence  of  PRUNES  (B.P.  and  U.S.P.)  and  FIGS  (B.P.  and  U.S.P.)  in 
the  pharmacopoeia  almost  needs  an  apology,  since,  although  largely  used  in 
domestic  medicine  as  laxatives,  it  may  be  doubted  whether  these  articles 
are  ever  solemnly  prescribed.  The  explanation  of  their  presence,  however, 
lies  in  the  fact  that  both  prunes  and  figs  are  contained  in  the  time-honoured 
confection  of  senna,  and,  to  some  extent,  the  inclusion  of  these  articles  in  the 
British  and  United  States  Pharmacopoeias  may  perhaps  be  defended  on  the 
ground  that  they  are  also  present  in  several  of  the  foreign  pharmacopoeias. 
With  the  view  of  overcoming  a  slight  tendency  to  chronic  constipation, 
many  people  are  in  the  habit  of  taking  stewed  prunes,  and  the  slight 
laxative  action  of  these  may  be  greatly  increased  by  the  device  recom- 
mended by  Lauder  Brunton,  of  stewing  a  few  senna  leaves  or  pods,  in  a 
muslin  bag,  with  the  prunes,  since  in  this  way  the  active  principle  of 
senna,  cathartic  acid,  is  dissolved,  and  the  flavour  of  the  prunes  is  not 
materially  affected.  Of  course  in  this  process  we  obtain  the  combined 
action  of  senna — an  undoubted  purgative — with  that  of  prunes,  which 
are  only  mildly  laxative,  and  it  is  merely  a  device  for  enabling  senna  to 
be  taken  without  objection.  The  laxative  action  of  figs  appears  to  be 
mainly  due  to  the  slight  irritation  produced  by  the  small  seeds  they 
contain.  With  the  view  of  relieving  constipation,  figs  may  be  taken  after 
meals  and  well  masticated,  or,  if  this  should  not  suffice,  their  action  may 
be  increased  by  soaking  them  in  water  for  a  few  hours,  and  by  recom- 
mending that  they  should  be  taken  on  first  rising,  together  with  a  glass 
of  cold  water.  But  when  used  in  this  way  the  stimulant  action  of  the 
liquid  should  not  be  overlooked.  Although  no  doubt  extremely  serviceable, 
these  articles  are  to  be  regarded  more  as  foods  than  as  drugs,  and  they 
may  be  compared  with  grapes,  strawberries,  and  raspberries,  or  with 
marmalade  and  various  forms  of  jam,  with  stewed  fruits,  or  even  fresh 
fruits,  such  as  oranges  or  bananas. 

TAMAKINDS  (B.P.  and  U.S.P.)  perhaps  merit  more  serious  consideration, 
since  they  are  imported  solely  for  their  medicinal  value.  Tamarinds  consist 
of  the  fruits  of  the  Tamarindus  indica,  freed  from  the  brittle  outer  part 
of  the  pericarp,  and  preserved  with  sugar.  These  fruits,  with  the  fore- 
going, are  contained  in  the  confection  of  senna,  and  they  appear  to  have 
been  introduced  into  the  British  and  United  States  Pharmacopoeias  solely 
with  the  view  of  entering  into  this  compound,  since  the  compilers  of  the 
British  Pharmacopoeia  have  not  thought  fit  to  append  a  dose  of  tamarinds, 
and  therefore  appear  to  be  of  the  opinion  that  they  should  not  be 
administered  by  themselves.  They  have,  however,  been  given  occasionally 
in  doses  varying  from  a  quarter  of  an  ounce  to  as  much  as  one  ounce,  but 
the  practice  is  not  one  to  be  recommended,  since  in  large  doses  tamarinds 
are  apt  to  produce  considerable  griping  pain.  Tamarinds  contain  about 
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10  per  cent,  of  acid,  which  renders  the  flavour  agreeable  and  refreshing, 
and  accounts  for  their  occasional  employment  in  an  infusion  in  febrile 
affections. 

CASSIA  PULP  (B.P.  and  U.S.P.),  which  is  obtained  from  the  pods  of  Cassia 
fistula,  is  also  contained  in  the  confection  of  senna,  and,  like  tamarinds,  it 
is  not  dignified  with  a  dose  in  the  British  Pharmacopoeia.  The  pulp,  which 
is  the  only  portion  of  the  fruit  employed,  contains  ordinarily  a  large  propor- 
tion of  sugar,  sometimes  even  as  much  as  60  per  cent.  In  taste  and  odour 
cassia  pulp  somewhat  resembles  prunes,  the  taste  being,  however,  rather 
more  acid.  Like  the  last-named  drug,  it  produces  much  pain  and  griping 
when  employed  as  a  purgative  by  itself.  As  a  laxative  it  has  been  em- 
ployed, however,  in  doses  varying  from  half  a  drm.  to  2  drms. ;  while,  if 
given  in  larger  doses,  from  half  an  ounce  upwards,  it  acts  as  a  purgative. 
Cassia  pulp  affords  a  good  illustration  of  the  disadvantages  of  employing 
vegetable  laxatives  without  the  admixture  of  some  other  preparation. 
Except  in  the  preparation  of  the  confection  of  senna,  in  which  it  is 
present  in  relatively  large  amount  (1  in  8),  cassia  pulp  is  scarcely  used. 
Independently  of  the  griping  pain  which  may  ensue  from  the  administra- 
tion of  large  doses  of  cassia  pulp,  it  sometimes  gives  rise  to  nausea  and 
flatulence. 

MANNA  (U.S.P.),  the  concrete,  saccharine  exudation  of  Fraxinus  ornus 
was  formerly  official  in  Great  Britain.  On  account  of  its  sweet  taste 
it  forms  a  pleasant  purgative  for  children,  and  it  is  an  agreeable  constituent 
of  Infusum  Sennas  Compositum  (U.S. P.). 

CASTOR-OIL  (B.P.  and  U.S.P.),  which  has  been  grouped  amongst  the 
laxatives,  stands  upon  a  more  serious  footing  than  any  of  the  foregoing,  since 
it  is  certainly  not  to  be  regarded  as  a  food,  and  although  often  employed  as 
a  domestic  remedy  its  use  is  not  limited  to  its  action  as  a  laxative,  nor  indeed 
is  its  value  solely  dependent  upon  its  effect  in  the  intestine.  According  to 
the  dose  employed,  or  to  special  idiosyncrasy,  castor-oil  may  act  merely  as 
a  laxative,  or  it  may  belong  to  the  next  group  of  purgatives.  It  is  the 
oil  obtained  from  the  seeds  of  the  Eicinus  communis ;  these  seeds  contain 
a  strong  purgative  principle,  of  which  only  a  small  proportion  is  separated 
with  the  oil ;  hence,  although  the  seeds  may  occasionally  produce  violent 
symptoms  of  poisoning,  consisting  of  vomiting,  diarrhoea,  and  collapse,  it  is 
quite  exceptional  for  any  similar  violence  of  action  to  follow  the  adminis- 
tration of  the  oil.  The  chief  objection  to  the  oil  is  its  nauseating  odour, 
which  has  led  to  numerous  devices  for  its  administration.  It  is  note- 
worthy, however,  that  the  authorities  of  the  British  Pharmacopoeia  de- 
scribe it  as  being  possessed  of  scarcely  any  odour,  although  it  is  admitted 
by  them  that  the  taste  may  be  acrid  and  unpleasant. 

Numerous  devices  have  been  suggested  for  the  administration  of  castor- 
oil,  their  number  forming  a  curious  commentary  upon  the  pharmacopoeial 
statement  of  the  slight  odour  of  the  oil.  Some  observers  maintain  that 
the  nausea  results  from  portions  of  the  oil  remaining  within  the  mouth, 
and  hence  that  it  depends  rather  upon  the  sense  of  taste  than  upon  the 
sense  of  smell ;  while,  on  the  other  hand,  others  insist  that  castor-oil  can 
be  readily  taken  if  the  nostrils  are  carefully  closed  during  the  act  of 
swallowing,  and  that  this  device  is  especially  serviceable  when  the  mouth 
has  previously  been  well  moistened  with  water.  Castor-oil  is  sometimes 
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recommended  to  be  taken  with  tea,  coffee,  or  with  peppermint  water,  or 
in  solution  of  other  volatile  oils,  the  glass  or  spoon  from  which  the  oil 
is  taken  being  thoroughly  wetted  before  the  oil  is  poured  upon  the  surface 
of  the  liquid.  Others  speak  in  enthusiastic  terms  of  the  facilities  afforded 
by  forming  what  might  be  termed  a  sandwich  of  castor-oil  between  two 
layers  of  liquid,  as,  for  example,  by  pouring  into  the  glass  some  pepper- 
mint water  and,  after  thoroughly  moistening  the  glass  with  this  liquid, 
then  floating  the  oil  on  the  surface  of  the  peppermint  water,  and  after- 
wards pouring  a  small  quantity  of  brandy  over  the  surface  of  the  oil, 
sufficient  to  cover  it.  The  selection  of  these  liquids  is  due  to  the 
difference  in  their  specific  gravity,  the  peppermint  water  being  heavier 
than  the  oil,  the  brandy  lighter.  Attempts  are  sometimes  made  to 
administer  castor-oil  in  the  form  of  capsules,  but  this  method  is  incon- 
venient, on  account  of  the  number  required,  owing  to  the  comparatively 
large  dose  of  castor-oil. 

Under  special  conditions  of  idiosyncrasy,  castor-oil  is  credited  with 
causing  slight  drowsiness,  but  ordinarily  its  action  is  simple  and  prompt, 
occurring  within  from  five  to  six  hours  of  the  administration  of  the 
appropriate  dose,  which  for  an  adult  is  usually  about  a  tablespoonful, 
and  the  sole  inconvenience  lies  in  a  tendency  to  cause  constipation  if  the 
drug  has  been  used  too  frequently,  or  in  somewhat  excessive  doses.  While 
the  other  laxatives  which  have  been  mentioned  are  used  solely  with  the 
view  of  relieving  chronic  constipation,  castor-oil,  from  the  promptness 
and  certainty  of  its  action,  may  also  be  used  whenever  it  is  desirable  to 
rapidly  empty  the  intestinal  canal.  It  is  frequently  given  with  advantage 
previous  to  the  administration  of  anaesthetics  for  surgical  operations,  or  in 
other  conditions  requiring  prompt  evacuation  of  the  bowel,  as,  for  example, 
during  labour  or  pregnancy.  When  diarrhoea  depends  apparently  upon 
the  presence  of  undigested  food  within  the  intestine,  and  when,  moreover, 
undigested  food  is  found  in  the  motions,  castor-oil  is  frequently  of  very 
great  service.  This  is  particularly  the  case  in  children,  for  whom  small 
doses,  given  at  repeated  intervals,  are  commonly  more  beneficial  than  one 
larger  purgative  dose.  In  older  children,  however,  a  single  dose  will  often 
serve  to  entirely  cure  this  condition.  Castor-oil  is  frequently  administered 
both  before  and  after  the  use  of  anthelmintics  devoid  of  purgative  pro- 
perties. When  male  fern  has  been  given,  the  liability  to  toxic  symptoms 
is  said  to  be  increased  by  the  administration  of  castor-oil,  which  appears 
to  favour  the  absorption  of  the  active  poisonous  principle  of  male  fern. 
Hence,  as  there  is  no  particular  reason  why  preference  should  be  given  to 
castor-oil,  it  is  perhaps  as  well  to  employ  other  purgatives  when  the 
desired  dose  of  male  fern  is  large. 

Although,  as  a  rule,  the  action  of  castor-oil  is  not  accompanied  by 
griping  pains,  there  are  exceptional  cases  in  which  these  are  produced, 
and  the  tendency  may  then  be  diminished  by  the  addition  of  laudanum, 
or  by  the  simultaneous  administration  of  oil  of  turpentine.  This  last 
method,  however,  is  not  devoid  of  risk,  since,  should  the  oil  fail  to  act 
on  the  intestine,  the  turpentine  is  eliminated  by  the  kidneys,  and  may 
cause  toxic  symptoms.  Castor-oil  has  occasionally  been  employed  as  an 
enema,  but  for  this  purpose  it  possesses  no  advantages  over  olive-oil. 
It  is  also  used  in  the  preparation  of  flexible  collodion,  and  occasionally  as 
a  basis  for  ointments  for  the  treatment  of  alopecia. 
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PURGATIVES. 

Many  purgatives,  notably  rhubarb,  senna,  and  cascara  sagrada,  when 
given  in  sufficiently  small  doses,  might  with  greater  propriety  be  classed 
amongst  the  laxatives,  since  it  is  possible  to  moderate  the  activity  by 
reducing  the  dose.  In  ordinary  medicinal  doses,  purgatives  cause  more 
violent  action  than  laxatives,  and  they  may  produce  some  irritation  in 
addition  to  increased  secretion.  If  the  members  of  this  group  are  em- 
ployed in  large  doses,  they  will  commonly  produce  several  liquid  motions, 
the  later  motions  consisting  mainly  of  fluid  derived  from  the  walls  of  the 
intestine.  They  differ  from  the  group  of  drastic  purgatives  in  the  com- 
parative absence  of  severe  abdominal  pain,  and  in  the  extreme  rarity 
with  which  their  action  is  followed  by  toxic  symptoms. 

Although  all  stimulate  peristalsis  and  secretion,  there  are  individual 
points  of  difference  in  the  action  of  purgatives ;  for  example,  the  purgation 
of  rhubarb  is  ordinarily  followed  by  constipation  induced  by  the  astringent 
principles,  and  accordingly  rhubarb  is  largely  used  for  the  removal  from 
the  intestine  of  causes  of  irritation  which  are  producing  diarrhoea.  Again, 
aloes  is  credited  with  the  power  of  stimulating  special  contractions  of  the 
lower  part  of  the  large  intestine,  a  fact  which  is  somewhat  difficult  to  prove 
experimentally,  but  is  evidenced  clinically  partly  by  the  length  of  time 
which  ordinarily  elapses  between  the  administration  of  the  drug  and  the 
resulting  action  of  the  bowel,  and  partly  also  by  the  tendency  to  produce 
rectal  irritation  in  patients  prone  to  haemorrhoids,  which  is  frequently 
accompanied  by  tenesmus,  and  in  severe  cases  even  by  haemorrhage ;  and 
cascara  sagrada  is  generally  employed  in  the  relief  of  chronic  constipa- 
tion occurring  in  conjunction  with  hsemorrhoids,  since  it  increases  the 
peristaltic  action  of  the  intestine  and  does  not  ordinarily  cause  rectal 
irritation. 

RHUBARB  (B.P.  and  U.S.P.). — Although  RHUBARB,  the  dried  rhizome  of 
Rheum  palmatum  and  other  species,  is  so  frequently  used,  and  its  activity  is 
undoubted,  no  active  purgative  principle  has  yet  been  isolated.  It  contains 
rheo-tannic  acid,  to  which  its  astringency  is  due,  also  calcium  oxalate  and 
either  chrysophanic  acid  or  chrysophan,  a  glucoside,  together  with  a  crystal- 
line substance,  ernodin.  Rhubarb  is  employed  somewhat  largely  for  its  in- 
fluence upon  digestion,  small  doses  of  2  or  3  grs.  causing  increased  appetite  ; 
in  larger  doses  it  chiefly  stimulates  peristalsis,  and  may  even  produce  griping. 
In  ordinary  doses  it  appears  to  have  but  little  stimulant  action  upon  the 
secretion  of  the  intestine,  although  it  is  believed  to  be  a  mild  cholagogue. 
Apart  from  its  value  in  the  treatment  of  diarrhoea  in  children,  rhubarb 
is  mainly  employed  in  forms  of  atonic  dyspepsia,  particularly  when  this  is 
associated  with  much  flatulence  and  chronic  constipation.  For  the  treat- 
ment of  constipation  it  has  the  disadvantage  of  requiring  to  be  frequently 
repeated,  and  also  of  being  somewhat  uncertain  in  its  results.  This 
uncertainty  of  action  is,  in  all  probability,  to  be  ascribed  to  differences 
in  the  composition  of  the  drug  rather  than  to  the  idiosyncrasies  of  the 
individuals  for  whom  it  is  prescribed.  Rhubarb  is  sometimes  employed 
alone  as  a  powder,  but  far  more  commonly  it  is  given  in  the  form  of  one 
of  the  pharmacopceial  preparations,  most  of  which  contain  either  carmin- 
atives, laxatives,  or  other  purgatives. 

SENNA  (B.P.  and  U.S. P.),  which  is  the  dried  leaflets  of  Cassia  acutifolia 
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and  C.  angusti/olia,  differs  from  rhubarb  in  the  absence  of  any  astringent 
powers,  but  it  is  somewhat  more  liable  to  produce  griping  and  nausea.  Its 
chief  purgative  principle  is  cathartic  acid,  and  in  addition  it  contains  two 
insoluble  glucosides,  sennacrol  and  sennapicrin.  The  action  of  senna  is 
not  particularly  prompt,  five  or  six  hours  generally  elapsing  between  the 
administration  and  the  first  action  of  the  bowel.  It  is  given  very  largely 
in  occasional  or  chronic  constipation,  and  on  account  of  the  liability  of 
this  drug  to  produce  griping  it  is  ordinarily  given  as  one  of  the  pharma- 
coposial  preparations,  all  of  which  contain  aromatics.  The  preparations 
most  commonly  administered  are  the  compound  liquorice  powder  for  adults, 
in  doses  of  from  60  to  120  grs.,  the  confection  and  the  compound  mixture 
for  children.  It  will  be  noted  that  all  of  these  three  contain  other 
laxative  or  purgative  drugs,  and  that  the  action  is  therefore  the  result  of 
their  combined  activity.  The  compound  liquorice  powder,  which  was  once 
very  largely  used,  has  to  some  extent  been  displaced  in  practice  by 
preparations  of  cascara  sagrada. 

CASCARA  SAGRADA  (B.P.),  called  KHAMNUS  PURSHIANA  (U.S.P.),  the 
dried  bark  of  the  Rhamnus  jntrshianus,  is  now  very  largely  used  in  cases 
of  chronic  constipation.  This  drug  possesses  some  tendency  to  cause 
griping  pain,  and  it  is  generally  held  that  this  tendency  is  increased  by 
the  use  of  fresh  preparations,  but  diminished  if  the  bark  is  kept  for  two 
years  before  use.  Its  action  appears  to  be  chiefly  directed  to  the  large 
intestine.  The  statements  regarding  its  influence  upon  hemorrhoids  vary, 
as  already  indicated.  It  is  frequently  used  in  preference  to  aloes  when 
hit-morrhoids  are  present,  but  occasionally  complaint  of  irritation  is  made, 
though  the  discomfort  is  rarely  as  severe  as  with  aloes. 

Cascara  sagrada  differs  from  senna  in  being  a  drug  which  is  ordinarily 
used  repeatedly,  instead  of  only  occasionally.  It  is  given  in  the  smallest 
dose  consistent  with  producing  an  action  of  the  bowel,  and  this  dose  is 
repeated  every  night,  or  every  alternate  night,  or  a  larger  dose  may  be 
reduced  steadily  until  the  bowel  can  be  trusted  to  act  efficiently  without 
assistance.  The  mode  of  employment  is  to  some  extent  a  matter  of 
individual  custom.  Some  practitioners  prefer  to  employ  repeated  small 
doses  three  times  during  the  day,  so  as  to  excite  constant  stimulation  of 
the  intestine.  More  commonly,  however,  cascara  sagrada  is  given  once  a 
day  in  rather  larger  doses.  The  action  of  this  drug  is  often  somewhat  slow, 
and  if  only  moderate  doses  have  been  taken  the  action  is  unaccompanied 
by  any  sensations  of  discomfort,  although  considerable  distress  may  be 
experienced  should  the  need  for  relief  occur  at  some  inopportune  moment. 
On  account  of  the  extremely  unpleasant,  bitter  taste,  cascara  sagrada  is 
ordinarily  given  either  as  a  pill,  a  compressed  tabloid,  or,  if  in  mixture, 
with  some  flavouring  agent  to  cover  the  taste. 

FRANGULA  (U.S.P.),  the  bark  of  Rhamnus  frangula,  is  closely  allied  to 
the  foregoing  in  its  action  and  mode  of  administration,  but  it  is  rather  more 
liable  to  cause  griping,  especially  when  not  combined  with  an  aromatic. 
This  tendency  to  produce  pain,  and  even  sickness,  is  also  attributed  to  the 
premature  employment  of  the  bark,  since  these  symptoms  are  produced  by 
specimens  recently  collected,  while  samples  which  have  been  kept  for  a 
year  or  more  cause  very  little  discomfort.  It  is  used  as  a  mild  purgative 
in  pregnancy,  in  the  constipation  of  delicate  or  aged  individuals,  and  for 
the  relief  of  those  troubled  by  hemorrhoids.  Under  the  name  of  rhamnus 
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frangula  it  was  once  official  in  the  British  Pharmacopeia ;  its  removal  is 
perhaps  due  to  the  pain  which  so  often  followed  its  employment. 

CHELIDONIUM  (U.S.P.)  is  the  entire  plant  Chelidonium  magus.  There  is 
very  little  to  be  said  in  favour  of  it  as  a  purgative,  although  at  one  time 
it  was  largely  used,  especially  for  intestinal  irregularity  associated  with 
jaundice.  It  still  has  a  certain  reputation  as  a  local  domestic  remedy 
for  the  cure  of  warts,  and  it  has  also  been  employed  for  the  relief  of 
opacities  of  the  cornea. 

EUONYMIN  BAEK  (B.P.  and  U.S.P.)  is  the  dried  root-bark  of  Euonymus 
atropurpureus.  Although  the  dried  extract,  official  in  both  pharmacopoeias, 
and  commonly  known  as  euonymin,  possesses  undoubted  purgative  pro- 
perties, it  is  rarely  employed  in  a  sufficiently  large  dose  to  act  as  a  purgative, 
and  its  action  is  so  far  uncertain  that  its  administration  is  almost  invariably 
followed  by  a  mercurial  pill,  or  a  brisk  effervescing  saline  draught.  The 
dried  extract  consists  largely  of  a  resinous  substance,  euonymin.  This, 
when  given  in  small  doses  of  about  a  grain,  stimulates  the  diges- 
tive functions,  and  during  its  administration  appetite  may  improve. 
In  moderate  doses  it  increases  the  formation  of  bile,  being  one  of 
the  few  substances  possessed  of  distinct  and  undoubted  action  in  this 
respect,  while  in  still  larger  doses  not  only  is  this  action  continued,  but 
sufficient  irritation  and  stimulation  of  the  intestine  is  produced  to  effect 
purgative  action.  This  action  is,  however,  liable  to  be  associated  with 
much  intestinal  irritation,  and  accordingly,  although  the  drug  is  com- 
paratively largely  used  in  the  treatment  of  constipation,  marked  by  the 
passage  of  pale  motions,  and  associated  with  headache,  dyspepsia,  and 
other  indications  of  defective  formation  of  bile,  the  dose  administered  is 
adjusted  to  produce  hepatic  stimulation  rather  than  intestinal  action, 
and  the  discomforts  liable  to  follow  from  the  retention  of  euonymin 
within  the  system  are  overcome  by  the  subsequent  administration  of 
some  other  more  brisk  purgative.  Therefore,  although  possessing  purgative 
properties,  it  is  much  more  used  as  a  powerful  cholagogue,  and  hence  will 
be  considered  in  greater  detail  under  that  heading. 

IRIS  (U.S.P.),  the  root  of  Iris  versicolor,  and  JUGLANS  (U.S.P.),  the  bark 
of  the  root  of  Juylans  cinerea,  have  certain  properties  in  common  with 
euonymus.  They  both  cause  intestinal  stimulation,  and  they  both  act  as 
hepatic  stimulants,  iris  being  the  more  powerful.  The  activity  of  iris 
appears  to  be  impaired  by  age,  but  fresh  specimens  have  been  employed 
with  advantage  in  dropsy,  since  they  produce  diuresis  as  well  as  purgation. 
Iris  and  iridin  are  also  of  service  in  malarial  jaundice,  and  in  mild  forms 
of  constipation  due  to  duodenal  catarrh  and  catarrh  of  the  bile  ducts. 
Although  employed  for  the  same  purposes,  juglans  is  more  commonly  used 
for  chronic  constipation;  a  powdered  extractive,  juglandin,  is  given  as 
a  pill,  and,  being  free  from  tannin  and  being  mild  in  action,  it  can,  if 
desired,  be  given  for  a  length  of  time. 

LEPTANDRA  (U.S.P.),  the  rhizome  and  roots  of  Veronica  virginica,  is  a 
mild  purgative  which  is  credited  with  the  power  of  increasing  the  excretion 
of  bile  without  any  violence  of  action,  unless  the  recent  root  is  employed. 
It  is  somewhat  unfortunate  that  the  name  leptandrin  has  been  applied 
to  a  preparation  of  the  resin  and  also  to  a  crystallisable  principle.  The 
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former,  which  is  often  given  with  podophyllin,  has  been  administered  in 
chronic  dyspepsia  and  in  mild  constipation,  especially  when  the  motions 
are  light  in  colour. 

ALOES  (B.P.  and  U.S.P.),  which  is  the  dried  juice  from  the  cut  leaves 
of  various  species  of  Aloe,  and  ALOIN  (B.P.  and  U.S.P.),  a  crystalline 
principle  extracted  from  aloes,  are  perhaps  the  remedies  most  commonly 
trusted  in  the  treatment  of  obstinate  constipation.  Aloes  enters  into  a  large 
number  of  the  pharmacopoeial  vegetable  purgative  pills,  and  it  is  also  held 
to  be  the  principal  ingredient  of  very  many  of  the  patent  pills  which  are 
so  largely  advertised.  It  is  needless  to  enter  here  into  a  discussion  of  the 
relative  merits  of  Barbadoes  or  Socotrine  aloes,  since,  although  it  has  been 
stated  that  the  former  is  more  purgative  than  the  latter,  there  is  some 
evidence  to  show  that  very  little  Socotrine  aloes  has  recently  reached  this 
country,  although  other  substances  have  been  sold  under  this  name. 

Like  other  substances  possessed  of  a  strong  bitter  taste,  aloes,  in  small 
doses,  stimulates  the  stomach,  promotes  appetite,  and  increases  the  flow  of 
gastric  juice.  Its  main  action  is,  however,  shown  in  the  stimulation  of 
the  large  intestine,  more  particularly  of  the  rectum ;  and  the  result  of 
this  is  mainly  in  contraction,  though,  to  a  less  extent,  it  produces  increased 
secretion.  Aloes  requires  from  twelve  to  fifteen  hours  or  more  before  it 
acts.  It  is  accordingly  administered,  as  a  rule,  after  the  evening  meal,  so 
as  to  secure  an  action  in  the  early  morning. 

As  aloes  appears  to  produce  some  increased  secretion  of  bile,  as 
indicated  by  the  passage  of  dark  motions,  its  action  to  some  extent 
depends  upon  the  presence  of  bile  in  the  intestine.  In  cases  of  obstructive 
jaundice,  therefore,  the  action  of  aloes  is  extremely  uncertain,  and  it  may 
indeed  cause  much  discomfort  without  producing  any  purgative  results. 
The  drug  thus  is  of  little  service  in  the  treatment  of  constipation 
associated  with  obstructive  jaundice,  such  as  occurs  in  connection  with 
biliary  calculi,  or  with  malignant  disease  of  the  liver  pressing  upon  the 
common  bile  duct.  It  has,  however,  been  pointed  out  that  even  under 
these  conditions  aloes  may  still  be  depended  upon  to  produce  purgative 
action,  if  administered  with  purified  ox  bile  (FEL  BOVINUM  PURIFICATUM, 
B.P.  and  U.S.P).  In  the  use  of  ox  bile,  however,  it  is  well  to  remember 
that,  although  of  some  service  in  this  way,  and  although  theoretically  of 
value  in  replacing  deficient  biliary  secretion,  it  has  the  great  disadvantage 
of  disturbing  the  gastric  digestion,  which,  in  cases  of  obstructive  jaundice,  is 
already,  as  a  rule,  considerably  impaired.  Ox  bile  has  to  a  large  extent 
ceased  to  be  much  employed,  and  even  as  an  adjunct  to  the  use  of  aloes 
it  is  scarcely  to  be  recommended,  since  other  purgative  remedies  may  be 
trusted  to  act  without  requiring  the  addition  of  an  agent  which  may  do 
harm.  Hale  White  has,  however,  shown  that  ox  bile  may  be  found  useful 
when  employed  as  an  enema  in  cases  of  faecal  impaction  in  which  there 
is  not  room  for  a  bulky  enema. 

Reverting  to  the  use  of  aloes  as  a  purgative  of  considerable  value 
in  chronic  constipation,  it  is  necessary  to  point  out  that,  although  in 
small  doses  it  possesses  laxative  properties,  while  in  large  doses  it  is 
a  distinct  purgative,  yet  in  both  ways  it  is  liable  to  produce  much 
griping  pain,  and  it  is  on  this  account  that  aloes  is  so  very  rarely 
employed  alone,  its  action  requiring  to  be  controlled  and  assisted  by 
admixture  with  carminatives  or  other  remedies  calculated  to  promote 
greater  regularity  of  peristaltic  contraction.  In  the  treatment  of  mild 
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constipation  of  long  standing  it  is  frequently  combined  with  preparations 
of  belladonna,  of  hyoscyamus,  or  of  mix  vomica,  while  under  special 
conditions  it  may  also  be  employed  in  conjunction  with  iron,  asafcctida,  or 
myrrh.  Aloes  has  the  advantage  of  not  producing  subsequent  constipa- 
tion if  employed  in  moderate  doses,  and,  further,  of  seldom  requiring  an 
increase  in  the  dose.  A  mistake  that  is  frequently  made  in  connection 
with  this  drug  lies  in  the  employment  of  an  excessive  quantity,  which  not 
only  causes  discomfort  during  its  action,  but  promotes  subsequent  con- 
stipation, which  frequently  leads  to  the  further  employment  of  a  still 
larger  dose.  It  is  often  urged  against  aloes  that  its  constant  use  favours 
the  production  of  haemorrhoids,  and  warnings  are  frequently  given  against 
its  employment  when  hiemorrhoids  are  already  present  and  in  a  state  of 
irritation.  It  appears,  however,  that  this  objection  does  not  apply  to  the 
use  of  the  drug  in  moderate  doses  of  1  to  2  grs.,  since,  in  relieving  chronic 
constipation,  it  tends  to  relieve  the  conditions  which  favour  h«-morrhoidal 
swellings.  The  tendency  of  aloes  to  increase  the  fulness  of  the  vessels 
of  the  pelvic  organs  has  led  to  its  employment  in  cases  of  amenorrhrea, 
for  which  it-  is  frequently  given  in  conjunction  with  iron,  asafcetida,  or 
myrrh.  It  appears  possible,  however,  that  in  the  relief  of  this  condition 
aloes  may  act  mainly  by  relieving  the  constipation  from  which  these 
patients  so  frequently  suffer.  For  similar  reasons  warnings  are  frequently 
given  against  the  employment  of  aloes  in  cases  of  pregnancy,  since  it  is 
held  that  it  may  favour  fulness  of  the  uterine  vessels,  which  will  lead  to 
abortion ;  yet  it  may  be  doubted  whether  the  action  in  this  respect 
differs  from  the  dangers  associated  with  the  employment  of  any  other 
brisk  purgative.  Ordinary  doses  of  aloes  appear  to  have  no  direct 
influence  on  the  pregnant  uterus,  although  there  may  be  danger  in  the 
employment  of  very  large  doses. 

In  the  use  of  aloes  it  is  well  to  remember  that  to  some  extent  the 
purgative  principle  is  eliminated  with  the  mammary  secretion ;  hence  it 
must  be  employed  with  caution  in  nursing-women,  since  it  may  promote 
considerable  diarrhosa  in  the  infant.  Further,  it  may  be  remarked  that 
the  purgative  principle  may  be  absorbed  from  ulcerated  surfaces:  this 
effect,  however,  only  possesses  pharmacological  interest.  The  administration 
of  aloes  as  an  enema  will  undoubtedly  effect  the  evacuation  of  the  rectum, 
but  this  mode  of  employment  is  now  rarely  resorted  to,  since  more  satis- 
factory results  follow  the  internal  administration. 

Owing  to  the  nauseating  and  persistent  taste  of  aloes,  it  is  as  a  rule 
administered  as  a  pill. 

DRASTIC  PURGATIVES. 

Turning  next  to  the  group  of  drastic  purgatives,  it  will  be  noted  that, 
with  the  exception  of  colocynth  and  podophyllin,  these  are  rarely  em- 
ployed for  the  simple  relief  of  constipation.  The  members  of  this  group 
cause  violent  stimulation  of  the  intestine,  which  is  accompanied  ordinarily 
by  severe  griping  pain,  and  followed  by  the  passage  of  several  liquid 
motions.  If  employed  incautiously,  the  drastic  purgatives  may  produce 
sufficient  irritation  to  induce  toxic  symptoms,  marked  mainly  by  a  trouble- 
some form  of  enteritis.  Some  of  the  drastics  are  used  with  the  view  of 
rapidly  lowering  the  blood  pressure,  as,  for  example,  in  cases  of  cerebral 
congestion  or  cerebral  haemorrhage,  when  it  is  assumed  that  a  rapid  fall  of 
blood  pressure  will  diminish  the  risks  of  effusion.  Others  are  employed,  as 
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already  indicated,  to  effect  a  rapid  drainage  of  fluid  from  the  intestinal 
vessels  in  cases  of  dropsy,  while  some  few  are  employed  as  vermifuges, 
which  may  be  administered  alone  or  after  the  previous  employment  of 
some  of  the  other  anthelmintic  remedies. 

SCAMMONY  ROOT  (B.P.  and  U.S.P.),  the  root  of  Convolvulus  scammonius, 
contains  a  gum  resin  and  a  resin,  which  are  both  used  on  account  of  their 
rapidity  of  action.  Both  appear  to  require  the  presence  of  bile  in  the 
intestine.  The  resin  is  more  given  than  the  gum  resin,  since  its  activity  is 
more  constant.  Both,  however,  possess  violent  properties  which  require 
combination  with  some  carminative,  or  some  less  active  purgative.  They 
have  been  employed  for  tape-worm  in  children — a  mode  of  treatment, 
however,  which  is  unnecessarily  severe.  Their  use  is  better  limited  to 
the  treatment  of  dropsical  effusions  and  of  cerebral  affections.  For  the 
former  the  compound  jalap  powder,  which  contains  acid  potassium  tar- 
trate,  is  more  generally  employed ;  but,  when  this  fails  to  act,  scammony, 
which  is  more  drastic  than  jalap,  may  be  substituted,  or  the  compound 
scammony  powder,  which  contains  both  scammony,  resin,  and  jalap, 
together  with  ginger,  may  be  used,  although  this  powder  is  more  frequently 
employed  as  a  vermifuge. 

JALAP  (B.P.  and  U.S.P.),  which  is  the  dried  tubercles  of  Ipomcea  purga, 
acts  as  a  local  irritant  to  any  mucous  surface.  Its  inhalation  will  cause 
sneezing  and  coughing,  and  when  swallowed  it  may  produce  some  irritation 
and  nausea.  It  has  been  stated  to  be  absorbed  by  the  skin  of  animals,  and 
to  cause  purgation,  but  when  injected  subcutaneously,  or  into  the  veins,  it 
does  not  possess  any  purgative  properties.  Like  the  preceding  drug,  it 
appears  to  require  the  presence  of  bile  in  the  intestine.  The  purgation 
which  results  from  jalap  is  commonly  produced  within  from  two  to  four 
hours,  and  is  accompanied  by  much  griping  pain,  by  the  passage  of  profuse 
watery  motions,  and  by  an  increase  in  the  intestinal  secretion.  In  over- 
doses this  drug  will  cause  violent  gastro-enteritis. 

Comparing  its  action  with  that  of  scammony,  it  is  somewhat  less 
powerful,  and  produces  rather  less  pain,  while  it  promotes  greater 
intestinal  secretion ;  it  is  therefore  far  more  largely  used  when  it  is 
desired  to  produce  abundant  watery  evacuations,  as,  for  example,  in  the 
treatment  of  dropsical  affections.  It  has  been  credited  by  some  observers 
with  diuretic  properties,  while  others  attribute  the  diuresis,  which  is 
frequently  observed  after  the  administration  of  compound  jalap  powder 
in  renal  dropsy,  in  part  to  the  action  of  the  acid  potassium  tartrate,  and 
in  part  to  the  relief  of  the  engorgement  of  renal  vessels  following  upon  the 
drain  of  fluid  from  the  intestinal  vessels.  For  renal  dropsy,  and  to  avert  the 
dangers  of  uraemia,  the  compound  jalap  powder  is  very  largely  employed, 
and  its  action  is  ordinarily  aided  or  supplemented  by  the  frequent  use 
of  vapour  baths  or  other  modes  of  stimulating  free  diuresis.  The  result  is 
often  very  beneficial,  since  not  only  is  the  dropsical  effusion  rapidly  re- 
absorbed,  but  the  benefit  is  further  marked  by  the  re-establishment  of 
arrested  renal  functions. 

The  use  of  the  compound  jalap  powder  may  sometimes  be  continued  for 
days  or  even  weeks,  when  persistent,  headache  accompanies  diminished 
renal  secretion ;  but  it  is  well  to  guard  against  the  too  liberal  employment 
of  this  drug,  since  it  may  establish  a  form  of  gastro-enteritis;  and,  further, 
the  prolonged  employment  of  the  drastic  purgative  may  favour  cardiac 
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weakness.     Apart  from  its  action  in  connection  with  dropsy,  and  with 
various  forms  of  cerebral  congestion,  jalap  is  but  little  used. 

CROTON  OIL  (B.P.  and  U.S.?.),  the  fixed  oil  from  the  seeds  of  Croton  tig- 
Hum,  differs  from  the  foregoing  remedies  in  baving  a  powerful  local  action, 
while  the  smallness  of  the  dose  is  at  once  a  convenience  and  a  danger.  When 
rubbed  upon  the  skin,  croton  oil  will  produce  pustulation  and  moderate 
irritation,  and  it  has  therefore  been  employed  in  the  treatment  of  many 
pulmonary  affections ;  as,  for  example,  in  phthisis,  bronchitis,  pleurisy,  and 
pneumonia.  It  has  also  been  used  as  a  counter-irritant  in  various  cerebral 
affections,  as,  for  example,  in  tuberculous  meningitis  or  other  forms  of  in- 
flammation of  the  brain  and  its  membranes,  and  also  in  the  treatment  of 
inflammation  of  joints,  or  in  painful  affections  following  the  course  of 
nerves,  as  in  sciatica.  Although  there  is  an  official  liniment,  croton  oil  is 
not  now  much  used  externally  as  a  counter-irritant,  its  value  depending 
upon  the  rapidity  of  its  action  as  a  drastic  purgative  when  administered 
in  doses  of  from  ^  to  1  minim.  The  smallness  of  the  dose  enables  this  to 
be  given  to  patients  who  are  unconscious  or  maniacal,  when  it  is  desired 
to  cause  rapid  evacuations  of  the  intestine ;  as,  for  example,  in  cerebral 
haemorrhage,  uraemia,  or  puerperal  convulsions.  Notwithstanding  its 
powerful  drastic  effects,  this  remedy  is  not  suitable  for  the  treatment  of 
dropsy,  or  of  other  conditions  in  which  frequency  of  administration  may 
be  desired,  since  the  action  may  be  followed  by  considerable  irritation. 

COLOCYNTH  (B.P.  and  U.S.P.),  the  dried  pulp  of  Citrullus  colocynthis,  is 
more  commonly  employed  than  any  of  the  other  drastics,  and  although  it 
merits  a  place  in  the  group  of  drastic  purgatives  its  mode  of  employment 
is  almost  comparable  to  that  of  simple  purgatives.  The  active  principle, 
colocynthin,  is  in  all  probability  a  glucoside,  and  it  is  present  in  the  pulp 
in  amounts  that  vary  from  0'25  to  14  per  cent.  Other  substances,  such  as 
resin,  gum,  oil,  and  extractives,  are  also  present,  but  do  not  appear  to  possess 
any  active  properties.  The  physiological  action  of  colocynth  to  a  great  extent 
depends  upon  the  dose  and  upon  the  mode  of  administration;  in  small 
doses  its  peculiar,  persistent,  bitter  taste  might  cause  it  to  increase  appetite 
and  digestion,  though  it  is  needless  to  say  that  it  is  never  employed  with 
this  object.  In  larger  doses  its  action  is  confined  to  its  influence  on  the 
intestine,  and  it  leads  to  violent  griping  pain,  together  with  the  drastic 
purgative  action.  The  amount  of  pain  is  not  entirely  dependent  upon  the 
dose.  Even  small  doses  may  cause  great  discomfort,  if  the  drug  is  not 
given  in  combination  with  other  remedies.  On  the  other  hand,  the  extent 
of  the  purgative  action  is  less  dependent  upon  admixture  with  other  drugs. 
Small  doses  may  purge,  while  large  doses  may  produce  haemorrhage  and 
other  indications  of  enteritis.  Toxic  symptoms  are  not  uncommon  from 
the  use  of  colocynth,  since  this  drug  is  often  used  somewhat  recklessly, 
with  the  view  of  inducing  abortion. 

Colocynthin,  the  active  principle,  will  cause  purgation  when  ad- 
ministered hypodermically,  or  when  injected  directly  into  the  circulation  ; 
hence  its  action  on  the  intestine  is  not  solely  due  to  direct  irritation  of  the 
mucous  membrane.  Similarly,  the  non-official  tincture  of  colocynth,  which 
is  employed  occasionally  in  mixtures,  is  credited  with  the  power  of  induc- 
ing purging  when  even  rubbed  upon  the  abdomen. 

According  to  Eutherford's  observations,  colocynth  in  large  doses  is  a 
powerful  hepatic  as  well  as  an  intestinal  stimulant;  it  renders  the  bile 
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more  watery  but  increases  the  secretion  of  biliary  matter.  It  is  frequently 
asserted  that  colocynth  will  act  as  a  diuretic  even  in  the  condition  of 
health,  its  action  therefore  forming  a  marked  contrast  to  the  diuretic 
results  which  so  often  follow  the  use  of  jalap  and  of  scammony  in  cases  of 
ascites  or  renal  dropsy,  while  these  drugs  do  not  produce  any  diuretic 
influence  on  healthy  individuals.  Notwithstanding  the  diuretic  action 
of  colocynth,  this  drug  is  not  one  which  lends  itself  to  frequent  adminis- 
tration. Its  action  is  prompt,  and  so  far  satisfactory,  but  since  it 
is  frequently  accompanied  by  much  discomfort,  colocynth  cannot  be 
administered  daily,  or  for  any  length  of  time.  The  violence  of  its  action 
can  to  some  degree  be  moderated  by  its  administration  with  aromatic 
substances,  or  with  intestinal  sedatives,  such  as  belladonna  or  hyoscyamus ; 
and  practically  colocynth  is  never  employed  except  in  such  combination, 
nor  indeed  is  it  used  to  any  extent  except  as  a  pill.  The  advantages  of 
colocynth,  as  a  fairly  brisk  purgative  which  can  be  relied  upon,  are  almost 
limited  to  the  relief  of  occasional  constipation,  while,  for  the  reasons 
already  given,  it  is  inconvenient  to  attempt  to  employ  it  in  chronic  con- 
stipation or  in  dropsical  conditions.  It  is  perhaps  of  greatest  use  in 
those  attacks  which  appear  to  depend  upon  deficient  action  of  the  liver. 
A  pill  containing  colocynth  and  calomel  is  to  be  found  in  most  hospital 
pharmacopoeias,  and  this  is  largely  used  in  the  treatment  of  functional 
derangements  of  the  liver,  associated  with  constipation,  dependent  upon 
acute  alcoholic  bouts. 

ELATEEIUM  (B.P.),  the  sediment  of  the  juice  of  Ecballium  elaterium, 
and  ELATERINUM  (B.P.  and  U.S.P.),  commonly  called  elaterin,  its  active 
principle,  have,  to  a  very  great  extent,  the  same  action,  the  differences 
being  due  to  the  uncertainty  of  the  composition  of  the  former.  It  is, 
indeed,  much  to  be  regretted  that  elaterium  is  still  official,  since  its  activity 
is  entirely  dependent  upon  the  elaterin  it  contains ;  and  the  proportion  of 
elaterin,  although  fixed  by  the  British  Pharmacopoeia  at  25  per  cent.,  or  at 
least  at  not  less  than  20  per  cent.,  frequently  falls  far  below  these  figures, 
while  occasionally  it  may  be  found  greatly  in  excess,  rising  even  to  as  much 
as  40  per  cent.  The  physiological  actions,  apart  from  those  exerted  upon 
the  intestine,  are  not  of  very  great  importance.  When  externally  applied, 
it  is  said  not  only  to  be  absorbed,  but  to  be  capable  of  producing  laxative 
action,  and  in  small  doses  given  by  the  mouth  it  promotes  secretion  of  saliva 
and  increased  appetite.  Larger  doses,  however,  possess  violent  purgative 
properties,  and  the  effects  are  characterised,  not  only  by  the  frequency  of 
action,  but  also  by  the  amount  of  liquid  passed.  Elaterium,  in  fact,  affords  a 
very  good  example  of  a  hydragogue  purgative.  This  copious  drain  of  fluid, 
although  from  some  points  of  view  it  may  be  desirable,  is  accompanied 
ordinarily  by  considerable  prostration  and  exhaustion ;  hence  the  employ- 
ment of  this  remedy,  even  in  medicinal  doses,  is  not  devoid  of  risk,  if  the 
patient  is  already  much  weakened  by  previous  disease  or  by  age.  Further, 
the  drug  is  distinctly  contra-indicated  in  any  disease  marked  by  inflam- 
matory changes  in  the  course  of  the  digestive  tract,  since  these  would  be 
increased  by  it.  With  these  reservations,  however,  elaterium  is  an 
extremely  valuable  drug,  often  administered  for  the  relief  of  dropsical  or 
ascitic  accumulations ;  and  there  is  little  doubt  that  the  disfavour  which 
attaches  to  elaterium  is  attributable  far  more  to  the  uncertainty  of  com- 
position than  to  the  weakness  or  other  discomforts  resulting  from  its  use. 

It  is  remarkable,  in  view  of  the  powerful  effect  of  elaterium,  that  in 
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moderate  doses  it  ordinarily  produces  but  little  pain  as  compared  with 
colocynth  or  scaminony.  On  the  other  hand,  if  given  in  over-doses,  in 
addition  to  exhaustion  it  may  cause  the  ordinary  symptoms  of  gastro- 
enteritis. When  injected  subcutaneously,  elaterium  will  cause  purging, 
but  it  is  never  administered  thus,  since  it  promotes  considerable  local 
irritation.  From  what  has  been  said  of  the  comparative  absence  of 
pain  with  moderate  doses  of  elaterium,  or  of  elaterin,  it  will  be  seen 
that  it  can  frequently  be  given  without  any  carminative.  The  Pulvis 
Elaterini  Compositus  (B.P.),  1  in  40,  and  the  Trituratio  Elaterini  (U.S.P.), 
1  in  10,  contain  only  elaterin  and  milk  sugar.  Elaterium,  however,  is 
sometimes  given  with  hyoscyamus  or  with  belladonna,  to  prevent  per- 
sistent diarrhoea ;  and  if  the  drug  is  used  in  cases  of  heart  disease  its 
administration  should,  as  a  rule,  be  followed  by  some  stimulant  to 
counteract  any  depressant  action.  Elaterium  is  employed  almost  solely 
when  it  is  desired  to  effect  a  considerable  drain  of  liquid  from  the  vessels 
of  the  intestine,  and  it  is  therefore  not  employed  in  cases  of  occasional  or 
of  habitual  constipation.  . 

It  is  to  be  regretted  that  the  two  names  elaterium  and  elaterin  re- 
semble each  other  so  closely,  since  there  would  obviously  be  considerable 
risk  if  elaterium  were  intended  to  be  used  and  elaterin  were  dispensed  ;  and 
it  would  be  an  advantage  if  elaterium  could  be  displaced  from  medicine, 
leaving  the  more  active  elaterin  to  be  employed  with  greater  safety  and 
with 'certainty.  Elaterium  is  a  drug  that  has  been  frequently  adulterated, 
but,  independently  of  intentional  adulteration,  its  composition,  as  I  have 
previously  remarked,  is  extremely  variable.  Since  the  composition  is 
so  uncertain  it  is  always  well  to  commence  with  a  small  dose,  and  to 
increase  the  amount  given  in  accordance  with  the  needs  of  the  patient  and 
with  the  ascertained  activity  of  the  drug. 

GAMBOGE  (B.P.  and  U.S.P.),  the  well-known  gum  resin  from  Garcinia 
hanburii,  possesses  extremely  active  properties,  in  some  respects  similar  to 
those  of  elaterium,  but  having  the  disadvantage  of  causing  much  griping  pain , 
and  also  occasionally  of  causing  sickness.  It  chiefly  stimulates  the  in- 
testinal glands,  and  it  appears  to  possess  no  action  on  the  muscle  of  the 
intestine ;  it  is  employed  rather  as  an  adjunct  to  other  purgatives  than  for 
separate  use.  From  the  physiological  standpoint  it  should  be  of  con- 
siderable service  in  the  treatment  of  dropsy,  but  the  discomforts  which 
ensue  are  so  great  that  the  drug  has  almost  entirely  fallen  into  disuse. 
The  British  Pharmacopoeia  still  contains  a  pill  containing  gamboge  in 
addition  to  aloes,  but  this  also  is  very  rarely  employed  in  England. 
In  America  it  is  used  somewhat  more  commonly  for  the  relief  of 
flatulence,  and  it  forms  one  of  the'  ingredients  of  the  compound 
cathartic  pill  of  the  United  States  Pharmacopoeia,  which  is  commonly 
administered  for  the  relief  of  engorgement  of  the  portal  circulation. 
On  account  of  the  pain  and  sickness  which  so  often  result  from  its 
employment,  this  drug  should  not  be  given  to  debilitated  individuals,  nor 
should  it  be  used  when  there  are  any  indications  of  inflammatory  action 
connected  with  the  abdominal  or  pelvic  organs. 

PODOPHYLLUM  (B.P.  and  U.S.P.)  is  the  rhizome  and  roots  of  Podopliyllum 
peltatum  which  owes  its  activity  to  the  Resina  Podophylli  (B.P.  and  U.S.P). 
The  physiological  action  of  podophyllum  is  exerted  almost  entirely  upon  the 
alimentary  canal,  but  to  soine  extent  it  increases  the  flow  of  bile.  It  excites 
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increased  secretion  of  the  intestine,  and  in  over-doses  it  may  give  rise  to 
vomiting.  The  purgative  action  which  results  from  large  doses  is  generally 
associated  with  considerable  pain ;  hence  it  has  been  recommended  that  pur- 
gative doses  should  not  be  employed,  and  in  fact  that  when  laxative  action  is 
desired  this  should  be  obtained  by  means  of  other  remedies,  while  the  resin 
called  podophyllin  should  be  taken  with  the  object  of  increasing  the  hepatic 
secretion.  The  action  of  podophyllin  is  not  directly  dependent  upon 
irritation  of  the  intestine,  since  purgative  action  may  follow  either  the 
application  of  the  resin  to  ulcerated  surfaces  or  its  hypodermic  injection. 
Podophyllum  has  a  considerable  reputation  amongst  the  laity,  and  indeed 
it  may  be  doubted  whether  this  drug  is  not  more  employed  by  the  general 
public  than  by  the  medical  profession.  Starting  from  the  assumption  of 
the  dependence  of  many  ill-defined  symptoms  upon  functional  disturbance 
of  the  liver,  many  individuals  are  in  the  habit  of  taking  small  doses  of 
the  resin,  or  of  the  tincture,  at  fairly  regular  intervals.  Generally,  when 
so  employed,  the  action  is  assisted  by  the  subsequent  administration  of 
some  other  purgative,  preference  being  sometimes  given  to  effervescent 
saline  purgatives,  sometimes  to  calomel,  or  to  some  other  mercurial. 

BRYONIA  (U.S.P.)  is  the  root  of  Bryonia  alba  and  B.  dioica.  It  and  its 
tincture  are  official  in  the  United  States,  where  they  are  given  in  the 
treatment  of  very  diverse  diseases.  In  large  doses  they  cause  diuresis 
and  copious  watery  evacuations,  and  are  hence  employed  for  the  relief  of 
dropsy  ;  smaller  doses,  however,  are  more  commonly  given  either  to  favour 
the  removal  of  fluid  in  pleurisy,  or  to  allay  pain  and  reduce  the  frequency 
of  cough  in  other  pulmonary  affections.  Bryonia  is  also  credited  with 
styptic  properties,  and  has  accordingly  been  used  in  ha?moptysis,  in 
metrorrhagia,  and  a  variety  of  other  conditions,  but  probably  without 
benefit. 

NESTOR  TIRARD. 


VEGETABLE  BITTERS. 

BITTER  ORANGE  PEEL,  CALUMBA,  CASCARILLA,  CHIRATA,  CIMICIFUGA, 
CUSPARIA,  GENTIAN,  QUASSIA,  SERPENTARY,  TARAXACUM,  CALAMUS. 

Pharmacology. — The  quality  of  bitterness  is  widely  spread  through- 
out the  vegetable  kingdom,  and  it  is  associated  with  such  heterogeneous 
compounds  that  it  is  impossible  to  discern  any  correlation  between  the 
sensation  of  bitterness  and  the  chemical  constitution  of  the  bodies  which 
cause  the  bitter  taste.  It  is  needful,  however,  to  distinguish  between  two 
classes.  For  we  have,  on  the  one  hand,  many  drugs  which,  while  possess- 
ing a  pronounced  bitter  taste,  yet  have  other  and  more  important  actions 
which  overshadow  the  bitterness,  e.g.,  action  upon  the  nervous  system 
(strychnine,  morphine,  quinine,  santonin),  or  upon  the  intestines  (aloes, 
colocynth) ;  and,  on  the  other  hand,  we  have  drugs  of  weak  physiological 
action  whose  bitterness  is  their  distinctive  quality,  and  whose  therapeutic 
uses  are  linked  with  this  property.  It  is  with  this  latter  group  alone  that 
we  are  at  present  concerned.1  Bitters,  in  this  sense,  are  a  particular  class 

1  The  reader  maybe  reminded  that  by  the  term  "  bitter  waters  "  of  German  text-books 
is  meant  those  mineral  waters  which  are  rich  in  sulphates  of  sodium  and  magnesium 
("bitter  salts"),  and  hence  act  as  saline  aperients,  e.g.,  Piillna,  Friedrichshall,  Kissingen,  etc. 
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of  the  larger  group  of  stomachics,  i.e.,  remedies  which  aid  or  abet  the 
gastric  digestive  functions. 

It  will  be  more  convenient,  and  will  save  repetition,  to  first  give  a 
general  sketch  of  the  action  and  uses  of  bitters,  and  then,  under  the 
individual  drugs,  any  points  of  practical  importance  will  be  alluded 
to. 

The  stomach  is  subjected  physiologically  and  therapeutically  to  local 
stimuli  of  various  kinds.  These  stimuli  may,  from  a  practical  point  of 
view,  be  divided  broadly  into  three  groups,  namely,  weak,  medium,  and 
strong  stimuli.  The  vegetable  bitters  represent  weak,  volatile  oils  medium, 
and  emetics  strong  stimuli.  Furthermore,  the  action  of  drugs  upon  the 
stomach  is  addressed  to  its  functions,  either — (a)  Sensory,  (6)  secretory, 
(c)  motor.  In  order  to  rightly  understand  the  action  of  bitters,  and  the 
rational  treatment  of  dyspepsia,  we  should  discriminate  between  the  sen- 
sations of  hunger  and  appetite.  Pure  hunger  is  observed  in  young  infants 
during  the  early  months  of  life,  and  it  may  be  defined  as  the  instinct  for 
food  which  is  taken  without  intelligence  and  without  discernment  of  flavour. 
As  the  child  grows  older  its  brain  becomes  active,  the  education  of  its 
special  senses  develops,  and  it  begins  to  show  likes  and  dislikes  for  particular 
sorts  of  food.  These  impressions  are  conveyed  by  the  nerves  of  taste  and 
smell,  so  we  may  regard  appetite  as  a  mixed  sensation  determined  by  three 
factors,  namely,  hunger,  smell,  and  taste.  In  a  condition  of  health  these 
three  factors  co-operate  simultaneously. 

In  dyspeptic  subjects  dissociation  of  these  sensations  is  liable  to  occur, 
and  so  various  functional  disorders  arise.  In  not  a  few  cases  so  soon 
as  a  little  food,  taken  with  pleasure  and  welcomed  by  the  nerves  of  taste 
and  smell,  is  introduced  into  the  stomach,  hunger  is  appeased,  and  the 
patient  will  not,  or  dare  not,  eat  more  for  fear  lest  he  pay  the  penalty  of 
nausea.1  Now  it  is  just  in  this  class  of  cases  that  the  therapeutic  action 
of  bitters  finds  its  most  appropriate  sphere.  Let  us  suppose  the  sensory 
mechanism  of  the  stomach  is  in  a  depressed  or  torpid  state.  A  bitter  is 
administered  shortly  before  food  is  to  be  taken.  The  drug  exerts  a  slight 
stimulant  action  upon  the  stomach,  an  increased  afflux  of  blood  is  caused, 
and  a  nervous  impression  is  evoked  which,  as  it  were,  simulates  hunger, 
and  thus  the  patient  is  more  inclined  to  accept  the  food  set  before  him. 
The  presence  of  volatile  oil  in  the  drug  materially  adds  to  the  stimulant 
effect.  Hence  it  is  not  unusual  to  subdivide  the  group  of  bitters  into — 
(a)  Simple,  or  pure  bitters,  e.g.,  calumba,  quassia ;  (b)  aromatic  bitters,  e.g., 
cascarilla,  orange. 

We  will  now  briefly  state  in  detail  the  action  of  bitters. 

External. — The  pure  bitters  possess  slight  but  unimportant  antiseptic 
and  disinfectant  qualities,  which  are  better  marked  in  the  aromatic 
bitters. 

Internal. — Mouth. — Bitters  moderately  stimulate  the  gustatory  and 
sensory  nerves,  and  tend  to  excite  salivation. 

Stomach. — The  gastric  nerves  are  stimulated  and  a  sensation  is  produced 
which  imitates  that  of  hunger,  and  so  the  patient  is  tempted  to  take  food. 
Moreover,  the  secretion  of  gastric  juice  is  favoured  by  increased  afflux  of 
blood,  and  is  aided  by  the  arrival  in  the  stomach  of  an  increased  amount 
of  the  alkaline  saliva.  The  intrinsic  muscular  activity  of  the  stomach  is 
quickened  by  the  volatile  oil  present  in  the  aromatic  bitters,  which  there- 
fore act  as  carminatives,  and  flatulence  is  relieved.  Bitters  do  not  directly 

1  Cf.  Abstract  of  M.  Leven's  investigations  (Brit.  Med.  Journ.,  London,  1892,  vol.  i.). 


CALUMBA  ROOT.  541 

further  peptic  or  diastatic  digestion,  and  large  doses  are  inimical  to  healthy 
digestion.  Since  bitters  are,  in  some  degree,  irritant,  it  is  easy  to  see 
that  they  may  do  harm  in  cases  of  acute  gastritis,  or  in  any  very  irritable 
condition  of  the  stomach.  Large  doses  of  bitters,  particularly  when  in 
concentrated  form,  numb  the  appetite,  check  gastric  secretion  and  may 
even  excite  nausea. 

Intestines. — The  stronger  bitters  have  some  tendency  to  act  upon  the 
bowels,  and  they  appear  to  be  useful  in  some  cases  of  chronic  catarrh. 
None  of  the  bitters  have  any  cholagogue  action,  although  dandelion 
(Taraxacum)  is  still  popularly  credited  with  this  virtue,  and  "  dandelion 
tea  "  was  a  favourite  "  spring  cure."  Some  bitters  are  feebly  anthelmintic, 
and  infusions  of  calumba  or  quassia  are  sometimes  administered  by  enema 
against  thread- worms. 

Other  organs. — Bitters  are  devoid  of  any  important  influence  upon  the 
nerve-centres,  the  peripheral  nerves,  or  upon  the  heart.  Those  of  them 
which  are  rich  in  volatile  oil  are  said  to  cause  an  increased  migration  of 
leucocytes  from  the  intestinal  walls  into  the  blood. 

Elimination. — There  is  little  known  about  the  excretion  of  pure  bitters. 
They  probably  pass  out,  in  part  at  least,  by  the  kidneys. 

Therapeutics. — It  follows  from  what  has  been  said  that  the  main 
indication  for  the  use  of  bitter  tonics  is  loss  of  appetite,  which  is  the  out- 
come of  a  depressed  condition  of  the  stomach.  Hence  they  are  often 
prescribed  with  advantage  in  cases  of  anemia,  and  in  convalescence  from 
acute  fevers,  i.e.,  in  what  is  termed  atonic  dyspepsia. 

A  simple  infusion  is  in  many  cases  the  best  preparation  to  use.  When 
the  bitter  tinctures  are  prescribed  the  additional  action  of  the  alcohol 
may  slightly  modify  the  effect,  especially  in  the  case  of  children.  With 
adults  the  amount  of  alcohol  thus  introduced  with  a  6-oz.  or  8-oz.  mix- 
ture is  inconsiderable.  "  Angostura  bitters  "  and  the  like  "  pick-me-ups  " 
are  merely  thin  disguises  for  indulgence  in  alcoholic  liquids. 

BITTER  ORANGE  PEEL  (B.P.  and  U.S.?.). — Action  and  uses. — Bitter 
orange  peel  is  a  mild,  agreeable  stomachic,  but  as  its  chief  utility  is  as  a 
flavouring  adjunct  to  other  medicines  it  is  described  on  p.  689. 

CALUMBA  BOOT  (B.P.  and  U.S.P.). — The  dried,  transversely  cut  slices 
of  the  root  of  Jateorrhiza  columba  (B.P.),  J.  palmata  (U.S.P.).  It  is 
often  called  columbo.  It  contains — (a)  Abundance  of  starch,  33  per 
cent. ;  (b)  columbin,  a  neutral  bitter,  crystalline  body ;  (c)  a  yellow 
alkaloid,  berberin  (not  to  be  confounded  with  beberin).  No  tannic  acid 
is  present,  and  therefore  preparations  of  calumba  can  be  elegantly  pre- 
scribed with  salts  of  iron,  without  colorisation.  Calumba  yields  its 
virtues  both  to  water  and  to  alcohol,  the  latter  being  the  more  efficient 
solvent.  The  Infusum  Calumbie  (B.P.)  is  infused  with  cold  water  in 
order  to  avoid  extracting  the  starch,  which  would  become  mouldy. 
The  Liquor  Calurnbse  Concentratus  (B.P.)  is  a  concentrated  infusion, 
preserved  by  addition  of  strong  alcohol.  There  is  a  Tinctura  Calumba: 
(B.P.  and  U.S  P.).  Owing  to  the  absence  of  resin  or  of  volatile  oil  this 
remains  clear  when  diluted  with  water.  There  is  also  an  Extractum 
Calumke  Fluidum  (U.S.P.) 

Action  and  uses. —  Calumba  is  a  useful,  pure  bitter  tonic,  without 
astringency,  and  generally  acceptable  to  the  stomach.  It  is  frequently 
combined  with  either  iron,  alkalies,  or  preparations  of  bismuth,  and  has 
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been  recommended  as  serviceable  in  checking  the  morning  sickness   of 
pregnancy. 

The  alkaloid  berberin  is,  in  large  doses,  an  irritant  poison,  and  colours 
the  intestines  and  urine  yellow,  but  does  not  occur  in  sufficient  quantity  to 
interfere  with  the  useful  medicinal  action  of  calumba. 

CASCARILLA  BARK  (B.P.  and  U.S.P.). — The  dried  -bark  of  Croton 
elcuteria. 

The  Infusum  Cascarilliu  (B.P.),  does  not  keep  well  unless  an  aromatic 
tincture  be  combined  with  it.  Tinctura  CascarilLe  (B.P.)  has  an  aromatic 
odour  like  that  of  marjoram,  and  turns  a  light  olive  colour  with  ferric 
salts.  The  alcohol  of  the  tincture  dissolves  the  resinous  matter,  which 
is  partially  precipitated  by  addition  of  dilute  acids. 

Action  and  uses. — An  agreeable  aromatic  tonic,  without  unpleasant 
bitterness.  An  acceptable  prescription  for  a  tonic  mixture,  suitable  to 
convalescence  from  fever,  certain  cases  of  dyspepsia,  and  chronic  diarrhoea 
is — Infus.  Cascar.,  8  oz.;  Ac.  Nitr.-hydrochl.  Dil.,  2  drms.;  Tinct.  Cinch. 
Co.,  2  drms.  Dose,  i  oz.  to  1  oz. 

CHIRATA  (B.P.  and  U.S.P.). — The  dried  plant,  Sivertia  chirata,  often 
called  chiretta.  No  tannin  is  present ;  still  its  preparations  are  darkened 
by  ferric  salts.  The  British  Pharmacopoeia  has  an  infusion,  a  concentrated 
liquor,  and  a  tincture ;  that  of  the  United  States  has  a  fluid  extract  and  a 
tincture. 

Action  and  uses. — A  pure  bitter  tonic,  long  and  extensively  used  in 
India,  but  never  much  employed  out  of  that  country.  It  may  be  regarded 
as  the  Indian  equivalent  of  the  European  gentian. 

CIMICIFUGA  (B.P.  and  U.S.P.). — The  dried  rhizome  and  roots  of  Cimici- 
fuya  (Actcea)  raccmosa.  Known  also  as  black  snake-root  and  black  cohosh. 
Often  prescribed  by  its  synonym  of  acttea.  There  are  an  Extracturn 
Cimicifugie  Liquidum  (B.P.  and  U.S.P.),  a  Tinctura  Cimicifug*  (B.P.  and 
U.S.P.),  and  an  Extraction  Cimicifugse  (U.S. P.). 

Action  and  uses. — It  is — (1)  A  stomachic  bitter  tonic;  (2)  in  large 
doses,  a  cardiac  tonic.  Its  action  in  this  respect  is  not  important.  It  is 
said  to  cause  contractions  of  the  uterus,  and,  in  addition  to  its  employment 
in  dyspepsia,  has  been  lauded  in  chorea,  rheumatism,  and  neuralgia,  but 
the  evidence  in  its  favour  is  not  convincing. 

GENTIAN  BOOT  (B.P.  and  U.S.P.). — The  dried  rhizome  and  roots  of 
Gcntiana  lutea.  At  first  it  tastes  slightly  sweet,  but  afterwards  bitter. 
The  whole  order  of  Gentianacete  is  remarkable  for  bitterness.  In  both 
pharmacopoeias  there  is  an  extract  and  compound  tincture.  Also  there 
is  a  compound  infusion  (B.P.),  and  a  fluid  extract  (U.S.P.). 

Action  and  uses. — Gentian  is  perhaps  the  most  popular  bitter,  and  has 
been  in  use  for  ages  past.  It  generally  proves  acceptable  to  the  stomach, 
and  does  riot  tend  to  constipate. 

QUASSIA  (B.P.  and  U.S.P.). — The  wood  of  the  trunk  and  branches  of 
Picrccna  eoccelsa.  Tannic  acid  is  absent,  and  the  preparations  of  quassia  do 
not  discolour  with  salts  of  iron.  The  B.P.  has  an  infusion,  a  concentrated 
liquor,  and  a  tincture,  and  the  U.S.P.  an  extract,  a  fluid  extract,  and  a 
tincture. 
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Action  and  uses. — A  useful,  simple  bitter  tonic,  unattended  with 
astringency,  acidity,  or  aroma,  and  well  adapted  to  atonic  dyspepsia  and 
other  conditions  requiring  a  gentle  stimulant  to  the  digestive  functions. 
It  acts  as  a  poison  on  insects  and  other  small  animals,  and,  according  to 
some  observers,  even  upon  rabbits  and  dogs.  A  child,  4  years  old,  who 
received  an  enema  of  180  c.c.  (nearly  6£  fluid  oz.)  of  a  hot  strong  infusion 
of  quassia  was  stupefied  for  several  hours,  and  its  respiratory  and  cardiac 
functions  seriously  depressed.  In  excitable  women  quassia  is  reported 
to  have  caused  involuntary  muscular  contractions,  even  involving  the 
uterus. 

.The  ordinary  infusion  is  used  as  an  enema  for  thread-worms.  Prepara- 
tions of  quassia,  especially  the  infusion,  are  thought  to  be  particularly 
useful  for  the  dyspepsia  of  inebriates. 

SERPENTARY  (B.P.  and  U.S.P.). — The  dried  rhizome  and  roots  of 
Aristolochia  serpentaria  and  Aristolochia  reticulata.  It  is  known  as 
Virginian  snake-root.  Its  preparations  are  the  same  as  those  of  quassia, 
except  that  there  is  no  extract  (U.S.P.). 

Action  and  uses. — Serpentary  is  an  aromatic  and  stimulant  tonic,  but 
is  seldom  prescribed  now.  It  does  not  possess  the  virtues  which  have 
been  attributed  to  it,  for  it  is  valueless  as  an  antidote  to  snake  poison 
(snake-root),  or  as  an  adjunct  in  obstetric  practice.  It  derives  its  name 
from  upiGTo;,  the  best ;  )*v%eia,  the  lochia ;  because  it  was  supposed  to 
promote  that  discharge.  In  large  doses  it  produces  vomiting  and  purging. 

TARAXACUM  (B.P.  and  U.S.P.). — The  fresh  and  the  dried  roots  of  the 
common  dandelion,  Taraxacum  officinale.  All  parts  of  the  plant  contain 
a  milky  bitter  juice,  which  .is  most  abundant  in  autumn,  the  season  at 
which  the  root  should  be  collected.  The  preparations  are  an  extract,  a 
liquid  extract,  and  a  succus  (B.P.),  and  an  extract  and  a  fluid  extract  (U.S.P.). 

Action  and  uses. — A  mild  bitter  tonic,  slightly  laxative.  Its  virtues 
have  been  much  exaggerated,  and  there  is  no  ground  for  the  widespread 
reputation  it  still  holds  as  a  cholagogue  or  hepatic  stimulant. 

CUSPARIA  (B.P.). — Cusparia,  or  angustura,  is  the  dried  bark  of  Cusparia 
febri/uga.  The  bark  is  readily  characterised  by  its  thin  flaky  appearance, 
and  by  the  bevelling  of  the  edges.  Occasionally  there  is  mixed  up  with 
the  true  bark  a  poisonous  bark  known  as  false  angustura  bark,  and  derived 
from  strychnos  nux  vomica.  The  preparations  are  Infusum  Cusparise 
(B.P.),  and  Liquor  Cusparia}  Concentratus  (B.P.). 

Action  and  uses. — A  stimulant  tonic ;  seldom  employed  now.  At  one 
time  it  was  in  vogue  as  a  febrifuge  in  place  of  cinchona  bark. 


CALAMUS   (U.S.P.). — The  rhizome  of  Acorus  calamus,  the  sweet 
It  contains  a  volatile  oil  and  a  bitter  principle.     A  fluid  extract  is  official 
(U.S.P.).     The  drug  is  rarely  prescribed. 

WALTER   SMITH. 
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MALE  FERN,  OIL  OF  TURPENTINE,  POMEGRANATE  BARK,  Cusso,  KAMALA, 
PEPO,  SANTONIN,  CHENOPODIUM,  SPIGELIA,  THYMOL,  NAPHTHALIN, 
MALAKIN. 


ANTHELMINTICS  (avri,  against  fXpivs,  a  worm)  are  medicines  which  kill  or 
expel  worms.  They  are  divided  into  two  classes  —  vermicides  which  kill 
worms,  and  vermifuges  which  expel  them  without  necessarily  killing 
them.  The  principal  vermicides  are  male  fern,  oil  of  turpentine,  cusso, 
pomegranate  root  bark  (Granati  cortex),  with  its  alkaloid  pelletierine, 
kamala,  and  pumpkin  seeds,  which  kill  tape-worms,  and  santonin,  spigelia, 
and  chenopodium,  which  kill  round  worms,  and,  in  the  case  of  santonin, 
thread  -worms  also.  Vermifuges  are  such  remedies  as  scammony,  jalap, 
and  castor-oil,  which  actively  purge  and  thus  expel  worms. 

The  number  of  remedies  against  worms  seems  at  one  time  to  have  been 
embarrassingly  great.  Le  Clerc,  in  a  quarto  volume  of  465  pages, 
published  in  1715,  speaks  of  416  "  medicamenta  simplicia  adversus 
lumbricos,"  consisting  of  eighteen  mineral,  three  hundred  and  sixty- 
eight  vegetable,  and  thirty  animal  substances.  Schaeffer,  in  1784,  gives 
a  catalogue  of  212  plants  to  which  vermifuge  properties  had  been 
ascribed.  Fortunately,  at  the  present  day,  the  number  of  remedies  in 
actual  use  does  not  much  exceed  ten  or  a  dozen. 

MALE  FERN. 
(B.P.  AND  U.S.P.) 

Male  fern,  called  Filix  Mas  (B.P.)  and  Aspidium  (U.S.P.),  is  the 
rhizome  of  Aspidium  filix,  mas  (B.P.),  Dryopteris  filix  mas  and  D. 
marginalis  (U.S.P.),  divested  of  its  roots,  leaves,  and  dead  portions,  and 
carefully  dried.  It  has  a  feeble  but  disagreeable  odour,  and  its  taste  is  at 
first  sweetish  and  astringent,  but  subsequently  bitter  and  nauseous. 

Male  fern  is  one  of  the  oldest  remedies  against  worms,  and  has 
probably  been  used  for  centuries.  In  1775  an  account  was  published  of 
a  secret  remedy  for  intestinal  parasites,  which  was  purchased  by  Louis  xvi. 
for  18,000  francs  from  Madame  Noutfer,  the  widow  of  a  Swiss  surgeon. 
The  principal  ingredient  of  this  was  found  to  be  powdered  male  fern. 
In  1825  Peschier  pointed  out  the  superior  advantages  of  the  resinous  oil 
extracted  by  ether,  the  preparation  which  since  then  has  been  generally 
used,  and  holds  its  place  in  the  pharmacopoeias  at  the  present  day. 

The  chief  constituents  of  male  fern  are  :  —  (1)  Filicic  acid,  an  amorphous 
therapeutically  active  body,  which  easily  becomes  transformed  into  the 
crystalline  anhydride.  The  latter  is  formed  in  the  deposit  in  the  liquid 
extract,  and  is  considered  to  be  inactive,  and  to  possess  neither  tsenifuge 
nor  toxic  properties  ;  (2)  fixed  oil,  about  6  per  cent.  ;  (3)  volatile  oil  ; 
(4)  tannin  ;  (5)  several  crystalline  substances,  namely,  aspidin,  al- 
baspidin,  etc. 

Pharmacology.  —  The  oil  of  male  fern  is  one  of  the  most  certain 
remedies  which  we  possess  against  the  tape-worm.  It  is  believed  to  be 
more  successful  against  the  Tcenia  solium  and  the  Bothriocephalus  latus  than 
against  the  T.  mediocanellata.  It  is  a  direct  poison  to  these  parasites.  It 
has  also  been  used  with  some  success  against  the  Ankylostomum  duodenale. 
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In  ordinary  doses  the  drug  produces  some  intestinal  disturbance,  such  as 
griping  or  slight  purging,  and  in  overdoses  it  acts  as  a  powerful  gastro- 
intestinal irritant,  causing  nausea,  vomiting,  colic,  and  purging.  Jaundice, 
according  to  Grawitz,  has  been  observed  as  a  sequel  in  a  large  proportion 
of  the  cases  treated  with  male  fern.  Grawitz  has  also  recorded  a  diminu- 
tion in  the  number  of  the  red  and  white  corpuscles  in  the  blood. 
Cases  have  been  reported  by  Gross,  Masius,  and  Van  Aubel  in  which 
amaurosis  has  followed  the  administration  of  male  fern  as  an  anthelmintic. 
Amaurosis  has  been  also  produced  experimentally  in  dogs  by  treatment 
with  male  fern.  The  amaurosis  has  been  shown  by  Masius  to  depend 
upon  changes  in  the  perivascular  space  of  the  optic  nerve,  consisting  of 
proliferation  of  the  capillaries  and  cellular  infiltration,  and  causing  com- 
pression of  the  nerve  at  the  optic  foramen.  Later  on  the  nerve  fibres 
atrophy,  the  last  to  disappear  being  those  nearest  the  retina.  Indirect 
toxic  symptoms  are,  however,  uncommon  with  ordinary  doses.  It  is 
believed  that  they  result  from  the  absorption  of  amorphous  filicic  acid 
into  the  system.  The  drug  should  be  given  with  care  to  pregnant  women, 
as  it  has  sometimes  been  credited  with  producing  abortion. 

Therapeutics.  —  The  official  preparation  is  Extractum  Filicis 
Liquidum  (B.P.),  called  Oleoresina  Aspidii  (U.S.P.);  sometimes  known 
as  oil  of  male  fern.  It  is  prepared  by  exhausting  powdered  male 
fern  with  ether  by  percolation.  The  ether  is  then  evaporated  from 
the  clear  percolate  on  a  water  bath  or  by  distillation  until  an  oily  extract 
remains. 

The  dose  of  this  preparation  is  given  in  the  British  Pharmacopoeia 
as  45  to  90  minims,  but  a  dose  of  1  to  2  drms.  is  ordinarily  administered. 
A  dose  of  2 1  drms.  should  never  be  exceeded.  A  dose  of  6  drms.  is 
reported  to  have  proved  fatal.  The  oily  fluid  when  given  in  a  draught 
requires  to  be  suspended  or  emulsified  by  means  of  such  agents  as  mucilage 
of  tragacanth  or  tincture  of  quillaia.  The  following  is  a  useful  formula 
for  a  draught : — Ext.  filic.  liq.,  90  minims ;  Tr.  quillaise,  6  drms. ;  Syrup, 
zingiber.  \\  drm. ;  Aquam  ad  2  oz.  The  oil  should  be  given  in  the 
morning  on  an  empty  stomach,  the  bowels  having  previously  been  evacu- 
ated. At  noon  an  ordinary  meal  may  be  taken,  and  in  the  evening  a  brisk 
purge.  Some  recommend  a  dose  of  castor-oil,  but  as  filicic  acid  is  soluble 
in  oil  and  is  then  more  likely  to  be  absorbed,  it  is  better  to  give  another 
purge,  such  as  compound  liquorice,  compound  scainmony,  or  compound 
jalap  powder. 

OIL  OF  TURPENTINE  (see  p.  554). 

POMEGRANATE  EOOT  BARK. 
(B.P.  AND  U.S.P.) 

The  dried  bark  of  the  stem  and  root  of  Punica  granatum,  the 
pomegranate.  The  vermifuge  action  of  pomegranate  root  bark  was  well 
known  to  the  ancients,  but  it  was  only  introduced  into  modern  medicine 
about  the  beginning  of  the  nineteenth  century  by  an  Indian  surgeon,  Dr. 
Buchanan.  B.  A.  Gomes  wrote  on  its  tamifuge  power  in  a  short  memoir 
published  at  Lisbon  in  1822. 

Chief  constituents. — Four  alkaloids  have  been  isolated  from  pome- 
granate bark — pelletierine  or  punicine,  methyl  pelletierine,  isopelletierine 
or  isopunicine,  all  liquid,  and  pseudo-pelletierine,  crystalline.  These 
35 
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alkaloids  are  the  active  principles,  and  exist  to  the  extent  of  about  0'5 
per  cent,  in  the  stem  bark  and  0'6  to  0'7  per  cent,  in  the  root  bark. 
The  bark  also  contains  a  large  amount  of  tannin  in  the  form  of  punico- 
tannic  acid,  22  per  cent. 

Pharmacology. — On  account  of  the  large  quantity  of  tannin  it 
contains,  pomegranate  root  bark  possesses  powerful  astringent  properties, 
but  it  is  seldom  used  on  this  account,  although  the  decoction  (B.P.)  is  a 
good  gargle  for  relaxed  throat. 

Pomegranate  bark  and  its  alkaloids  are  very  efficient  tsenicides,  and 
probably  if  preparations  of  the  bark  were  less  nauseous  they  would  be 
more  used  than  they  are  at  present.  Like  male  fern,  the  drug  is  more 
effective  against  the  Tcenia  solium  and  the  Bothriocephalus  than  against 
the  T.  mediocanellata.  The  alkaloid  pelletierine  has  been  proved  experi- 
mentally to  be  fatal  to  the  Tcenia.  According  to  v.  Schroder,  T^VTHT  Part 
of  pelletierine  added  to  fluid  containing  living  specimens  of  Tcenia  serrata 
rapidly  caused  the  death  of  the  parasite. 

The  drug  has  a  well  -  marked  physiological  action.  The  alkaloids 
pelletierine  and  isopelletierine  act  like  curare,  paralysing  the  motor  nerves 
without  affecting  sensation  or  muscular  contractility.  In  frogs  they  pro- 
duce increased  reflex  excitability,  and  motor  paralysis  of  the  extremities  with 
retained  sensibility.  After  larger  doses  there  are  cramps,  general  paralysis, 
and  arrest  of  the  heart  in  diastole.  In  rabbits  similar  phenomena  occur, 
and  there  is  a  great  rise  of  blood  pressure,  and  death  is  ushered  in  by 
asphyxia.  Severe  vertigo,  drowsiness,  coma,  fall  of  temperature,  slowing 
of  pulse,  and  quickening  of  respiration,  as  well  as  great  muscular  weakness, 
have  been  observed.  It  is  interesting  to  notice  that  the  drug,  like  male 
fern,  produces  ocular  disturbances,  and  diplopia,  myopia,  mydriasis, 
and  amaurosis,  with  marked  retinal  congestion,  have  been  observed.  It 
also  acts  as  a  gastro-intestinal  irritant,  producing  nausea,  vomiting,  colic, 
and  purging.  With  such  doses  as  are  usually  given  for  therapeutic 
purposes,  there  is  but  little  likelihood  of  toxic  symptoms  being  pro- 
duced. 

Therapeutics.  —  The  only  official  preparation  is  the  Decoctum 
Granati  Corticis  (B.P.).  The  pharmacopO3ial  doses  of  ^  to  2  fluid  oz. 
are  inadequate,  unless  repeated  at  short  intervals.  The  decoction  has 
a  very  disagreeable  taste,  which  is  a  serious  objection  to  its  use  in 
repeated  doses.  It  should  be  given  before  breakfast.  The  dose  of  2  oz. 
should  be  repeated  every  hour  until  four  or  five  doses  have  been  taken. 
The  administration  of  the  drug  should  be  preceded  and  followed  by  a 
brisk  purge. 

SULPHATE  OF  PELLETIERINE  is  a  brown,  viscid,  syrupy  liquid,  freely 
soluble  in  water,  and  the  TANNATE  a  greyish  white  amorphous  powder 
insoluble  in  water.  Doses  of  5  to  8  grs.  of  either  the  sulphate  or  tannate 
have  been  found  sufficient  to  kill  the  tapeworm.  Binz  recommends  the 
addition  of  tannin  to  pelletierine  or  the  sulphate,  to  prevent  absorption  in 
the  stomach.  As  in  the  case  of  the  decoction,  the  administration  of  the 
alkaloids  should  be  preceded  and  followed  by  a  purgative.  The  bowels 
should  first  be  cleared  out  by  a  copious  enema  in  the  evening,  the  patient 
having  a  light  supper,  or  none  at  all.  Next  morning,  while  fasting,  8  grs. 
of  the  sulphate  of  pelletierine  should  be  given  in  solution  along  with  8  grs. 
of  tannin,  and  ten  minutes  later  a  large  glassful  of  water.  Three-quarters 
of  an  hour  later,  f  oz.  of  castor-oil  should  be  given.  Pelletierine  is  not  a 
suitable  vermicide  for  children,  on  account  of  their  greater  susceptibility 
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to   the    drug,   and    the   greater    likelihood   of   undesirable   physiological 
symptoms  being  produced. 

Cusso. 

(B.P.    AND   U.S.P.) 

Cusso,  Kousso,  or  Brayera  is  the  dried  panicles  of  pistillate  flowers  of 
Brayera  anthelmintica  (B.P.),  Hagenia  dbyssinica  (U.S.P.).  It  has  no 
marked  odour,  but  a  bitter  and  acrid  taste.  This  plant  is  extensively 
cultivated  in  Abyssinia,  where  intestinal  parasites  are  very  prevalent.  Its 
use  as  a  ttenifuge  was  noted  by  Bruce  in  his  travels  in  that  country 
about  1770.  In  1822,  A.  Brayer  published  a  notice  upon  a  new  plant  of 
the  family  of  Kosacere,  employed  with  the  greatest  success  in  Abyssinia 
against  teenia. 

Chief  constituents. — Kosotoxin  (Leichsenring,  1894),  an  amorphous 
yellowish  white  substance  which  is  highly  active.  Protokosin,  an  inactive 
crystalline  body.  Tannin.  Resin. 

Pharmacology. — Cusso  is,  like  male  fern  and  pomegranate  root 
bark,  a  very  efficient  tienicide,  although  perhaps  somewhat  less  certain 
than  the  other  two  remedies.  According  to  Kuchenmeister,  the  worm  is 
expelled  slowly  and  in  pieces,  and  the  head  is  not  infrequently  left  behind, 
in  which  case  the  worm  is  certain  to  be  reproduced  in  two  or  three  months. 
Like  the  other  remedies,  when  given  in  large  doses,  the  drug  causes  nausea, 
vomiting,  griping,  and  purging.  Cusso,  like  male  fern,  is  said  sometimes 
to  have  caused  abortion,  and  accordingly  it  should  be  used  with  caution  in 
cases  of  pregnancy.  Kosotoxin  is  a  poison  to  striated  muscle  fibre,  and  in 
mammals  ultimately  causes  death  by  paralysis  of  the  respiratory  muscles. 
It  also  appears  to  have  a  paralysing  action  on  the  heart  muscle.  The 
sensory  tracts  and  reflex  centres  are  unaffected. 

Therapeutics. — The  dose  of  cusso  is  \  oz.  to  |  oz.  It  is  best 
administered  in  the  form  of  an  infusion,  which  should  be  freshly 
prepared  and  drunk  without  straining.  The  same  measures  should 
be  adopted  as  regards  preparation  of  the  patient  as  in  the  case  of  the 
other  remedies  against  tapeworm.  After  some  hours  a  brisk  purgative 
should  be  given,  if  in  the  meantime  the  bowels  have  not  acted.  There  is 
no  official  B.P.  preparation,  but  there  is  an  Extractum  Cusso  Fluidurn 
(U.S.P.). 

KAMALA. 

(U.S.P.) 

Kamala  or  Eottlera  is  a  powder  consisting  of  the  minute  glands  and 
hairs  obtained  from  the  surface  of  the  fruits  of  Mallotus  philippinensis, 
an  Indian  plant  cultivated  for  dyeing  purposes.  It  was  formerly  official 
in  the  B.P. 

Composition. — By  treatment  with  ether,  a  resinous  mass  is  obtained, 
from  which  a  number  of  substances  have  been  separated,  namely,  a 
crystalline  body,  rottlerin ;  a  similar  body,  iso-rottlerin  ;  two  resins,  one  red, 
the  other  pale  yellow ;  wax  and  crystalline  colouring  matter. 

Pharmacology  and  Therapeutics. — It  is  an  efficient  remedy 
against  the  tapeworm.  It  kills  the  worm,  and,  being  an  active  purgative, 
also  expels  it.  It  may  cause  severe  nausea  and  vomiting  as  well  as  purging. 

One  to  2  drms.  may  be  given  with  syrup,  honey,  or  thick  gruel  in  the 
morning.  If  purgation  does  not  ensue,  the  dose  should  be  repeated  in 
eight  hours. 
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PEPO. 

(U.S.  P.) 

The  seed  of  Cucurbita  pepo.  Pumpkin  seed  is  a  favourite  remedy  in  the 
United  States  for  the  cure  of  tapeworm.  It  is  considered  to  be  even  more 
efficacious  than  male  fern,  and  to  have  the  advantage  of  being  perfectly 
harmless.  From  1  to  2  oz.  of  the  seeds  stirred  up  with  sugar,  or  in  the 
form  of  an  emulsion  with  water,  may  be  given  on  an  empty  stomach  early 
in  the  morning,  the  bowels  having  been  previously  well  opened.  After 
two  or  three  hours  a  brisk  purge  should  be  given.  The  active  principle 
appears  to  be  a  resin  which  has  been  extracted  from  the  seeds,  and  has 
been  found  to  be  effective  in  doses  of  15  grs. 

SANTONICA. 

(U.S.P.) 

The  unexpanded  flower  heads  of  Artemisia  pauciflora.  Only  used 
as  the  source  of  santonin. 

SANTONIN. 

(B.P.    AND   U.S.P.) 

Santonin,  officially  called  Santoninum,  is  a  neutral  crystalline  principle 
derived  from  santonica,  commonly  known  as  worm  seed.  It  is  at  first 
colourless,  but  after  exposure  to  light  it  becomes  yellow.  Santonica  or 
cina,  or,  as  it  is  sometimes  called,  semen  contra,  has  been  employed  as  a 
vermifuge  from  early  times.  Santonin  was  isolated  from  santonica,  and 
introduced  into  medicine  by  Kahler  and  v.  Alms  in  1830. 

Pharmacology. — Santonin  is  the  most  effective  and  generally  used 
remedy  which  we  possess  against  the  round  worm.  It  is  also  used  as  a 
remedy  for  thread-worm.  According  to  Kuchenmeister,  santonin  dissolved 
in  oil  kills  the  round  worm  within  an  hour,  acting  more  rapidly  than  any 
other  poison.  v.  Schroder,  however,  maintains  that  santonin  is  only 
slightly  toxic  to  the  round  worm.  He  observed  that  the  worms  main- 
tained life  for  over  twenty-eight  hours  in  |  of  1  per  cent,  solution  of 
santonin  in  olive-oil.  The  worms,  however,  by  more  frequent  move- 
ments, showed  signs  of  uneasiness.  His  view  is,  that  after  the  adminis- 
tration of  santonin  the  worms  are  irritated,  and  leave  the  small  intestine 
for  the  large  gut,  from  which  they  are  readily  expelled  by  means  of 
purgatives. 

Santonin  produces  well-marked  physiological  symptoms.  One  of  the 
most  interesting  of  its  effects  is  that  which  it  has  upon  the  vision.  It  has 
been  frequently  observed  that  within  an  hour  after  the  administration  of 
santonin  all  objects  assume  a  yellow  or  greenish  colour,  violet  objects 
in  particular  being  recognised  with  difficulty.  It  has  been  occasionally 
noticed,  especially  after  large  doses,  that  preceding  the  yellow  vision  there 
is  a  period  during  which  violet  or  blue  is  the  predominating  colour.  It 
has  been  supposed  that  the  peculiar  colour  vision  proceeds  from  a  coloration 
of  the  humours  or  solid  tissues  of  the  eye.  This  view  is  seemingly  sup- 
ported by  the  bright  yellow  coloration  of  the  urine,  to  be  presently  referred 
to ;  but  it  is  a  pure  assumption,  and  will  not  explain  the  preceding  violet 
vision.  It  is  much  more  probable  that,  as  suggested  by  Eose,  this  altered 
vision  is  a  nervous  phenomenon  resulting  from  a  stimulation  followed  by 
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paralysis  of  the  fibres  by  which  the  violet  rays  are  perceived.  This  is 
borne  out  by  facts  observed  by  Henneberg,  that  after  continued  small 
doses  the  perception  of  the  spectrum  is  shortened  at  the  violet  end,  and 
the  power  of  distinguishing  different  shades  of  violet  is  diminished. 
Accompanying  the  change  in  the  colour  vision  there  is  congestion  of  the 
retinal  vessels.  With  large  doses  the  pupils  may  be  widely  dilated,  or  in 
exceptional  cases  contracted,  and  there  may  be  disturbances  of  vision, 
such  as  Hashes  of  light,  or  spectral  appearances  or  amaurosis.  One  case  has 
been  recorded  where  complete  blindness  lasted  for  nearly  a  week.  In 
young  animals  santonin  has  produced  cataract.  Occasionally  there  is 
perversion  of  smell  and  taste.  With  large  doses  more  serious  cerebral 
symptoms  may  be  produced,  such  as  headache,  vertigo,  vomiting,  delirium, 
and  convulsions,  with  paralysis  of  respiration  between  the  convulsions, 
going  on  to  stupor  and  deep  coma.  In  the  frog  the  drug  in  large  doses 
tirst  acts  on  the  cerebrum,  paralysing  voluntary  movement,  and  later, 
acting  on  the  medulla,  sets  up  convulsions,  which  may  be  stopped  by 
section  of  the  cord.  On  the  whole,  lower  animals  stand  proportionally 
large  doses  of  santonin  well. 

Santonin  produces  marked  changes  in  the  urine,  which  assumes  a  bright 
yellow,  orange,  or  red  colour.  With  doses  of  1  to  2  grs.  santonin  appears  in 
the  urine  after  half  an  hour.  The  red  coloration  occurs  when  the  urine  is 
alkaline,  and  the  addition  of  liquor  potassse  will  turn  the  urine  red. 
There  is  an  increased  flow  of  urine,  and  sometimes  irritability  of  the  bladder 
and  increased  frequency  of  micturition.  Htematuria  has  been  recorded, 
but  it  is  possible  the  altered  colour  of  the  urine  may  have  given  rise  to  the 
idea  that  it  contained  blood.  Sometimes  there  are  digestive  disturbances, 
such  as  nausea,  vomiting,  griping,  and  purging  after  large  doses. 

After  a  large  dose  of  santonin  the  skin  may  become  pale,  slightly 
yellowish,  or  cyanotic.  Occasionally,  after  quite  small  doses,  eruptions 
make  their  appearance.  In  an  adult,  within  three  hours  after  the 
administration  of  a  5  gr.  dose,  there  was  a  general  morbilliform 
eruption  on  the  skin,  with  a  punctiform  rash  on  the  buccal  and  pharyngeal 
mucous  membranes.  The  eruption  was  attended  with  intense  itching. 
The  most  common  skin  eruption  produced  is  urticaria. 

Although  santonin  has  been  recommended  for  various  morbid  conditions 
other  than  worms,  these  suggestions  have  not  proved  of  practical  value. 
Its  effects  on  vision  and  on  the  lens  suggested  its  use  for  amaurosis, 
choroiditis,  and  cataract,  and  it  has  been  used  in  sprue,  epilepsy,  nephritis, 
and  enuresis,  as  well  as  in  disorders  of  menstruation. 

Santonin  has  been  used  in  10  gr.  doses  as  an  emmenagogue,  and  to 
relieve  dysmenorrhoea.  In  the  latter  condition  it  is  given  on  the  first 
night  of  the  flow.  There  is  little  evidence,  however,  in  support  of  its  use 
for  such  cases. 

Therapeutics. — Santonin  may  be  given  either  as  a  powder  mixed 
with  sugar,  or  in  the  lozenge  form  (B.P.  and  U.S.P.).  The  dose  of 
the  powder  is  2  to  5  grs.,  and  each  lozenge  contains  1  gr.  Santonin 
gives  better  results  when  given  with  castor-oil  than  any  other  form  of 
administration  (Kuchenmeister,  Whitla).  Given  in  this  way,  bad  results 
have  never  been  observed.  Two  grs.  may  be  taken  at  bedtime  with  a  large 
teaspoonful  of  castor-oil,  and  if  necessary  more  oil  or  other  purgative  may 
be  taken  in  the  morning.  It  should  be  a  rule  that  a  dose  of  santonin  should 
be  accompanied  or  followed  by  a  purge.  The  reason  for  giving  the  drug 
in  the  evening  is  that  the  yellow  vision  will  probably  have  passed  off  by 
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next  day.  In  the  case  of  thread-worms  the  same  treatment  may  be 
adopted  as  for  round  worms,  or  the  drug  may  be  employed  in  the  form 
of  suppository,  3  grs.  of  santonin  being  made  up  with  10  grs.  of  oil  of 
theobroma,  and  one  suppository  being  used  every  second  or  third 
night. 

Two  derivatives  of  santonin  have  lately  been  used  in  its  place,  namely, 
sodium  santoninate  and  santoninoxim.  They  are  considered  to  be  equally 
efficient  and  less  likely  to  produce  toxic  symptoms. 

SODII  SANTONINAS  (not  official)  is  given  in  doses  of  5  to  10  grs.  It  is 
slightly  soluble  in  water  or  syrup. 

SANTONINOXIM  (not  official),  a  derivative  of  santonin,  produced  by  the 
action  of  hydroxylamine  on  an  alkaline  solution,  is  less  readily  absorbed, 
and  on  that  account  less  toxic.  It  is  said  to  kill  the  round  worm,  while 
santonin  merely  paralyses  it.  Its  dose  is  5  to  15  grs. 

CHENOPODIUM. 

(U.S.?.) 

American  worm  seed  is  the  fruit  of  Chenopodium  anthelminticum  or 
Jerusalem  oak.  It  contains  a  volatile  oil,  Oleum  chenopodii  (official) 
(U.S.P.). 

It  is  a  very  efficient  remedy  against  the  round  worm.  The  oil  is  an 
antispasmodic,  and  has  been  used  as  such  in  hysteria. 

The  minute  globular  seeds  may  be  given  with  aromatic  syrup  in 
doses  of  10  to  40  grs.,  or  the  oil  may  be  given  in  doses  of  10  minims 
dropped  on  sugar  or  in  an  emulsion  before  meals,  followed  by  a  brisk 
purgative. 

SPIGELIA. 

(U.S.  P.) 

The  rhizome  and  rootlets  of  Spigclia  marilandica,  the  pinkroot.  It 
contains  an  ethereal  oil,  colouring  matter,  resin,  and  a  poisonous  alkaloid, 
spigeline. 

Pharmacology.— Spigelia  is  an  efficient  remedy  for  round  worm, 
which  it  appears  to  narcotise.  It  has  a  marked  physiological  action.  In 
the  frog  it  produces  slowing  of  the  heart,  with  at  first  increased  force  of 
the  ventricular  contractions,  but  later  arrest  in  semi-diastole,  together 
with  exophthalmos,  great  muscular  weakness,  and  loss  of  reflex  activity. 
In  the  dog,  rapid  respiration,  exophthalmos,  widely  dilated  pupils,  and 
internal  strabismus,  retching,  muscular  weakness,  and  loss  of  co- 
ordination, ending  in  sleep,  coma,  and  death  from  failure  of  respiration, 
are  observed.  In  cases  of  overdosing  in  man  it  causes  rapid  pulse, 
dilated  pupils,  hot  and  dry  skin,  flushing  and  fulness  of  the  face,  talkative 
delirium,  convulsions,  and  stupor. 

Therapeutics. — Although  possessed  of  such  marked  physiological 
effects,  it  produces  little  or  no  constitutional  disturbance  in  therapeutic 
doses.  The  fluid  extract  (U.S.P.)  should  be  given  in  doses  of  2  fluid  drms. 
for  an  adult,  or  15  to  30  minims  for  a  child.  At  the  same  time  a  purgative 
such  as  senna  should  be  given. 
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NAPHTHALINUM. 

(U.S.P.) 

Naphthalin  or  naphthalene  (C10HS)  is  a  hydrocarbon  in  white  crystals, 
with  persistent  disagreeable  odour.  It  has  been  used  as  an  intestinal 
antiseptic,  but  to  a  much  less  extent  than  naphthol  (C10H7  OH).  It  is 
used  as  a  remedy  for  thread-worms,  and  therefore  is  mentioned  here.  It 
is  alluded  to  as  an  antiseptic  on  p.  466.  It  appears  to  be  a  direct  poison 
to  the  oxyuris. 

The  following  mode  of  administration  is  recommended : — (1)  A  mild 
purge  should  be  given;  (2)  a  dose  of  naphthalin  varying  with  the  age 
from  2i  grs.  for  a  child  tet.  1£,  to  6  grs.  for  a  child  tet.  12,  should  be  given 
midway  between  meal  times  in  capsule  or  mixed  with  sugar ;  (3)  this  is  to 
be  repeated  twice  daily  until  four  doses  have  been  taken;  (4)  after  a 
pause  of  eight  days,  if  necessary,  the  course  may  be  repeated  ;  (o)  a 
third  course  after  fourteen  days  may  sometimes  be  required.  During 
the  administration  of  the  drug,  fat  should  be  withdrawn  from  the 
dietary.  If  there  is  constipation,  mild  purgatives  may  be  repeated  with 
advantage. 

As  it  is  cheaper  than  camphor,  and  equally  effective,  it  is  largely  used 
for  preventing  the  deposition  of  moths'  eggs  in  woollen  clothing  and  furs, 
and  for  the  preservation  of  natural  history  specimens.  It  is  often  called 
tar  camphor. 

THYMOL  (B.P.  and  U.S.P).  as  a  remedy  for  Ankylostoma  duodenale  may 
be  mentioned  in  this  place.  The  mode  of  administration  which  has  been 
recommended  is  as  follows : — On  the  day  preceding  thymol  treatment,  milk 
diet  only  should  be  allowed.  In  the  afternoon,  powders  consisting  of 
senna  8  grs.  and  calomel  2  grs.,  should  be  given  in  wafers  or  cachets  every 
hour  for  four  hours.  On  the  following  day,  thymol  30  grs.,  in  wafers  or 
cachets,  should  be  given  every  two  hours  for  three  times,  or  as  much  as 
60  grs.  may  be  given  three  times.  If  the  bowels  do  not  act  freely,  a 
purgative  should  be  administered.  After  this  the  stools  should  be 
examined  a  few  days  later,  and  if  eggs  are  still  present,  repeat  the  same 
treatment.  Fats,  oils,  and  alcohol  are  solvents  of  thymol,  and  accordingly 
should  be  abstained  from  during  treatment,  to  lessen  the  risk  of  abortion. 
(For  other  actions  of  Thymol,  see  p.  566.) 

MALAKIN,  or  salicyl  paraphenetidin  (not  official),  a  light  yellow  powder, 
insoluble  in  water,  which  was  introduced  as  an  antipyretic,  anodyne,  and 
antirheumatic,  has  recently  been  used  by  Ottolenghi  as  an  anthelrnintic. 

It  is  said  to  kill  both  the  tapeworm  and  the  lumbricus.  Malakin  first 
detaches  the  worms  from  the  intestinal  wall  and  then  kills  them  gradually. 

Acidulated  solution  of  malakin  in  olive-oil  (£  of  1  per  cent.)  killed 
lumbrici  in  a  test-tube. 

Its  mild  action  and  slow  power  of  absorption  make  it  possible  to 
administer  this  remedy  for  a  considerable  length  of  time  without  danger. 
It  should  be  given  in  doses  of  20  to  30  grs.  in  cachets  three  times  a  day. 
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THE   VOLATILE    OILS,   AND    SUBSTANCES   WHICH    CONTAIN 
VOLATILE  OILS  AS  THEIR  ACTIVE  CONSTITUENTS.1 

THE  volatile  oils  form  a  large  and  important  group  of  medicinal  agents. 
In  addition  to  the  oils  themselves,  many  vegetable  drugs  owe  their  activity 
to  the  volatile  oil  they  contain,  the  action  of  which  is,  however,  in  many 
cases  modified  by  other  constituents  of  the  drug.  In  the  present  section 
it  is  proposed  to  treat  of  such  volatile  oils,  resins,  oleo-resins,  gum  resins, 
and  drugs  containing  these  various  substances,  as  are  not  considered  in 
other  sections. 

General  properties  and  composition. — The  volatile  oils  are  highly 
aromatic  substances  which  constitute  the  odoriferous  principles  of  the 
plants  containing  them.  They  are  volatile  with  steam  at  100°  C.,  though 
in  some  the  boiling  point  may  be  much  higher.  They  are  inflammable, 
and  the  majority  are  lighter  than  water.  They  dissolve  readily  in  ether, 
chloroform,  and  alcohol,  but  in  water  only  to  a  very  slight  extent,  the 
small  quantity  dissolved  is,  however,  sufficient  to  impart  to  the  water  the 
smell  and  taste  of  the  oil.  They  have  no  chemical  affinities  to  the  fixed 
oils,  and  are  not  saponified  by  alkalies ;  dropped  on  paper  they  do  not 
leave  a  greasy  mark. 

The  chemical  composition  of  the  volatile  oils  is  so  varied,  complex,  and 
in  some  cases  so  imperfectly  known,  that  a  purely  chemical  classification  is 
at  present  impossible,  and  moreover  possesses  no  value  for  therapeutical 
purposes.  The  simplest  volatile  oils  consist  almost  entirely  of  hydrocarbons 
belonging  to  the  group  of  terpenes  (C10H16),  hemipterpenes  (Cr,H8),  and 
sesquiterpenes  (C15H24).  A  considerable  number  of  isomeric  bodies  of  these 
formulae  are  known,  many  of  which  are  unstable  and  tend  to  isomeric 
change;  further  investigations  are  required  to  determine  the  chemical 
relationships  of  the  various  isomers.  Associated  with  terpenes  are  fre- 
quently found  oxidised  hydrocarbons,  which  may  be  alcohols,  aldehydes, 
or  ketones.  Some  of  the  oxidised  hydrocarbons  are  solid  bodies,  and  are 
dissolved  in  the  liquid  portion  of  the  volatile  oil.  The  names  "  elffioptene  " 
and  "  stearoptene "  are  sometimes  applied  to  the  liquid  and  solid  con- 
stituents of  a  volatile  oil  respectively.  Some  volatile  oils  contain  phenol 
derivatives,  and  others  contain  esters  or  ethereal  salts.  These  bodies  are 
usually  associated  with  terpenes.  Sulphur  is  present  in  a  few  volatile 
oils. 

Resins  are  solid  bodies  which  form  the  active  constituents  of   many 

1  A  very  few  unimportant  volatile  oils  are  more  conveniently  described  under  other  headings. 
Reference  to  them  may  be  obtained  from  the  index. 
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vegetable  drugs.  They  are  soluble  in  alcohol  but  quite  insoluble  in 
water.  Chemically  they  are  of  complicated  composition,  but  mostly 
sontain  organic  acids,  and  are  formed  by  the  oxidation  of  volatile 
oils. 

Oleo-resins  are  mixtures  containing  a  volatile  oil  and  a  resin ;  on  dis- 
tillation the  volatile  oil  is  obtained,  and  the  resin  previously  dissolved  in  it 
remains  in  the  retort. 

Gum  resins  are  mixtures  of  gum,  resin,  and  volatile  oil ;  on  triturating 
with  water,  they  form  "  natural  emulsions,"  the  insoluble  resin  being  sus- 
jnded  by  the  gum. 

Balsams  are  oleo-resins  containing  cinuamic  or  benzoic  acids. 

By  the  destructive  distillation  of  various  organic  substances,  as  for 
example  wood  and  coal,  complex  tarry  liquids  are  obtained  which 
resemble  volatile  oils  in  their  action.  They  contain  phenols  and  their 
derivatives,  in  some  cases  terpenes,  and  many  other  bodies.  These  tarry 
liquids  are  called  empyreumatic  oils. 

General  action. — The  volatile  oils  are  antiseptics  and  disinfectants, 
owing  to  their  power  of  destroying  the  lower  forms  of  life ;  their  activity 
in  this  respect  varies  widely  in  the  different  oils.  Applied  to  the  skin  they 
act  as  stimulants,  and  dilate  the  vessels ;  the  more  powerful  may  cause 
inflammation ;  the  sensory  nerve-endings  are  first  irritated  and  afterwards 
depressed.  Internally  they  act  locally  upon  the  alimentary  canal  in  a 
similar  manner  to  their  action  on  the  skin.  In  the  body,  in  large  doses, 
they  act  as  narcotic  poisons  and  depress  the  circulation.  They  are  ex- 
creted by  the  skin,  the  respiratory  mucous  membrane,  and  by  the  kidneys ; 
they  act  upon  those  organs  as  stimulants  during  elimination,  and  by  their 
presence  in  the  secretions  prevent  decomposition. 

The  relative  activity  of  the  different  oils  varies  according  to  their 
physical  and  chemical  properties.  The  highly  diffusible  terpenes,  for 
example,  are  exceedingly  powerful  in  the  effect  they  produce,  while  the 
insoluble  resins  are  in  some  cases  almost  inactive.  The  various  oils  also 
differ  in  their  relative  effects  upon  the  different  tissues ;  thus  some  are 
more  active  as  cutaneous  irritants,  others  as  stimulants  to  the  respiratory 
mucous  membrane,  others  as  renal  stimulants,  while  in  a  large  number 
the  action  is  practically  confined  to  the  alimentary  canal,  unless  toxic 
doses  are  administered.  Owing  to  the  fact  that  some  oils  act  upon  more 
than  one  organ,  and  that  many  are  used  for  widely  different  purposes,  a 
purely  pharmacological  or  therapeutical  classification  is  as  unsatisfactory 
as  a  purely  chemical  one.  For  the  purposes  of  description,  and  to  avoid 
needless  repetition,  the  various  substances  included  in  the  present  section 
will  be  arranged  in  the  following  groups : — (1)  Oil  of  turpentine  and  its 
immediate  derivatives  and  pine  oil ;  (2)  oil  of  eucalyptus  and  other  oils 
containing  cineol;  (3)  oil  of  mustard  and  other  powerful  local  irritants; 
(4)  aromatic  volatile  oils  chiefly  used  for  their  action  on  the  alimentary 
canal ;  (5)  the  gum  resins ;  (6)  resins,  oleo-resins,  and  balsams ;  (7)  the 
empyreumatic  oils ;  (8)  volatile  oils  (or  substances  containing  them)  which 
are  used  chiefly  for  their  action  on  the  genito  -  urinary  system.  This 
arrangement  has  no  pretensions  to  be  a  scientific  classification;  it  has, 
however,  the  practical  advantage  of  bringing  together  those  drugs  which 
are  most  closely  allied  in  their  actions  and  medicinal  uses. 
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I.  OIL  OF  TURPENTINE  AND  ITS  IMMEDIATE  DERIVATIVES, 
AND  OIL  OF  PINE. 

OIL  OF  TURPENTINE,  TERPIN  HYDRATE,  TERPINOL,  TEREBENE,  OIL  OF  PINE,  OLEUM 

PINI  SYLVESTRIS. 

OIL  OF   TUKPENTINE. 

(B.P.  ANDU.S.P.) 

A  limpid,  colourless,  volatile  oil  with  a  strong  odour  and  a  pungent, 
somewhat  bitter  taste.  It  is  obtained  by  distilling  the  oleo-resin  (crude 
turpentine)  which  exudes  from  incisions  made  into  the  Pinus  sylvestris 
and  other  species  of  pinus.  The  residue  left  after  distilling  the  crude 
turpentine  is  resin. 

Composition.  —  Fresh  oil  of  turpentine  consists  chiefly  of  several 
isomeric  terpenes  of  the  formula  C10H16,  the  most  important  of  which  are 
pinene  and  sylvestrene.  These  terpenes  differ  chiefly  in  their  boiling  points 
and  in  their  action  upon  polarised  light ;  they  vary  in  their  relative  pro- 
portions in  oils  obtained  from  different  sources.  On  keeping  and  exposure 
to  air,  oil  of  turpentine  absorbs  oxygen,  becomes  thickened,  and  converted 
into  oleo-resin ;  in  this  state  it  contains  ozone  and  peroxide  of  hydrogen. 
An  aqueous  solution  of  this  oxidised  turpentine  is  a  useful  antiseptic  pre- 
paration known  as  "  Sanitas." 

Pharmacology. — The  effect  of  oil  of  turpentine  depends  largely  upon 
the  dose,  and  the  amount  constituting  a  small,  medium,  or  large  dose  is 
not  absolute,  but  varies  with  the  susceptibility  of  the  individual  and  the 
condition  of  his  excretory  organs.  In  small  doses  (2  to  10  minims),  oil 
of  turpentine  is  a  carminative,  stimulant,  and  astringent.  A  medium  dose 
(10  to  60  minims)  causes  a  sensation  of  warmth  in  the  stomach,  followed 
by  a  feeling  of  exhilaration,  giddiness,  and  sleepiness.  The  force  and 
frequency  of  the  pulse  are  at  first  increased,  but  afterwards  depressed.  In 
some  cases  there  may  be  slight  strangury  and  the  urine  may  contain  a 
little  blood.  After  a  few  hours  the  symptoms  pass  off. 

A  large  dose  (up  to  4  drms.  or  more)  acts  as  a  gastro-intestinal 
irritant,  causing  vomiting  and  purging;  the  stools  may  contain  blood. 
When  a  large  dose  is  absorbed  it  acts  as  a  narcotic  poison  ;  the  symptoms 
resemble  those  of  alcoholic  intoxication,  and  end  in  coma,  which  may  be 
fatal.  The  urine  is  diminished,  often  contains  blood,  and  may  be 
suppressed.  Recovery  has  been  reported  after  4  oz.,  while  i  oz.  has  caused 
death  in  a  child. 

External.  —  Applied  to  the  healthy  skin,  turpentine  causes  redness 
and  a  feeling  of  warmth ;  if  the  action  is  prolonged,  burning  pain  and 
vesication  are  produced.  It  is  therefore  frequently  used  as  a  rube- 
facient  and  counter-irritant.  Applied  to  fresh  wounds,  turpentine  is 
haemostatic,  contracting  the  blood  vessels,  and  aiding  coagulation.  It  is 
fatal  to  the  lower  forms  of  life,  and  therefore  acts  as  a  disinfectant  and 
parasiticide.  It  is  absorbed  from  the  skin,  and  may  produce  toxic  symp- 
toms if  applied  over  a  large  area. 

When  taken  internally,  the  part  excreted  by  the  skin  frequently 
produces  a  papulo-erythematous  rash,  chiefly  on  the  face  and  upper  part 
of  the  body.  Occasionally  vesicles  may  be  found.  A  similar  rash  may 
occur  in  the  neighbourhood  of  a  part  to  which  liniments  of  turpentine 
have  been  applied. 


OIL  OF  TURPENTINE.  555 

One  part  in  75,000  will  hinder  the  development  of  anthrax  bacilli ; 
typhoid  bacilli  are  killed  by  air  saturated  with  turpentine  vapour.  Spores 
of  anthrax  are  killed  by  five  days'  exposure  to  turpentine  oil. 

Internal. — Alimentary  canal. — In  the  mouth  turpentine  has  a  char- 
acteristic nauseous,  pungent,  bitter  taste,  and  causes  a  reflex  flow  of  saliva. 
In  the  stomach  it  acts  as  a  stimulant  in  small  doses,  increases  the  vas- 
cularity,  the  amount  of  secretion,  and  the  activity  of  the  peristaltic 
movements.  Large  doses  act  as  irritants,  and  may  cause  vomiting.  By 
its  antiseptic  properties  it  diminishes  fermentative  changes  in  the  gastric 
contents.  In  the  intestine  the  muscular  coat  is  stimulated  to  regular 
peristaltic  contractions,  tympanitic  distension  is  removed,  gas  expelled, 
and  a  carminative  effect  produced.  In  small  doses  the  astringent  action 
of  turpentine  upon  the  mucous  membrane  may  arrest  intestinal  secretion 
and  relieve  certain  forms  of  diarrhoea.  Haemorrhage  from  the  alimentary 
canal  is  also  relieved  from  the  local  haemostatic  action  of  turpentine  upon 
the  stomach  and  intestines.  In  large  doses  turpentine  acts  as  a  purgative, 
and  is  also  a  powerful  anthelrnintic,  destroying  intestinal  parasites. 
Injected  into  the  rectum  it  destroys  thread-worms,  stimulates  peristalsis, 
and  causes  the  expulsion  of  flatus  and  fneces. 

Circulation.  —  The  first  effect  of  turpentine  upon  the  circulation  is 
stimulant,  the  beat  of  the  heart  increases  in  force  and  frequency,  and 
the  blood  pressure  rises.  The  mechanism  of  this  primary  stimulation  of 
the  circulation  is  not  as  yet  completely  determined.  Three  factors  are 
apparently  concerned  in  its  production,  namely — (1)  a  reflex  stimulation 
from  the  action  of  the  drug  upon  the  alimentary  canal ;  (2)  the  increased 
rate  of  beat  may  be  due  to  direct  action  upon  the  heart,  since  Hare  found 
that  it  occurred  when  turpentine  was  applied  directly  to  the  heart  of  the 
frog,  and  also  in  the  dog,  after  section  of  the  accelerator  nerves  and  vagi ; 
(3)  the  rise  of  blood  pressure  may  be  due  to  a  stimulant  effect  upon  the 
vasomotor  centre,  causing  general  contraction  of  the  peripheral  vessels. 
It  is  possible  that  different  varieties  of  turpentine  which  differ  in  their 
chemical  composition  may  also  differ  in  the  manner  in  which  they  stimulate 
the  circulation  ;  thus  the  experiments  of  Kobert  tended  to  show  that  certain 
European  turpentines  chiefly  acted  upon  the  medullary  centres,  while  the 
experiments  of  Hare  with  American  turpentine  showed  a  more  pronounced 
action  upon  the  heart  itself.  Large  doses  of  turpentine  afterwards  depress 
the  heart  and  paralyse  the  vasomotor  centre,  the  peripheral  vessels  dilate, 
and  the  blood  pressure  falls. 

Injected  into  the  veins,  rapidly  fatal  results  ensue  from  coagulation  of 
the  blood ;  applied  to  a  bleeding  point,  the  blood  vessel  is  contracted  and 
the  blood  coagulated.  Besides  this  local  haemostatic  action,  some  authors 
consider  turpentine  to  be  a  general  haemostatic,  owing  to  the  contraction 
of  the  vessels  and  increased  coagulability  of  the  blood. 

Respiration. — The  effect  of  turpentine  upon  the  mucous  membrane  of 
the  respiratory  tract,  when  locally  applied,  apparently  differs  according  to 
the  form  of  application.  Eossbach  showed  that  undiluted  oil  of  turpentine 
applied  to  the  trachea  caused  dryness,  hyperaemia,  desquamation  of  epi- 
thelium, ecchymosis,  and  croupy  exudation.  Air  saturated  with  the  vapour 
of  the  oil  caused  diminution,  and  finally  cessation  of  the  secretion,  which, 
however,  recommenced  when  the  application  was  discontinued.  When 
applied  in  a  watery  solution  containing  1  to  2  per  cent,  of  oil  of  turpentine, 
the  secretion  was  increased  though  the  blood  vessels  were  contracted,  and 
the  mucous  membrane  became  paler.  These  experiments  may  possibly 
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explain  the  facts  that  turpentine  has  been  found  useful  both  in  diminish- 
ing excessive  bronchial  secretion  and  also  as  an  expectorant.  For  the 
former  purpose  the  drug  should  be  inhaled  from  a  warm  sponge  or 
"  respirator  "  inhaler ;  for  the  latter,  with  the  vapour  of  water,  or  used  as  a 
spray. 

When  taken  internally,  part  of  the  turpentine  is  excreted  by  the 
respiratory  mucous  membrane,  and,  according  to  some  authors,  acts  as  an 
expectorant ;  others,  on  the  contrary,  consider  that  it  diminishes  excessive 
secretion  and  allays  cough.  It  is  quite  possible  that  both  statements  may 
be  true  in  different  pathological  conditions  and  with  different  doses  of  the 
drug.  Whether  locally  applied  or  taken  internally,  the  expectoration  is 
disinfected,  and  ibetor,  if  present,  diminished.  Owing  to  its  haemostatic 
properties,  turpentine,  inhaled  or  internally,  is  useful  in  haemorrhage  from 
the  respiratory  tract.  The  respiratory  centres  are  at  first  stimulated  by 
small  doses,  and  the  respiratory  movements  quickened ;  large  doses  power- 
fully depress  the  respiratory  centre.  In  dogs  the  inhalation  of  oil  of 
turpentine  causes  a  marked  slowing  of  the  respiration. 

Nervous  system. — Small  doses  temporarily  stimulate  the  nervous  system 
— possibly  reflexly.  Larger  doses  act  not  unlike  alcohol,  cause  excite- 
ment, giddiness,  and  confusion  of  vision,  followed  by  languor,  dulness, 
unsteady  gait,  and  sleepiness.  Toxic  doses  cause  paralysis  of  sensory 
nerves,  loss  of  reflex  action,  insensibility,  and  coma. 

Genito-  urinary  organs. — Turpentine  is  excreted  by  the  urine,  partly 
unchanged,  partly  as  terpene  glycuronic  acid.  It  communicates  a  peculiar 
smell  to  the  urine,  usually  compared  to  the  odour  of  violets.  In  small 
doses  the  quantity  of  urine  may  be  increased.  Larger  doses,  and  in  some 
patients  even  small  doses,  irritate  the  kidneys  during  excretion,  cause  pain 
in  the  loins,  and  diminution  in  the  quantity  of  urine,  which  is  of  a  high 
colour  and  often  contains  blood.  Micturition  is  painful,  strangury  is 
frequently  present,  and  sometimes  the  urine  may  be  suppressed.  The 
urine  is  disinfected,  and  discharges  from  the  mucous  membrane  of  the 
urinary  tract  are  diminished  from  the  local  antiseptic  and  astringent  action 
of  turpentine  during  excretion.  It  has  been  detected  in  the  milk  of 
nursing- women. 

Metabolism  is  not  appreciably  affected  by  medicinal  doses.  In  animals 
a  slight  lowering  of  temperature  is  produced,  but  it  is  never  used  as  an 
antipyretic  in  man. 

Absorption  and  excretion. — Turpentine  is  readily  absorbed  from  the 
skin,  respiratory  mucous  membrane,  or  alimentary  canal.  It  circulates 
in  the  body  as  turpentine,  and  may  be  partially  oxidised  at  the  expense  of 
the  blood.  Excretion  takes  place  by  the  respiratory  mucous  membrane, 
to  a  slight  extent  by  the  skin  and  mammary  glands,  by  the  bile  and 
secretions  of  both  small  and  large  intestines,  and  especially  by  the  kidneys, 
some  of  the  drug  being  found  in  the  urine  combined  with  glycuronic  acid, 
the  remainder  unchanged. 

Therapeutics. — External. — Turpentine  is  largely  used  as  a  counter- 
irritant  in  cases  of  painful  affections  of  muscles,  joints,  and  nerves,  such  as 
rheumatism,  rheumatoid  arthritis,  muscular  rheumatism  and  myalgia, 
lumbago,  neuralgia,  and  sciatica.  Also  in  inflammatory  conditions,  such 
as  bronchitis,  pleurisy,  pneumonia,  and  peritonitis.  The  official  liniments 
or  the  pure  drug  may  be  used  for  these  purposes,  but  for  application  to  the 
chest  or  abdomen  turpentine  stupes  {i.e.  flannels  wrung  out  of  hot  water 
and  sprinkled  with  turpentine)  are  usually  preferred.  Applications  must 
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not  be  too  long  continued  or  over  too  wide  an  area,  lest  too  great  irritation 
or  absorption  take  place.  As  a  direct  irritant,  turpentine  is  sometimes 
applied  to  the  edges  of  callous  ulcers,  and  is  a  useful  stimulant  to  the 
scalp  in  alopecia  areata.  As  a  disinfectant,  turpentine  is  exceedingly 
useful  in  cleansing  the  hands  and  skin  before  a  surgical  operation  or 
after  making  post-mortem  examinations.  It  has  also  been  used  as  an 
application  to  sloughing  wounds  and  hospital  gangrene,  and  in  spite  of 
other  and  better  antiseptics  its  cheapness  and  ready  procurability 
occasionally  lead  to  its  employment.  As  a  parasiticide  it  is  useful,  alone 
or  with  other  drugs,  in  ringworm  of  the  scalp,  because  it  penetrates  the 
hair  follicles  more  readily  than  many  other  substances,  owing  to  its 
solvent  power  for  fats.  Unless  carefully  used,  it  may  cause  much 
irritation.  As  a  haemostatic  it  is  sometimes  useful  as  an  emergency 
application  to  recent  wounds  or  oozing  surfaces,  such  as  malignant 
ulcerations. 

Internal. — Turpentine  is  not  now  much  used  internally,  because  of 
its  nauseous  taste  and  the  danger  of  causing  renal  irritation.  It  has  been 
used  for  many  diseased  conditions  with  advantage,  but  for  most  of  these 
we  now  possess  equally  effective  remedies  which  are  less  open  to 
objection. 

Carminative  action. — Owing  to  their  pleasanter  taste,  other  volatile  oils 
are  usually  preferred  for  administration  by  the  mouth.  As  an  enema  (2 
drms.  to  1  oz.  in  15  oz.  of  starch  mucilage),  oil  of  turpentine  is  particularly 
valuable  for  meteorism  and  tympanitic  distension  of  the  abdomen,  and  is 
used  by  some  surgeons  after  abdominal  operations  and  in  the  early  stages 
of  peritonitis.  It  may  also  be  given  with  double  its  bulk  of  olive-oil  as  an 
enema  to  soften  scybalae,  relieve  flatulence,  and  as  a  stimulant  in  narcotic 
poisoning. 

Haemostatic  action. — In  the  htematemesis  from  gastric  ulceration,  tur- 
pentine is  one  of  the  most  valuable  drugs  we  possess.  It  is  given  in  doses 
of  5  to  15  minims  in  emulsion,  frequently  repeated,  until  the  haemorrhage 
ceases.  In  the  intestinal  haemorrhage  from  typhoid  fever  it  is  also  useful, 
its  action  as  a  stimulant  being  of  additional  service  in  these  cases.  In 
haemorrhage  from  dysenteric  ulceration  it  is  sometimes  of  service.  In 
ha'inoptysis,  inhalations,  sprays,  or  5  to  10  minims  internally,  are  often 
useful.  In  haematuria,  apart  from  nephritis,  it  may  be  tried  with  advan- 
tage, and  it  has  been  strongly  recommended  in  purpura. 

Typhoid  fever. — Graves  strongly  recommended  turpentine  as  a  stimulant 
in  continued  fever,  and  Wood  more  recently  endorses  this  classical  opinion. 
It  is  about  the  end  of  the  second  week,  when  the  tongue  becomes  very 
dry,  red,  and  coated  in  the  centre  with  a  brownish  fur,  and  marked 
meteorism  develops,  that  turpentine  in  10  minim  doses  every  two  or  three 
hours  renders  most  service.  The  same  treatment  is  also  valuable  in  the 
later  stages,  when  diarrhoea  persists.  It  has  recently  been  shown  that 
the  typhoid  bacillus  is  killed  by  the  vapour  of  turpentine.  Other  febrile 
diseases,  such  as  pneumonia  and  puerperal  fever,  have  been  treated  in  a 
similar  manner. 

Diarrhoea  and  dysentery  are  occasionally  benefited  by  turpentine, 
especially  the  more  chronic  forms. 

Gall  stones. — Turpentine  is  credited  by  some  with  the  power  of  pre- 
venting the  formation  of  gall  stones,  and  even  of  exercising  a  solvent 
action  upon  them.  It  is  sometimes  given  for  this  purpose,  though  it  is 
doubtful  whether  it  possesses  any  such  action  in  the  doses  which  can 
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safely  be  given.    It  may,  however,  relieve  biliary  colic  by  relaxing  muscular 
spasm. 

Respiratory  system. — In  these  cases,  oleum  pini,  terebene,  and  oleum 
eucalypti,  being  pleasanter  remedies,  are  more  often  used  than  oil  of 
turpentine  for  purposes  of  inhalation.  In  pulmonary  tuberculosis, 
bronchitis,  bronchiectasis,  and  gangrene  of  the  lungs,  and  where  the 
expectoration  is  foetid  and  profuse,  benefit  is  frequently  derived  from  any 
of  these  drugs.  Internally,  5  to  10  minims  may  be  given  three  or  four 
times  a  day  in  the  same  class  of  cases. 

Nervous  system. — The  depressant  action  of  turpentine  upon  the  nervous 
system  is  rarely  made  use  of  in  therapeutics.  By  virtue  of  this  action 
it  has  been  recommended  as  a  hypnotic  in  overwork  and  worry,  in  some 
forms  of  headache,  neuralgia,  and  sciatica  ;  as  an  antispasmodic  in  hysteria, 
and  to  relieve  epilepsy.  In  all  these  conditions  we  have  more  certain  and 
more  convenient  remedies. 

Genito-urinary  system. — Turpentine  in  2  to  5  minim  doses  has  been 
recommended  in  chronic  Bright's  disease  as  a  diuretic.  Its  value  is  doubtful, 
and  it  may  easily  produce  harmful  results.  In  pyelitis,  chronic  cystitis,  and 
gonorrhoea,  other  volatile  oils  (e.g.  copaiba  or  sandal-wood  oil)  are  generally 
preferred,  as  they  may  be  given  in  larger  doses  without  danger.  In  incon- 
tinence of  urine  and  in  spermatorrhoea,  oil  of  turpentine  sometimes  acts 
beneficially. 

Anthelmintic  action. — Turpentine  in  full  doses  is  an  efficient  vermicide 
both  for  the  tapeworm  and  the  round  worm.  If  given,  the  dose  must  be 
sufficiently  large  (2  to  4  drms.),  to  act  as  a  quick  purge,  so  as  to  avoid 
the  danger  of  absorption  ;  it  may  for  this  purpose  be  given  with  castor-oil. 
As  an  enema  it  destroys  thread-worms ;  2  drms.  may  be  administered  in 
mucilage  of  starch. 

Phosphorus  poisoning. — Turpentine  acts  as  an  antidote  in  phosphorus 
poisoning.  Thirty  minims  may  be  given  every  half-hour  for  several  doses. 
Some  authors  say  that  only  the  French  oil  of  turpentine  is  of  value,  as  it 
forms  a  harmless  compound  with  phosphorus.  Others  hold  that  any  old 
oxidised  turpentine  is  efficient ;  but  almost  all  agree  that  fresh  American 
turpentine  is  of  little  if  any  use  (see  p.  423). 

Dose. — For  ordinary  doses,  2  to  10  minims;  as  an  anthelmintic,  3  to  4 
fluid  drms.  in  a  single  dose.  The  oil  may  be  given  as  an  emulsion  with 
twice  its  bulk  of  mucilage  of  acacia,  or  emulsified  with  yolk  of  egg. 
Another  method  is  to  give  it  as  "  turpentine  punch,"  with  a  little  whisky 
or  gin,  hot  water  and  sugar.  A  few  drops  may  be  administered  on  a 
lump  of  sugar,  or  made  into  a  confection  with  powdered  liquorice  and 
honey.  The  U.S.P.  has  an  Oleum  Terebinthinse  Eectificatum,  which  it 
directs  should  always  be  prescribed  when  oil  of  turpentine  is  ordered 
for  internal  use.  Oil  of  turpentine  may  be  inhaled  from  a  warm  sponge, 
or  with  the  vapour  of  water  in  an  ordinary  inhaler.  From  1  drm.  to  1  oz. 
may  be  added  to  thin  starch  mucilage  and  given  as  an  enema. 

The  official  preparations,  B.P.,  are  Linimentum  Terebinthina3,an  emulsion 
with  soft  soap,  camphor,  and  water,  about  65  per  cent. ;  and  Linimentum 
Terebinthinae  Aceticum,  about  44  per  cent,  with  glacial  acetic  acid 
and  camphor  liniment.  The  only  one,  U.S.P.,  is  Linimentum  Tere- 
binthinse. 


OIL  OF  PINE.  559 

TERPIN  HYDRATE. 

(U.S.  P.) 

This  is  a  crystalline  substance  obtained  from  turpentine  by  acting  upon 
it  with  nitric  acid  in  the  presence  of  alcohol.  It  forms  large  rhombic 
crystals,  with  no  smell,  but  a  faint  aromatic  taste;  it  has  the  formula 
b10H18(OH)2,  with  some  water ;  it  is  soluble  1  in  10  of  alcohol  and  1  in  250 
of  water.  Its  dose  is  2  to  6  grs..  in  pills,  cachets,  or  suspended  in  mixtures. 

Action  and  uses. — It  is  given  internally  in  small  doses  as  an  expectorant 
in  bronchitis  ;  in  large  doses  it  is  said  to  check  excessive  bronchial  secretion  ; 
in  doses  of  15  to  40  grs.  per  day  it  has  been  used  in  whooping-cough  and 
hay  fever.  Doses  of  5  or  6  grs.  have  been  used  in  chronic  nephritis. 

TERPINOL  (not  official),  an  oily  body  containing  a  mixture  of  terpenes 
with  an  alcohol  terpineol ;  it  is  obtained  by  the  action  of  dilute  mineral 
acids  on  terpin  hydrate.  Its  dose  is  8  to  15  grs.,  in  pills  or  capsules. 
It  is  used  as  a  stimulant  to  the  bronchial  mucous  membrane  in  place  of 
terpene  hydrate  or  turpentine. 

TEREBENE. 
(B.P.  AND  U.S. P.) 

This  is  a  colourless  volatile  liquid  with  an  agreeable  odour  and  aromatic 
terebinthinate  taste,  obtained  from  oil  of  turpentine  by  the  action  of 
sulphuric  acid  and  subsequent  distillation. 

Composition. — A  mixture  of  dipentene  (C10H10)  and  other  hydro- 
carbons. 

Pharmacology. — That  of  oil  of  turpentine;  terebene  is,  however, 
much  less  disagreeable,  and  is  chiefly  used  for  its  action  upon  the  respira- 
tory mucous  membrane.  In  large  doses  irritation  of  the  kidney,  and 
occasionally  an  erythematous  rash  on  the  skin,  may  be  produced. 

Therapeutics. — External. — As  an  antiseptic  and  sedative  inhalation 
in  phthisis  and  chronic  bronchitis,  especially  with  emphysema,  a  suspen- 
sion may  be  made  by  rubbing  40  minims  of  terebene  with  20  grs.  of  light 
carbonate  of  magnesium,  so  as  to  thoroughly  separate  the  oil  into  fine 
particles,  and  then  adding  1  oz.  of  water.  One  teaspoonful  of  the 
mixture  (i.e.  5  minims  of  terebene)  may  be  added  to  a  pint  of  water  at 
140°  F.,  and  the  vapour  inhaled  for  five  to  ten  minutes.  It  may  also  be 
inhaled  from  a  warm  sponge  or  an  inhaler  of  the  respirator  type,  either 
alone,  or  with  alcohol,  chloroform,  creosote,  or  other  volatile  oils. 

Internal. — Internally  it  is  frequently  given  for  catarrh  of  the  respira- 
tory tract,  winter  cough,  and  similar  conditions.  Occasionally  it  is  used 
for  its  action  upon  the  alimentary  canal  and  the  genito-urinary  tract. 
It  may  be  conveniently  given  in  doses  of  5  to  15  minims,  in  capsules, 
on  sugar,  or  in  emulsion. 

OIL  OF  PINE. 

(B.P.) 

A  colourless  volatile  oil,  called  Oleum  Pini  in  the  Pharmacopeia,  with 
an  agreeable  aromatic  odour  and  a  pungent  taste,  obtained  by  distillation 
from  the  fresh  leaves  of  Pimis  pumilis. 
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Composition. — Like  turpentine,  it  consists  of  a  mixture  of  terpenes — 
pinene,  sylvestrene,  phellandrene,  sesqui-terpene — and  about  5  per  cent,  of 
bornyl  acetate.  The  smell  and  taste  are  much  pleasanter  than  the  smell 
and  taste  of  turpentine. 

Therapeutics. — Acting  like  oil  of  turpentine,  it  is  chiefly  used 
as  a  pleasanter  substitute  for  inhalations  or  sprays  in  cases  of  phthisis, 
chronic  bronchitis,  and  other  diseases  of  the  respiratory  organs.  In- 
ternally it  is  given  for  the  same  diseases  in  doses  of  3  to  5  minims. 

The  presence  of  this  oil  in  the  air  in  districts  covered  by  the 
mountain  pine  is  the  basis  of  the  so-called  "  pine  cure "  establish- 
ments, which  are  undoubtedly  beneficial  in  many  cases  of  pulmonary 
disease. 

OLEUM  PINI  SYLYESTRIS  (not  official),  distilled  from  the  fresh  leaves  of 
the  Scotch  fir  (Pinus  sylvestris),  has  a  pleasant  smell,  and  is  frequently  used 
for  similar  purposes  to  the  oleum  pini. 


II.   OIL  OF  EUCALYPTUS,  AND  OTHER  OILS 
CONTAINING  CINEOL. 

OIL  OP  EUCALYPTUS,  OIL  OF  CAJUPUT,  OIL  OP  ROSEMARY,  OIL  OP  LAVENDER. 

OIL  OF  EUCALYPTUS. 

(B.P.  AND  U.S.P.) 

A  COLOURLESS  or  pale  yellow  volatile  oil,  having  an  aromatic  camphorace- 
ous  odour  and  a  pungent  taste,  with  a  subsequent  sensation  of  coldness. 
It  is  obtained  by  distillation  from  the  fresh  leaves  of  Eucalyptus  gldbulus 
and  other  species. 

Composition.— This  varies  considerably  with  different  oils,  but  the 
chief  constituent  is  cineol,  C10H180  (also  known  as  eucalyptol  and 
cajuputol),  a  phenol  derivative,  combined  with  terpenes — chiefly  pinene 
and  phellandrene — and  organic  aldehydes.  The  pharmacopreial  tests  pro- 
vide for  the  presence  of  a  due  proportion  of  cineol  and  the  absence  of 
excess  of  phellandrene. 

Pharmacology.— Oil  of  eucalyptus  closely  resembles  oil  of  turpen- 
tine in  its  action  upon  the  tissues  and  organs ;  it  is,  however,  believed  to 
possess  in  addition  antiperiodic  properties.  A  dose  of  10  to  30  minims 
causes  a  feeling  of  warmth  in  the  mouth  and  stomach,  slight  increase  in 
physical  and  mental  activity,  soon  followed  by  a  sedative  effect.  The 
force  and  frequency  of  the  pulse  are  increased,  and  occasionally  there  is 
palpitation  and  headache.  Not  infrequently  a  laxative  effect  is  produced, 
and  several  loose  motions  occur,  which  have  the  odour  of  the  oil.  Large 
doses  cause  symptoms  of  depression,  there  is  a  fall  of  temperature,  the 
pulse  is  slowed  and  weakened,  the  limbs  feel  numb  and  heavy,  and  the 
muscles  are  feeble.  In  animals,  hypodermic  injection  causes  excitement, 
followed  by  loss  of  power  of  walking,  respirations  are  slow  and  irregular, 
muscular  weakness  becomes  extreme,  and  death  occurs  from  respiratory 
failure. 

External. — Eucalyptus  oil  is  a  rubefacient,  but  less  irritant  than  oil 
of  turpentine  ;  if  evaporation  be  prevented,  it  will  cause  vesication.  It  is 
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an  antiseptic  and  disinfectant,  like  other  volatile  oils.  Upon  low  forms  of 
life  eucalyptus  is  more  destructive  than  quinine. 

Internal. — Alimentary  canal. — Here  it  acts  like  small  doses  of  turpen- 
tine. 

Nervous  system. — It  is  a  more  marked  depressant  than  turpentine ; 
consciousness  is,  however,  longer  retained.  In  animals  poisoned  by 
eucalyptus,  the  motor  nerves  and  muscles  respond  to  stimulation  after 
death ;  the  paralysis  is  therefore  believed  to  be  due  to  paralysis  of  the 
spinal  cord  and  medulla. 

Circulation. — Like  turpentine  it  is  depressant  after  the  primary  stimula- 
tion. The  arterial  pressure  in  animals  falls  after  section  of  the  spinal  cord, 
section  of  the  vagi,  or  after  atropine,  therefore  the  drug  is  believed  to  act 
directly  upon  the  heart.  The  isolated  heart  of  the  frog  is  also  depressed 
by  eucalyptus.  The  white  blood  corpuscles  are  restricted  in  their  move- 
ments, diapedesis  prevented,  and  pus  formation  diminished ;  this  action  can 
be  demonstrated  in  the  mesentery  of  the  frog.  Slight  changes  are  stated 
to  occur  also  in  the  red  blood  corpuscles,  the  surface  of  which  appears 
wrinkled,  and  the  nucleus — when  present — more  distinct. 

Respiration. — The  action  of  eucalyptus  is  similar  to  that  of  turpentine. 

Spleen. — Like  quinine,  eucalyptus  has  the  power  of  causing  contraction 
of  the  spleen.  In  malaria,  though  antiperiodic,  it  is  distinctly  less  power- 
ful than  quinine. 

Genito-urinary  system. — The  action  is  similar  to  that  of  turpentine,  but 
less  irritant  in  medicinal  doses.  The  amount  of  urine  may  be  increased, 
and,  according  to  some  observers,  there  is  an  increase  in  the  excretion 
of  urea. 

Temperature. — The  temperature  is  lowered  by  large  doses. 

Absorption  and  elimination. — Like  oil  of  turpentine,  it  is  readily 
absorbed  from  the  skin,  respiratory  mucous  membrane,  and  alimentary 
canal,  and  eliminated  by  the  skin,  the  breath,  and  the  kidneys.  Binz  states 
that  one  and  a  half  hours  after  a  dose  of  75  minims  the  urine  smelled  of 
eucalyptus,  the  breath  had  the  same  odour,  and  the  perspiration  a  smell 
similar  to  arnyl  alcohol ;  it  is  a  slight  diaphoretic. 

Therapeutics. — External. — Eucalyptus  oil  is  used  as  a  surgical 
dressing  in  the  form  of  gauze  and  ointment ;  the  former  sometimes  causes 
irritation.  Ointments  of  eucalyptus,  e.g.  Unguentum  Eucalypti  (B.P.), 
are  sometimes  useful  in  chronic  eczema  and  other  diseases  of  the  skin. 
Solutions  in  water  are  sometimes  used  as  lotions,  and  injections  for 
gonorrhoea  and  leucorrhoaa ;  for  this  purpose  oil  which  has  been  partially 
oxidised  by  exposure  to  air  and  light  is  preferable.  Similar  solutions  may 
be  used  as  a  spray  in  oztena,  laryngeal  diseases,  and  diphtheria. 

Dissolved  in  liquid  paraffin,  it  may  be  used  in  an  atomiser,  or  applied  as 
a  paint  to  the  mucous  membrane  of  the  nose  or  throat.  Diluted  with  an 
equal  part  of  olive-oil,  it  forms  a  mild  rubefacient  liniment  for  rheumatism 
and  similar  conditions.  Half  this  strength  forms  a  useful  application  to 
the  skin  in  the  desquamative  stage  of  scarlet  fever,  if  the  kidneys  are 
intact.  Inhaled,  it  is  a  pleasant  and  useful  remedy  in  phthisis,  bronchitis, 
gangrene  of  the  lung,  and  ozaena.  Some  authorities  also  recommend  a 
similar  continued  inhalation  of  the  vapour  of  eucalyptus  in  diphtheria, 
scarlet  fever,  whooping-cough,  and  influenza ;  for  the  latter  it  is  a  popular 
prophylactic,  but  its  efficacy  is  probably  no  greater  than  that  of  other 
volatile  oils.  It  may  be  inhaled  from  a  sponge  or  handkerchief,  or  dissolved 
in  an  equal  quantity  of  alcohol,  and  10  to  60  minims  of  the  solution  added 
36 
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to  hot  water  in  an  ordinary  inhaler.  Bougies  and  pessaries  are  made  with 
eucalyptus,  and  are  sometimes  useful ;  it  is  often  combined  with  iodoform 
for  this  purpose,  and  certainly  helps  to  cover  the  smell  of  the  more  active 
drug.  In  cancer  of  the  rectum  or  uterus  the  local  application  of  eucalyptus 
frequently  diminishes  the  amount  and  foe  tor  of  the  discharges.  It  is  also 
an  efficient  vermicide  for  thread-worms  when  injected  into  the  rectum. 

Internal. — Occasionally  it  is  used  as  a  carminative  and  as  a  stimulant 
antiseptic  for  dilated  stomach  and  chronic  gastric  catarrh.  An  emulsion 
may  be  made  with  gum  arabic  and  water  containing  1  to  2  minims  of  the 
oil  in  each  drm.,  or  a  tincture  made  from  the  leaves  (Brit.  Pharm.  Conference 
formula)  is  administered  in  doses  of  15  to  120  minims.  For  bronchitis  and 
phthisis,  with  profuse  foetid  expectoration,  it  may  be  used  with  advantage 
internally  as  well  as  by  inhalation. 

It  has  been  given  internally  as  well  as  by  hypodermic  injection  (1  in  4 
of  olive-oil,  25  minims  of  the  mixture  for  each  injection)  for  pyaemia, 
septictemia,  and  puerperal  fever,  in  some  cases  with  apparent  benefit.  It 
is  believed  to  act  as  an  antipyretic  and  antiseptic  in  these  cases,  and  has 
also  been  recommended  in  typhoid  and  scarlet  fevers. 

In  malaria,  eucalyptus  has  been  largely  used,  and  the  results  recorded 
by  various  observers  differ  widely.  There  seems  to  be  no  doubt  that,  while 
possessing  some  antiperiodic  properties,  it  is  much  inferior  to  quinine,  and 
its  chief  use  in  malaria  is  for  cases  where  the  latter  drug  cannot  be  admini- 
stered owing  to  idiosyncrasy  or  some  other  centra-indication.  The  value 
of  planting  eucalyptus  trees  in  malarial  districts  is  probably  due  to  the 
drying  of  the  soil  by  the  large  amount  of  water  withdrawn  from  it  by  the 
rapidly  growing  tree,  rather  than  to  any  action  of  the  eucalyptus  oil  on  the 
surrounding  atmosphere. 

Like  many  other  volatile  oils,  eucalyptus  is  sometimes  administered 
internally  in  pyelitis,  catarrh  of  the  bladder,  and  gonorrhoea.  Its  action  is 
often  beneficial,  and  its  irritating  effect  on  the  kidneys  is  less  than  that  of 
turpentine.  The  dose  is  \  to  3  minims. 

CINEOL,  OR  EUCALYPTOL,  is  obtainable,  and  is  occasionally  used  in  place 
of  the  oil,  especially  for  inhalations  and  solution  in  liquid  paraffin. 

OIL  OF  CAJUPUT. 
(B.P.  AND  U.S. P.) 

A  bluish  green  volatile  oil  with  an  agreeable  camphoraceous  odour  and 
a  bitterish  aromatic  taste.  Obtained  by  distillation  from  the  leaves  of 
Melaleuca  Icucadendron. 

Composition. — Very  similar  to  eucalyptus  oil,  as  it  contains  50  to  70 
per  cent,  of  cineol  (eucalyptol  or  cajuputol),  together  with  pinene,  other 
terpenes,  and  esters. 

Therapeutics. — The  action  of  cajuputol  is  very  similar  to  that  of 
turpentine  and  eucalyptus ;  it  is,  however,  more  carminative  than  either. 
As  a  rubefacient  it  is  intermediate  between  the  two.  It  is  not  supposed 
to  possess  antiperiodic  properties. 

External. — Mixed  with  olive-oil  (1  to  2)  it  is  a  useful  and  pleasant 
counter-irritant,  used  chiefly  for  rheumatic  joints,  muscular  pain,  and 
periosteal  inflammation.  It  is  used  as  a  stimulant  application  to  the  skin 
in  chilblains,  chronic  eczema,  and  psoriasis,  and  has  been  particularly 
recommended  in  acne  rosacea.  As  an  irritant  and  parasiticide  it  is  a  useful 
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application  iu  ringworm  of  the  scalp ;  the  pure  oil  may  be  used,  firmly 
rubbed  in  until  signs  of  irritation  appear.  It  may  also  be  used  in 
ointments  to  promote  the  growth  of  hair  in  baldness.  Applied  on  cotton- 
wool to  the  cavity  of  a  carious  tooth,  it  relieves  pain  like  oil  of  cloves. 

Internal. — It  is  chiefly  used  as  a  carminative,  antispasmodic  and  reflex 
stimulant  in  cases  of  colic  and  flatulent  distension  of  the  stomach  and 
intestines ;  for  this  purpose  it  is  one  of  the  most  powerful  of  the  volatile 
oils.  In  hysteria  it  is  an  especially  good  antispasmodic,  and  is  very  useful 
in  relieving  the  pain  of  dysmenorrhoea.  Like  turpentine  it  may  be  given 
as  a  stimulant  in  low  forms  of  fever,  20  minims  of  the  Spiritus  Cajuputi 
(B.P.)  in  sherry  wine  every  hour,  or  1  to  3  minims  of  the  oil  on  lump 
sugar,  or  in  an  emulsion.  At  one  time  cajuput  was  given  for  cholera 
and  for  chronic  rheumatism,  but  its  value  has  not  been  proved.  It  has 
also  been  used  as  a  vermicide. 

OIL   OF   KOSEMAKY. 

(B.P.  AND  U.S. P.) 

A  colourless  or  pale  yellow  volatile  oil  with  a  pleasant  odour  of  rose- 
mary and  a  warm  camphoraceous  taste ;  it  is  distilled  from  the  flowering 
tops  (B.P.)  or  leaves  (U.S.P.)  of  Rosmarinus  qfficinalis. 

Composition. — Chiefly  pinene,  cineol,  borneol  (10  to  15  per  cent.),  and 
other  substances. 

Therapeutics. — Its  action  is  very  similar  to  that  of  the  other 
volatile  oils,  but  it  is  rarely  used  except  for  external  application,  to  give 
a  pleasant  odour  to  liniments  and  lotions,  and  aid  in  their  stimulant 
action.  In  stimulant  lotions  to  promote  the  growth  of  hair  it  is  a 
common  ingredient,  and  often  combined  with  cantharides;  likewise  it  is 
used  in  parasiticidal  applications  for  pediculi  capitis  and  the  acarus 
scabiei.  It  is  also  a  pleasant  addition  to  lotions  for  facial  acne,  and 
is  believed  to  have  a  special  beneficial  action.  It  is  sometimes  used 
as  a  carminative  in  flatulence  and  colic,  and  as  a  stimulant  in  hysterical 
conditions. 

The  dose  is  i  to  3  minims.  It  may  be  given  as  Spiritus  Eosmarini 
(B.P.)  (1  in  10).  ~ 

OIL  OF  LAVENDER. 

(B.P.  AND  U.S.P.) 

A  pale  yellow  volatile  oil  with  a  fragrant  odour  of  lavender  flowers 
and  a  pungent  bitter  taste ;  it  is  obtained  by  distillation  from  the  flowers 
of  Lavendula  vera  (B.P.)  officinalis  (U.S.P.). 

Composition. — Cineol,  linalool,  and  linolyl  acetate  are  the  most  im- 
portant constituents. 

Therapeutics. — Its  action  is  very  similar  to  that  of  oil  of  rose- 
mary; it  is  more  frequently  used,  however,  internally  as  a  carminative, 
and  is  sometimes  added  to  purgative  pills  to  diminish  griping  and  colic. 
In  hysterical  and  other  nervous  conditions  it  is  a  pleasant  antispasmodic, 
and  is  used  as  a  stimulant  in  fainting.  Lavender  gives  a  pleasant  smell 
to  lotions,  liniments,  and  ointments.  Lavender  water,  which  is  a  solution 
of  the  oil  in  spirit  with  other  volatile  substances,  is  a  well-known  perfume 
and  deodorant. 

The  dose  of  the  oil  is  i  to  3  minims.  The  official  preparations  are 
Spiritus  Lavendula;  (B.P.  and  U.S.P.).  Tinctura  Lavendulse  Composita 
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(B.P.  and  U.S.P.),  a  tincture  frequently  used  to  colour  mixtures,  as  it  is 
coloured  red  by  sauders  wood. 

III.  OIL  OF  MUSTAKD  AND  OTHER  POWERFUL  LOCAL 

IRRITANTS. 

MUSTARD  AND  OIL  OF  MUSTARD,  CAPSICUM,  ARNICA,  MEZEREON. 

WHITE  AND  BLACK  MUSTARD,  VOLATILE  OIL  OF  MUSTARD. 
(B.P.  AND  U.S.P.)  (B.P.  AND  U.S.P.) 

The  dried  ripe  seeds  of  Brassica  alba,  and  B.  nigra  are  called  Sinapis 
Alba  and  Sinapis  Nigra  in  the  Pharmacopoeia.  When  powdered  and  mixed, 
they  form  a  greenish  yellow  powder  with  a  pungent  bitter  taste,  inodorous 
when  dry,  but  exhaling  a  characteristic  pungent  odour  when  mixed  with 
water. 

Composition. — Both  varieties  contain  a  bland  fixed  oil,  a  ferment 
myrosin,  and  a  glucoside ;  the  latter  differs  in  the  two  varieties.  In  white 
mustard  the  glucoside  is  termed  Sinalbin,  and  in  presence  of  water  this  is 
broken  up  by  the  myrosin  into  acrinyl  sulphocyanate,  sinapin  sulphate, 
and  glucose.  In  black  mustard  the  glucoside  is  termed  Sinigrin,  which  is 
similarly  decomposed,  the  products  being  allyl  sulphocyanate  (volatile  oil 
of  mustard),  acid  sulphate  of  potassium,  and  glucose. 

The  volatile  oil  is  obtained  from  black  mustard  seeds  only,  by  macer- 
ating with  water  and  distilling.  It  is  a  pale  yellow  oil,  with  an  intensely 
penetrating  odour  and  very  acrid  taste.  It  is  Iso-sulphocyanate  of  allyl, 
C3H.NCS. 

Pharmacology.  —  External.  —  When  moistened  with  water  and 
applied  to  the  skin,  mustard  is  a  powerful  irritant :  the  vessels  are  dilated, 
the  skin  reddened,  and  pain  is  produced ;  if  the  application  is  prolonged, 
vesicles  are  formed,  and  may  even  be  followed  by  sloughing.  The  volatile 
oil  causes  immediate  vesication,  if  applied  to  the  skin  undiluted.  It  is, 
according  to  Koch's  experiments,  one  of  the  most  powerful  volatile  oils  in 
preventing  the  growth  of  micro-organisms. 

Internal. — Mustard  is  a  stimulant  to  the  mouth  and  stomach,  increas- 
ing the  feeling  of  appetite,  but  it  is  said  not  to  increase  the  secretion  of 
gastric  juice.  In  large  doses  (one  to  two  teaspoonfuls)  it  acts  promptly  as 
a  direct  emetic,  and  is  not  followed  by  depression.  Upon  the  organs  and 
tissues,  mustard,  in  ordinary  doses,  has  no  marked  effect;  very  large  doses 
of  the  oil  were  found  by  Mitscherlich  to  be  fatal  to  rabbits,  causing  at 
first  increased  rapidity  of  heart-beat,  then  diminution,  difficulty  of  breath- 
ing, insensibility,  fall  of  surface  temperature,  and  death.  After  death  the 
stomach  and  intestines  were  found  to  be  reddened  but  only  slightly 
inflamed,  and  the  epithelium  destroyed.  The  kidneys  were  hyperfemic. 
The  blood  had  the  smell  of  mustard,  the  urine  more  that  of  horse-radish. 
During  life  the  expired  air  had  also  the  smell  of  mustard. 

Therapeutics. — External. — Mustard  is  one  of  the  most  useful  local 
applications  where  an  irritant  or  counter-irritant  effect  is  required ;  it  is 
readily  available,  and  the  severity  of  the  application  can  be  accurately 
controlled.  When  it  is  desired  to  dilate  the  vessels  over  a  large  area  of 
the  skin,  in  order  to  relieve  internal  congestion  and  produce  a  so-called 
"  derivative "  action,  the  mustard  bath  made  by  adding  from  one  to  four 
teaspoonfuls  of  powdered  mustard  to  each  gallon  of  hot  water,  is  a  most 
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useful  application.  A  general  bath  is  chiefly  used  for  children  in  the 
early  stages  of  febrile  diseases  or  bronchitis,  a  sitz  bath  before  the 
expected  period  is  useful  in  amenorrhoea,  and  a  foot  bath  (which  ought  to 
reach  nearly  to  the  knees)  will  frequently  relieve  congestive  headaches,  the 
flushings  and  nervous  symptoms  so  common  at  the  menopause,  and  is  also 
used  in  place  of  the  sitz  bath  for  amenorrhoea. 

A  mustard  poultice  is  more  active  than  the  bath  ;  it  is  made  by  taking 
equal  parts  of  mustard  powder  and  linseed  meal;  the  latter  is  mixed 
with  boiling  water  to  the  consistence  of  a  paste,  and  then  the  mustard 
gradually  added  with  constant  stirring ;  in  many  cases,  and  for  children, 
half  or  a  quarter  of  this  amount  of  mustard  is  sufficient.  The  poultice  is 
applied  for  four  to  six  hours,  and  after  removal  the  skin  should  be  gently 
sponged  with  warm  water  and  protected  from  friction  by  a  thin  layer 
of  cotton  wadding.  In  bronchitis,  pleurisy,  or  pneumonia,  a  "jacket 
poultice  "  may  be  applied  to  the  whole  chest,  or  to  the  back,  front,  or 
lateral  aspect  only ;  the  larger  the  poultice  the  better  is  the  effect  upon 
the  internal  organs.  The  front  of  the  abdomen  in  disease  of  the  abdominal 
viscera,  and  the  loins  in  kidney  disease,  are  also  parts  of  the  body  to  which 
mustard  poultices  may  be  applied  with  benefit. 

Mustard  plasters  or  sinapisms  are  made  by  mixing  mustard  with  warm 
or  tepid  water  to  a  smooth  paste,  which  is  spread  upon  linen  or  brown 
paper  and  applied  to  the  skin ;  a  layer  of  muslin  or  thin  unglazed  paper 
can  be  interposed  between  the  skin  and  the  mustard  without  loss  of  effect, 
and  prevents  particles  adhering  to  the  skin.  Boiling  water,  vinegar,  or 
spirit  should  not  be  used  to  mix  the  sinapism,  as  they  prevent  the 
development  of  the  volatile  oil.  The  application  should  be  continued 
for  twenty  to  thirty  minutes,  in  children  ten  to  twenty  minutes,  the  skin 
gently  sponged  with  warm  water,  and  either  powdered  with  starch  or 
violet  powder,  or  vaseline  applied.  Sinapisms  are  used  to  relieve  pain  in 
pleurisy,  neuralgia,  sciatica,  rheumatism,  and  many  other  conditions,  and 
are  best  applied  a  little  distance  away  from  the  seat  of  pain ;  to  relieve 
headache,  they  are  applied  to  the  nape  of  the  neck ;  to  stimulate  the  heart 
in  threatened  syncope,  a  large  synapism  is  applied  over  the  pnecordial 
region ;  they  are  also  applied  to  the  calves  of  the  legs  and  other  parts 
of  the  body,  to  rouse  the  nervous  system  in  narcotic  poisoning;  to  the 
epigastrium  in  persistent  vomiting,  and  to  the  loins  in  suppression  of  urine. 

The  Charta  Sinapis  (B.P.  and  U.S.P.),  or  mustard  leaves,  are  cleanly 
substitutes  for  plasters,  but  ought  not  to  be  kept  too  long  before  use ;  they 
only  require  to  be  dipped  in  tepid  water  and  applied  to  the  skin. 

Either  the  official  liniment  or  the  compound  liniment  may  be  used  as 
an  irritant  to  the  scalp  in  alopecia  areata,  and  also  for  the  relief  of  pain 
as  a  counter-irritant. 

Internal. — Besides  its  use  as  a  condiment,  mustard  is  chiefly  used  as 
a  direct  emetic  in  cases  of  narcotic  poisoning :  one  to  four  teaspoonfuls 
may  be  given  in  half  a  pint  of  warm  water,  and  is  rapid  and  effectual 
in  its  action.  White  mustard  seeds  have  some  reputation  as  an  em- 
men  agogue. 

CAPSICUM  FRUIT. 
(B.P.  AND  U.S. P.) 

The  dried  ripe  fruit  of  Capsicum  minimum  (B.P.),  C.  fastiyiatum 
(U.S.P.).  Orange-red  in  colour,  with  a  characteristic  odour  and  intensely 
pungent  taste.  When  powdered,  it  forms  red  or  cayenne  pepper. 
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Composition. — Capsaicin,  C9H14O.,,  a  crystalline,  volatile,  and  very 
acrid  substance ;  capsicine,  a  volatile  alkaloid,  having  the  odour  of  conine ; 
a  volatile  oil  and  resin ;  a  fixed  oil  and  colouring  matter. 

Therapeutics. — External. — Capsicum  is  a  more  powerful  irritant 
to  the  skin  than  most  of  the  volatile  oils ;  it  causes  smarting  pain,  and 
if  the  action  is  prolonged  destroys  the  cuticle.  The  Unguentum  Capsici 
(B.P.)  is  a  useful  counter-irritant  in  diseases  of  the  chest,  neuralgia, 
muscular  pains,  and  joint  diseases. 

Internal. — Internally,  capsicum  acts  in  a  similar  manner  to  other 
volatile  oils,  and  is  frequently  used  as  a  condiment.  Small  doses  of  the 
official  tincture  are  given  in  atonic  dyspepsia,  especially  in  alcoholic  sub- 
jects ;  it  is  believed  to  diminish  the  craving  for  alcoholic  stimulants.  The 
powdered  fruit  is  sometimes  added  to  tonic  pills,  and  is  usefully  combined 
with  opium  and  camphor  in  a  pill  for  chronic  forms  of  diarrhoea.  The 
dose,  usually  given  in  a  pill,  is  ^  to  1  gr. 

The  tincture,  much  diluted  (two  teaspooiifuls  to  the  pint  of  water),  is 
used  as  a  gargle  for  relaxed  throat,  and  is  often  added  to  stimulating 
applications  for  promoting  the  growth  of  hair. 

ARNICA. 
(B.P.  AND  U.S. P.) 

The  rhizome  and  rootlets  of  Arnica  montana  (B.P.  and  U.S.P.)  and 
the  flower  heads  of  A.  montana  (U.S.P.).  Arnica  contains  a  complex 
volatile  oil  and  a  yellow  amorphous  body,  arnicin,  which  is  active.  In 
Germany  the  flowers  are  chiefly  used. 

Therapeutics. — External. — Arnica  is  an  irritant  to  the  skin,  and 
may  set  up  severe  inflammatory  action.  In  a  dilute  solution  it  is  supposed 
to  cause  absorption  of  inflammatory  exudation  and  effused  blood.  As  a 
lotion  for  sprains  and  bruises  it  is  a  very  popular  application;  i  oz.  of 
the  tincture  to  the  pint  of  water  is  the  usual  strength.  It  ought  never 
to  be  used  if  the  skin  is  broken,  and  very  cautiously  in  patients  with 
sensitive  skins.  Some  patients  appear  to  have  a  special  idiosyncrasy 
in  respect  to  arnica ;  this  is  often  marked  in  gouty  constitutions. 

Internal. — Internally  it  is  rarely  used,  but  has  been  given  for  nervous 
diseases,  asthenic  types  of  fever,  and  delirium  tremens.  Its  effects  are  too 
uncertain  to  render  it  of  much  therapeutic  value,  but  in  small  doses  it  has 
the  action  of  volatile  oils.  Large  doses  cause  irritation  of  the  stomach  and 
intestines,  headache,  unconsciousness,  fall  of  temperature,  paralysis  of  the 
nervous  system,  and  sometimes  death.  In  dogs  the  heart  is  slowed  by  small 
and  quickened  by  large  doses,  the  vagus  being  first  stimulated,  afterwards 
paralysed. 

MEZEREUM  BARK. 
(B.P.  AND  U.S.P.) 

The  dried  bark  of  Daphne  mezereon  and  other  species.  It  contains  an 
acrid  volatile  oil  and  resin,  and  a  bitter  glucoside.  It  is  contained  in  the 
concentrated  compound  solution  of  sarsaparilla  (B.P.),  and  in  the  decoction 
and  fluid  extract  of  sarsaparilla  (U.S.P.). 

Therapeutics. — External. — It  is  a  powerful  local  irritant,  causing 
redness  and  vesication.  The  bark  soaked  in  vinegar  and  water,  then 
bound  on  the  skin,  has  been  used  as  a  blistering  agent. 

Internal. — In  large  doses  it  is  an  irritant  poison ;  in  small  doses  a 
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stimulant  and  diaphoretic,  and  is  supposed  to  have  alterative  properties. 
A  small  piece  of  bark  chewed  acts  as  a  sialagogue.  It  is  rarely  given,  save 
combined  with  sarsaparilla,  as  an  alterative  in  syphilis,  chronic  rheumatism, 
and  chronic  skin  diseases  ;  its  value  in  these  conditions  is  very  doubtful. 


IV.     AROMATIC  VOLATILE  OILS,   CHIEFLY   USED  FOR  THEIR 
ACTION   ON  THE  ALIMENTARY   CANAL. 

CLOVES,  PIMENTO,  NUTMEG,  BLACK  PEPPER,  GINGER,  CORIANDER,  CARDAMOMS, 
PEPPERMINT,  SPEARMINT,  ANISE,  FENNEL,  CARAWAY,  SUMBUL,  PYRETHRUM, 
ELDER  FLOWERS,  CINNAMON,  CHAMOMILE,  MATRICARIA,  VALERIAN  AND 
VALERIANATES,  CYPRIPEDIUM,  HORSE-RADISH,  DILL,  OIL  OP  ERIGERON,  OIL 
OP  THYME. 

Pharmacology. — These  aromatic  volatile  oils  are  only  used  medi- 
cinally in  small  doses,  which  act  locally  upon  the  alimentary  canal,  and 
produce  reflex  stimulation  of  the  circulation  and  the  central  nervous 
system.  In  very  large  doses  they  are  toxic,  and  act  as  gastro-intestinal 
irritants,  causing  abdominal  pain,  vomiting,  and  diarrhoea  ;  after  absorption 
they  act  upon  the  nervous  system  as  narcotic  poisons.  Injected  into  the 
circulation,  they  rapidly  depress  the  heart.  They  all  have  parasiticidal  and 
antiseptic  properties. 

External. — Skin. — All  these  volatile  oils  are,  when  locally  applied, 
stimulants  and  irritants,  causing  redness  and  dilatation  of  the  vessels, 
burning  or  smarting  pain,  which  is  in  most  cases  followed  by  local 
ana-sthesia.  If  evaporation  is  prevented,  the  local  effects  are  more  severe, 
and  vesication  may  sometimes  be  caused. 

Internal. — Alimentary  canal. — In  the  mouth  the  nerves  of  taste  and 
smell  are  powerfully  stimulated,  and  reflex  flow  of  saliva  and  gastric  juice 
is  produced.  There  is  a  feeling  of  warmth  in  the  oral  mucous  membrane, 
redness  and  dilatation  of  the  vessels,  and  subsequently  some  local  anaes- 
thesia. In  the  stomach  and  intestines  the  vessels  are  dilated,  a  sensation 
of  warmth  is  felt  at  the  epigastrium,  the  secretions  increased,  appetite  and 
digestion  improved.  The  peristaltic  movements  are  stimulated,  flatulence 
is  expelled,  cramp  and  colic  relieved.  From  these  actions  the  aromatic 
volatile  oils  are  important  stomachics  and  powerful  carminatives.  They  also 
prevent  decomposition  in  the  alimentary  canal  from  their  antiseptic  action. 

Circulation. — In  medicinal  doses  the  heart  is  stimulated  reflexly,  to 
some  extent  also,  perhaps,  directly,  after  absorption;  this  stimulation  is 
only  of  short  duration.  In  the  blood  the  number  of  white  corpuscles  is 
increased.  Some  authorities  believe  this  leucocytosis  to  be  due  to  the 
dilatation  of  the  abdominal  vessels  causing  a  larger  number  of  white 
corpuscles  to  pass  into  the  general  circulation. 

Respiration  is  slightly  stimulated,  and  as  the  volatile  oils  are  excreted 
by  the  mucous  membrane  they  act  as  antiseptic  expectorants. 

Nervous  system. — The  spinal,  medullary,  and  cerebral  centres  are  at 
first  stimulated,  chiefly  reflexly,  afterwards  depressed,  if  the  dose  has  been 
sufficient.  Spasmodic  muscular  contractions,  as  colic,  hiccough,  and  cramp, 
are  relieved,  and  hysterical  manifestations  subdued. 

Genito-urinary  system. — This  is  hardly  influenced  by  small  medicinal 
doses ;  owing  to  their  excretion  with  the  urine,  these  volatile  oils  may 
act  as  renal  stimulants  and  disinfectants  of  the  mucous  membrane  of  the 
urinary  tract  when  administered  in  larger  doses. 
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Absorption  and  excretion. — They  may  be  absorbed  from  the  skin, 
respiratory  mucous  membrane,  and  alimentary  canal.  In  the  blood  partial 
oxidation  takes  place,  and  the  oxidised  products,  with  the  unaltered  portion 
of  the  drug,  are  excreted  chiefly  by  the  urine  and  with  the  expired  air;  a 
small  portion  may  pass  out  through  the  skin,  and  some  may  be  re-excreted 
into  the  alimentary  canal. 

Therapeutics. — The  aromatic  volatile  oils  included  in  this  group 
are  occasionally  used  for  their  action  upon  the  skin,  circulation,  respiration, 
nervous  system,  and  genito-urinary  organs.  Their  chief  action  is  on  the 
alimentary  canal,  and  they  are  largely  used  as — (1)  Flavouring  agents,  to 
cover  the  taste  of  nauseous  medicines,  and  enable  them  to  be  more  easily 
retained  by  the  stomach.  (2)  Stomachics,  to  improve  digestion  and  in- 
crease appetite,  especially  for  cases  of  atonic  dyspepsia  and  general  debility  ; 
for  this  purpose  they  are  often  combined  with  bitters,  acids,  or  alkalies. 
In  inflammatory  diseases  of  the  stomach  they  require  ,to  be  given  with 
care.  (3)  Antiseptics,  to  prevent  fermentation  in  dilated  stomach  and 
certain  forms  of  indigestion.  (4)  Carminatives,  to  relieve  the  pain  of 
gastric  or  intestinal  colic,  to  expel  flatulence  and  dimmish  tympanitic 
distension,  and,  added  to  purgatives,  to  diminish  the  pain  and  griping,  and 
aid  regular  peristaltic  contractions.  (5)  They  are  used  in  cookery  in  the 
form  of  spices,  and  taken  with  meals  as  condiments,  to  aid  in  the  digestion 
of  foods  less  easily  assimilated,  and  to  give  a  relish  to  insipid  dishes. 

Many  of  these  volatile  oils  have  special  uses  in  addition  to  those  given 
above.  Such  special  uses  will  be  mentioned  in  the  account  of  each  drug ; 
the  general  action  and  uses  already  given  being  applicable  to  all,  though 
some  of  the  drugs  are  more  powerful  than  others.  The  dose  of  all  these 
volatile  oils  is  \  to  3  minims. 

CLOVES. 

(B.P.    AND   U.S. P.) 

The  dried  flower  buds  (B.P.)  (fruit,  U.S.P.)  of  Eugenia  caryophyllata 
(B.P.),  E.  Aromatica  (U.S.P. ).  They  have  a  peculiar  spicy  odour,  and  contain 
the  volatile  oil,  with  other  substances. 

OIL  OF  CLOVES. 
(B.P.  AND  U.S.P.) 

Oleum  Caryophylli  is  obtained  by  distillation  from  cloves. 

Composition. — The  chief  constituent  of  the  oil  is  eugenol,  C10H1202. 
Chemically  it  is  a  phenol  derivative,  and  it  forms  from  80  to  95  per 
cent,  of  the  oil.  A  sesquiterpene,  caryophillene,  C]5H24,  and  other  bodies 
are  also  present. 

Therapeutics. — In  addition  to  the  general  uses,  oil  of  cloves  has  an 
anaesthetic  action  in  relieving  toothache  when  applied  to  the  cavity  of  a 
carious  tooth  on  a  small  pledget  of  cotton-wool.  From  its  physical  pro- 
perties it  is  largely  used  in  the  preparation  of  microscopical  specimens. 

PIMENTO. 
(B.P.  AND  U.S.P.) 

The  dried  fruit  of  Pimento,  officinalis,  the  Allspice.  It  contains  the 
volatile  oil. 
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OIL  OF  PIMENTO. 
(B.P.  AND  U.S.P.) 

Oleum  Pimentie  is  obtained  by  distillation.  It  is  contained  in  Spiritus 
Myrcue  (U.S.P.),  commonly  known  as  bay  rum  (see  p.  692). 

Composition. — From  33  to  70  per  cent,  of  eugenol,  and  other  bodies. 
It  is  used  for  flavouring  purposes  and  as  a  carminative. 

NUTMEG. 
(B.P.  AND  U.S. P.) 

The  dried  seed  of  Myristica  fragrans.  The  outer  arillus  round  the  seed  is 
known  as  "  mace,"  and  used  as  a  spice ;  it  is  official  (U.S.P.)  as  MACIS. 
Nutmegs  contain  a  solid  fixed  oil  and  the  volatile  oil. 

OIL  OF  NUTMEG. 
(B.P.  AND  U.S.P.) 

Oleum  Myristicse  is  obtained  by  distillation. 

Composition. — The  chief  constituents  of  this  volatile  oil  are  pinene 
and  limonene — terpenes — and  myristicol,  an  oxygenated  body. 

There  is  made  from  it  a  Spiritus  Myristica?  (B.P.  and  U.S.P.).  Nutmeg, 
the  oil  and  spirit,  are  also  contained  in  many  pharmacopoeial  preparations. 

Nutmeg  has  a  marked  tonic  effect  upon  the  nervous  system.  A  full  dose 
causes  a  dreamy,  half-unconscious  state,  and  a  large  dose  (1  to  2  nutmegs) 
may  cause  vertigo,  unconsciousness,  and  even  fatal  coma.  It  is  used  as  a 
flavouring  agent,  stomachic,  and  carminative. 

BLACK  PEPPEK. 
(B.P.  AND  U.S.P.) 

The  dried  fruit  of  Piper  nigrum. 

Composition. — It  contains  a  volatile  oil,  one  constituent  of  which 
is  phellandrene,  C10H16,  a  resin,  an  alkaloid,  piperin,  C17H10N03,  and 
piperidine,  C5HHN.  PIPERIN  is  official  (U.S.P.). 

Therapeutics. — Pepper  has  the  general  action  and  uses  of  a  volatile 
oil,  and  is  also  credited  with  slight  antipyretic  and  antiperiodic  properties. 
It  has  been  used  in  malaria,  but  without  much  success.  Empirically 
the  confection  is  given  with  benefit  in  haemorrhoids  and  other  rectal 
diseases.  Occasionally  pepper  is  substituted  for  cubebs  as  a  diuretic  and 
antiseptic  in  the  later  stages  of  gonorrhoea.  It  is  sometimes  added  to 
stimulating  gargles  for  relaxed  throat.  Piperin  in  doses  of  5  to  15  grs. 
is  sometimes  used  in  gonorrhoea,  haemorrhoids,  and  as  a  stomachic  in 
dyspepsia ;  it  has  antipyretic  properties,  and  has  been  recommended  as  a 
substitute  for  quinine,  but  is  much  inferior  as  an  antiperiodic. 

GINGER. 

(B.P.    AND   U.S.P.) 

The  scraped  and  dried  rhizome  of  Zingiber  officinalis. 

Composition. — It  contains  a  volatile  oil  consisting  chiefly  of  terpenes, 
to  which  the  odour  is  due,  but  not  the  pungency ;  a  yellow,  odourless, 
pungent  liquid — gingerol ;  resin ;  starch  ;  and  other  substances. 

Ginger,  or  the  tincture  of  it,  is  contained  in  many  preparations. 

Therapeutics. — It  is  chiefly  a  flavouring  agent,  stomachic,  and  car- 
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minative.      It  is  used  as  a  domestic  remedy   in   dysmenorrhcea,   and   is 
believed  to  have  emmenagogue  as  well  as  antispasmodic  properties. 

OLEORESINA  ZINGIBERIS. 

(U.S.  P.) 

This  substance,  commonly  called  Gingerine,  is  a  crude  oleoresin  some- 
thing like  treacle  in  appearance,  with  an  aromatic  pungent  taste ;  it  is  used 
in  doses  of  \  to  1  gr.  added  to  purgative  pills  to  prevent  griping. 

CORIANDER  FRUIT. 

(B.P.    AND   U.S.P.) 

The  dried  fruit  of  Coriandrum  sativum.     It  contains  the  volatile  oil. 

OIL  OF  CORIANDER. 

(B.P.  AND  U.S.P.) 

Oleum  Coriandri,  distilled  from  the  fruit,  contains  chiefly  pinene  and 
linalool.  The  fruit  and  oil  are  contained  in  other  preparations.  It  is 
a  stomachic,  carminative,  and  flavouring  agent,  and  chiefly  given  with 
senna  and  rhubarb. 

CARDAMOMUM  SEEDS. 

(B.P.    AND    U.S.P.) 

The  dried  seeds  (fruit,  U.S.P.)  of  Elettaria  cardamomum  (B.P.),  E. 
repens  (U.S.P.). 

Composition. — They  contain  about  10  per  cent,  of  a  fixed  oil,  4  to  5  per 
cent,  of  a  volatile  oil,  chiefly  terpinene  and  dipentene,  and  other  substances. 

Therapeutics. — Cardamoms  are  contained  in  many  preparations,  and 
are  mostly  used  as  stomachics  and  carminatives ;  they  are  supposed  to  be 
less  heating  than  other  carminatives.  The  compound  tincture  is  also  much 
used  as  a  red  colouring  and  flavouring  agent.  It  contains  cochineal. 

MENTHA  PIPERITA. 

(U.S.P.) 

The  leaves  and  tops  of  Mentha  piperita.  Peppermint  is  used  solely  on 
account  of  its  volatile  oil. 

OIL  OF  PEPPERMINT. 
(B.P.  AND  U.S. P.) 

A  volatile  oil  distilled  from  Mentha  piperita.  It  has  a  characteristic 
odour  and  taste,  which  is  followed  by  a  sensation  of  coldness  in  the  mouth. 

Composition. — It  contains  over  50  per  cent,  of  menthol,  C10H200,  a 
solid  camphor-like  substance  (see  p.  518),  some  esters  of  men  thy  1,  chiefly 
the  acetate,  methone,  a  liquid  ketone,  pinene,  and  other  terpenes. 

Therapeutics. — Its  action  is  that  of  volatile  oils  in  general,  but, 
owing  to  the  large  amount  of  menthol  it  contains,  its  action  in  producing 
anaesthesia  is  more  marked,  and  it  is  used  as  a  local  anodyne  in  neuralgia, 
especially  the  form  following  herpes  zoster.  Like  oil  of  cloves,  it  will  fre- 
quently relieve  toothache,  applied  to  the  cavity  of  a  carious  tooth  ;  combined 
with  bicarbonate  of  sodium  in  a  compressed  tablet,  and  allowed  to  dissolve 
slowly  in  the  mouth,  it  is  very  useful  in  the  toothache  of  children. 

Peppermint  oil  is  also  valuable  for  pruritus  in  cases  where  the  smell 
is  not  objectionable ;  it  may  be  combined  with  spirit  and  water  as  a  lotion, 
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or  added  to  ointments  in  place  of  menthol.  It  has  also  been  used  as  an 
antiseptic  dressing  for  wounds  and  ulcers.  As  a  carminative  to  relieve 
flatulence  and  prevent  the  griping  of  purgatives,  and  as  a  flavouring  agent, 
it  is  one  of  the  most  valuable  drugs  we  possess. 

MENTHA  VIRIDIS. 

(U.S.  P.) 

The  leaves  and  tops  of  Mentlia  viridis,  or  spearmint,  are  only  used  on 
account  of  their  volatile  oil. 

OIL  OF  SPEARMINT. 
(B.P.  AND  U.S.  P.) 

A  volatile  oil  distilled  from  Mentha  viridis.  It  contains  carvone  and 
terpenes.  It  is  only  used  as  a  carminative  and  flavouring  agent. 

ANISE  FRUIT. 
(B.P.  AND  U.S. P.) 

The  dried  ripe  fruit  of  Pimpinella  anisum.  It  has  an  aromatic  sweetish 
taste,  and  contains  the  volatile  oil. 

OIL  OF  ANISE. 
(B.P.  AND  U.S. P.) 

Oleum  Anisi  is  a  volatile  oil  distilled  from  the  official  fruit  or  from 
the  star  anise  fruit,  Ilieium  verum. 

Composition. — Chiefly  (85  per  cent.)  anethol,  a  phenol  derivative, 
C10H120.  At  a  low  temperature  it  crystallises  out  from  the  oil.  Oxida- 
tion products  of  anethol  (e.g.  anisic  aldehyde)  and  an  isomer  methyl- 
chavicol  are  also  present. 

Therapeutics. — For  flatulence  in  children,  anise  is  the  pleasantest 
carminative ;  it  is  believed  to  be  an  expectorant,  and  is  therefore  largely 
used  as  a  flavouring  agent  for  expectorant  mixtures.  Anisic  acid  and 
sodium  anicate  are  said  to  be  antipyretic  and  antiseptic. 

FENNEL  FRUIT. 

(U.S.  P.) 

The  dried  fruit  of  Fceniculum  capillaceum.  It  contains  a  volatile  oil 
consisting  of  anethol,  with  pinene,  phellandrene,  and  other  bodies. 

OIL  OF  FENNEL. 

(U.S.P.) 

The  volatile  oil  distilled  from  fennel.  Aqua  Foeniculi  (U.S.P.)  is 
a  carminative  and  flavouring  agent,  used  especially  for  children. 

CARAWAY  FRUIT. 
(B.P.  AND  U.S.P.) 

Caraway  fruit  is  the  dried  fruit  of  Carum  carui  or  carvi.  It  contains 
the  volatile  oil,  and  is  used  to  make  Aqua  Carui  (B.P.). 
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OIL  OF  CARAWAY. 
(B.P.  AND  U.S. P.) 

Oleum  Carui  is  a  volatile  oil  distilled  from  caraway  fruit. 

It  contains  chiefly  carvone  (or  carvol),  a  ketone,  C10H140,  limonene 
(or  carvene),  C10H1C,  a  terpene,  and  other  bodies.  It  is  a  carminative  and 
flavouring  agent,  especially  used  for  children. 

SUMBUL. 

(B.P.  ANDU.S.P.) 

The  dried  transverse  slices  of  the  root  of  Ferula  sumbul ;  it  has  a  strong 
musk-like  odour,  and  a  bitter  aromatic  taste.  It  contains  a  bluish  volatile 
oil,  about  9  per  cent,  of  resin,  a  little  valerianic  acid,  and  other  substances. 
It  is  sometimes  used  as  a  carminative,  but  more  frequently  as  a  nerve 
stimulant  in  hysterical  conditions  ;  its  action  is  similar  to,  but  less  powerful 
than,  that  of  musk  and  valerian. 

PYRETHRUM. 
(B.P.  ANDU.S.P.) 

The  dried  root  of  Anacydus  pyrethrum,  the  pellitory.  It  contains  vola- 
tile oils,  resins,  inulin,  and  other  substances. 

Pyrethrum  when  chewed  has  a  powerful  sialagogue  action,  and  causes 
a  tingling  sensation  and  some  feeling  of  numbness  in  the  mouth.  It  has 
been  used  to  relieve  toothache,  and  as  a  masticatory  in  conditions  of  dry 
mouth.  Whitla  has  employed  it  with  success  to  aid  in  the  elimination 
of  potassium  iodide  in  cases  of  iodism.  It  has  also  been  employed  in 
certain  hysterical  conditions,  especially  the  globus  hystericus,  and  some- 
times affords  relief.  The  powdered  root  is  a  frequent  ingredient  in  denti- 
frices, and  the  tincture  is  employed  as  a  mouth-wash,  1  in  10  to  1  in  20  of 
water. 

ELDER  FLOWERS. 
(B.P.  AND  U.S.P.) 

Elder  flowers  are  the  flowers  of  Sambucus  niger  (B.P.),  Canadensis 
(U.S.P.).  They  contain  a  volatile  oil,  resin,  and  valerianic  acid. 

Elder  flowers  are  used  chiefly  for  their  odour  ;  they  are  believed  to  have 
slight  diuretic  and  diaphoretic  properties.  Aqua  Sambuci  is  often  used  as 
a  vehicle  for  cosmetic  lotions,  and  is  supposed  to  aid  in  removing  freckles 
(see  p.  692). 

ClNNAMOMUM. 
(B.P.  AND  U.S.P.) 

Cinnamon  bark  (B.P.)  is  the  dried  inner  bark  of  shoots  of  the  Cinna- 
momum  zeylanicum.  In  yellowish  brown  closely  rolled  quills,  with  a 
fragrant  odour  and  sweet  aromatic  taste.  The  U.S.P.  recognises  three 
varieties,  namely,  Cassia  cinnamon,  Saigon  cinnamon,  and  Ceylon  cinnamon. 

Composition — The  volatile  oil  of  cinnamon,  0'2  to  1  per  cent.,  tannin, 
sugar,  a  little  gum  and  starch,  colouring  matter,  and  woody  fibre.  Cinna- 
mon is  contained  in  many  pharmacopoeial  preparations. 
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OIL  OF  CINNAMON. 
(B.P.  AND  U.S. P.) 

A  yellow  or  reddish  oil  distilled  from  cinnamon  bark,  and  possessing 
the  same  pleasant  odour  and  taste. 

Composition. — The  chief  constituent  is  cinnamic  aldehyde  and  its 
oxidation  products,  cinnamic  acid,  and  ester ;  eugenol  and  phellandrene  are 
also  present,  and  possibly  other  terpenes. 

Therapeutics. — The  oil  of  cinnamon  possesses  the  general  action 
of  the  volatile  oils.  It  is,  however,  believed  by  some  to  have  a  more 
powerful  effect  in  producing  leucocytosis,  which  is  also  said  to  be  caused 
by  cinnamic  acid,  a  further  oxidation  product  of  the  cinnamic  aldehyde. 

Cinnamon  itself,  and  the  preparations  containing  it,  have,  in  addition  to 
the  volatile  oil,  a  considerable  amount  of  tannic  acid,  and  hence  possess 
astringent  properties.  They  are  largely  used  in  cases  of  diarrhoea,  and  are 
frequently  combined  with  other  drugs,  such  as  chalk,  opium,  and  various 
forms  of  tannic  acid. 

In  dysentery  the  powdered  drug  (60  to  90  grs.  twice  a  day),  or  a  decoc- 
tion, has  been  found  of  value.  The  oil  is  a  peculiarly  delicate  Flavouring 
agent,  and  a  good  stomachic  and  carminative.  It  has  been  given  in  large 
doses  for  menorrhagia,  and  to  increase  uterine  contractions  in  labour. 
Owing  to  the  power  of  cinnamon  in  causing  leucocytosis,  it  has  been 
recommended  and  largely  employed  in  the  treatment  of  pulmonary  phthisis 
and  other  forms  of  tuberculosis,  according  to  some  observers,  with  great 
success.  More  recently,  cinnamic  acid  and  compounds  of  it  have  been 
given  by  Landerer  and  others  by  intravenous  or  subcutaneous  injection  for 
the  same  purpose,  and,  it  is  said,  with  more  certain  results.  The  changes 
which  take  place  round  a  tuberculous  focus  after  the  injection  of  cinnamic 
acid  are  stated  to  be  exactly  the  same  as  those  observed  in  the  spontaneous 
cure,  but  more  energetic. 

A  decoction  of  cinnamon  has  also  been  recommended  in  influenza, 
scarlet  fever,  and  cancer;  in  the  latter  disease  its  value  has  not  been 
substantiated.  In  scarlet  fever  it  is  said  to  diminish  the  frequency  of  com- 
plications and  promote  early  convalescence.  Large  doses  (2  to  10  oz.)  of 
the  decoction  are  given,  and  the  effects  are  probably  due  to  the  tannic 
acid,  as  the  process  of  making  a  decoction  must  dissipate  much  of  the 
volatile  oil. 

CHAMOMILE  FLOWERS. 

(B.P.  AND  U.S. P.) 

Chamomile  flowers  are  the  dried  flower-heads  of  Anthemis  ndbilis. 
They  have  a  strong  aromatic  odour  and  a  bitter  taste,  and  contain  a  bitter 
principle,  a  volatile  oil,  a  little  fixed  oil,  and  tannin. 

OIL  OF  CHAMOMILE. 

(B.P.) 

Oleum  Anthemidis  is  a  pale  greenish  blue  volatile  oil,  distilled  from  the 
flowers.  It  contains  a  terpene,  and  isobutyl,  amyl,  and  hexyl  esters  of 
angelic  and  tiglic  acids. 

Therapeutics. — Chamomile  combines  the  actions  of  the  volatile  oils 
and  bitters ;  it  is  an  aromatic,  bitter  stomachic.  In  large  doses  an  infusion 
is  a  direct  emetic.  The  oil  acts  as  a  carminative. 

Infusions  and  decoctions  and   poultices  made  from   the   flowers  are 
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popular  domestic  applications,  but  appear  to  have  no  special  properties 
beyond  the  heat  and  moisture.  Internally,  an  infusion  of  the  flowers,  a 
tablespoonful  to  the  pint  of  water,  is  a  good  stomachic  in  atonic  dyspepsia  ; 
2  oz.  may  be  given  before  meals.  Small  doses,  1  to  2  drms.,  of  a 
similar  infusion  have  been  recommended  in  the  summer  diarrhoea  of 
children.  In  large  doses  the  infusion  is  a  good  emetic.  The  oil'  and 
extract  are  added  to  purgative  pills  as  carminatives  and  bitter  tonics.  At 
one  time  chaniomile  was  used  in  intermittent  fever,  and  is  sometimes 
given  in  cases  of  neuralgia  and  sick  headache. 

MATRICARIA. 

(U.S.P.) 

The  flower-heads  of  Matricaria  chamomilla,  the  German  chaniomile. 
This  is  rarely  used,  except  in  Germany.  Its  volatile  oil  is  said  to  be 
distinct  from  that  of  Anthernis,  but  the  action  and  therapeutic  use  of  the 
two  chamomiles  is  the  same. 

VALERIAN. 
(B.P.  AND  U.S.P.) 

The  dried  rhizome  and  roots  of  Valeriana  officinalis.  It  has  a 
disagreeable  characteristic  smell  and  unpleasant  taste. 

Composition. — It  contains  a  complex  volatile  oil,  consisting  chiefly 
of  terpenes,  sesqui-terpenes,  and  borneol,  combined  with  formic,  acetic, 
and  isovalerianic  acids.  On  keeping,  free  valerianic  acid  is  formed. 

ZINCI  VALERIANAS  (B.P.  and  U.S.P.),  AMMONII  VALERIANAS  (U.S.P.), 
FERRI  VALERIANAS  (U.S.P.),  QUININE  VALERIANAS  (U.S.P.),  are  all  official. 

Therapeutics. — The  volatile  oil  is  the  active  constituent  of  valerian. 
The  valerianic  acid  has  no  known  action  beyond  its  unpleasant  srnell. 
The  volatile  oil  acts  in  a  similar  manner  to  the  other  volatile  oils.  The 
ammoniated  tincture  is  used  as  a  carminative  for  flatulence  and  as  a 
stimulant  in  syncope.  It  is  most  used,  however,  as  an  antispasrnodic  for 
hysterical  conditions,  and  sometimes  acts  well.  It  is  occasionally  given 
for  neuralgia  and  other  nervous  diseases,  such  as  epilepsy,  chorea,  and 
migraine,  and  has  been  used  for  diabetes  and  diabetes  insipidus. 
Valerianate  of  zinc  is  also  given  for  nervous  diseases  in  doses  of  1  to  3 
grs.  its  value  and  action  being  due  rather  to  the  zinc  than  to  the 
valerianic  acid.  The  oil  of  valerian,  according  to  Binz,  when  injected  into 
rabbits,  prevents  or  lessens  the  convulsions  of  brucine  or  ammonium 
carbonate  subsequently  administered.  In  Normandy,  valerian  is  a  popular 
sedative  application  to  painful  wounds ;  and  Whitla  believes  that  it 
diminishes  the  irritability  of  sensory  nerves  throughout  the  body,  and 
that  this  may  explain  its  medicinal  action  as  an  antispasmodic. 

CYPRIPEDITJM. 

(U.S.P.) 

The  rhizome  and  roots  of  Cypripedium  pubescens  and  C.  parviflorum,  the 
lady's  slipper.  It  contains  a  volatile  oil,  tannic  and  gallic  acid  and  glucose. 
It  may  be  given  as  the  fluid  extract  (U.S.P.),  and  has,  like  valerian,  been 
used  in  hysteria,  but  it  is  probably  of  little  value. 
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HORSE-RADISH  BOOT. 

(B.P.) 

The  fresh  root  of  Cochlearia  armoracia.  It  contains  a  ferment  like 
mustard,  and  a  substance  which  is  decomposed  in  the  presence  of  water.  One 
of  the  products  is  a  volatile  oil,  butyl  sulphocyanate,  closely  allied  to  the 
volatile  oil  of  mustard.  Spiritus  Armoraciie  Compositus  (B.P.)  is  a  good 
carminative,  with  a  pleasant  flavour.  The  root  is  occasionally  used  as  a 
sialagogue,  and  has  also  mild  diaphoretic  and  diuretic  properties. 

DILL  FRUIT. 

(B.P.) 

Dill  fruit  is  the  dried  fruit  of  Peucedanum  graveolens.  It  contains  the 
volatile  oil. 

OIL  OF  DILL. 

(B.P.) 

Oleum  Anethi  is  a  volatile  oil  with  a  sweetish  taste.  It,  like  caraway 
oil,  contains  carvone  and  limonene.  Other  constituents  are  apiol  and 
phenol  derivatives. 

Dill  is  a  carminative  and  flavouring  agent,  chiefly  used  as  Aqua  Anethi 
(B.P.)  for  flatulence  in  children. 

OIL  OF- ERIGERON. 

(U.S.  P.) 

Oil  of  erigeron  or  oil  of  fleabane  is  distilled  from  the  fresh  flowering  herb 
Erigeron  canadense.  It  consists  mostly  of  limonene. 

It  has  chiefly  been  used  for  diarrhoea,  but  it  is  said  to  be  equal  to, 
and  less  irritant  than,  oil  of  turpentine  for  gastro-intestinal  or  remote 
haemorrhage.  Ten  to  30  minims  may  be  given  for  a  dose. 

OIL  OF  THYME. 

(U.S.P.) 

Oil  of  thyme  distilled  from  the  leaves  and  flowering  tops  of  Thymus 
vulgaris,  the  common  thyme.  It  consists  chiefly  of  cymene  and  pinene. 

Oil  of  thyme  is  little  used  in  medicine,  but,  like  thyme,  which  is  much 
used  in  cookery,  it  would  have  gentle  aromatic  carminative  properties. 
Oil  of  origanum,  derived  from  marjoram,  is  in  commerce  frequently 
substituted  for  it. 

V.  GUM  KESINS. 
ASAFETIDA,  AMMONIACUM,  MYRRH,  GALBANUM. 

ASAFETIDA. 
(B.P.  AND  U.S.P.) 

A  gum  resin  obtained  from  the  root  of  Ferula  fcetida.  It  has  a  strong 
garlic-like  odour,  and  an  acrid,  bitter,  garlic-like  taste.  Triturated  with 
water,  it  forms  a  white  emulsion. 

Composition. — From  3  to  10  per  cent,  of  a  volatile  oil  identical  with 
oil  of  garlic;  chemically,  it  is  allyl  sulphide  (C3H5).jS;  other  sulphur- 
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containing  oils  and  a  terpene  are  also  described.  From  55  to  65  per  cent, 
of  a  resin  and  about  25  per  cent,  of  soluble  and  insoluble  gums. 

Pharmacology. — Asafetida  has  the  general  actions  of  volatile  oils; 
the  taste  is  very  unpleasant  to  most  people,  and  large  doses  may  cause 
nausea  and  vomiting.  Doses  of  20  grs.,  taken  experimentally,  produced 
headache  and  giddiness,  with  some  aphrodisiac  effect,  in  a  number  of 
persons ;  other  observers  took  \  ox.  with  no  other  result  than  offensive 
eructations  and  foul-smelling  fieces.  In  women,  an  emmenagogue  action 
has  been  described.  On  the  intestines  asafetida  has  a  specially  marked 
stimulant  action,  expelling  flatus  and  acting  as  an  efficient  carminative. 
On  the  nervous  system,  either  directly  or  reflexly  from  its  smell  and 
taste,  it  has  a  powerful  stimulant  and  antispasinodic  action  in  functional 
neurotic  conditions.  It  is  excreted  by  the  bronchial  mucous  membrane, 
skin,  and  kidneys,  and  acts  like  other  volatile  oils  in  increasing  and 
disinfecting  the  secretions. 

Therapeutics. — Asafetida  is  a  valuable  remedy  to  relieve  flatulence 
and  to  remove  tympanites.  In  young  children  a  mixture  of  1  drm.  of  the 
tincture  in  a  pint  of  water,  given  in  doses  of  a  teaspoonful  every  hour,  is 
usually  effective.  An  enema  is  also  a  good  method  of  administration ;  30 
grs.  may  be  rubbed  up  in  4  oz.  of  water  and  injected  into  the  rectum.  It 
is  used  also  as  an  addition  to  purgatives,  as  in  the  aloes  and  asafetida 
pill.  Asafetida  is  a  good  stimulant  in  various  hysterical  and  emotional 
conditions;  it  has  also  been  used  in  epilepsy  and  infantile  convulsions, 
but  it  is  in  functional  neurotic  manifestations  that  its  value  is  most 
apparent.  The  various  symptoms  which  occur  at  the  menopause  are  often 
relieved  by  the  drug,  and  it  has  lately  been  recommended  in  habitual 
abortion.  Occasionally  it  is  given  for  its  expectorant  action  in  the  chronic 
bronchitis  of  old  people,  and  has  been  used  for  asthma  and  whooping- 
cough,  but  without  any  marked  benefit.  As  a  stimulant  the  fetid  spirit  of 
ammonia  is  the  most  valuable  preparation. 

AMMONIACUM. 
(B.P.  AND  U.S. P.) 

A  gum  resin  obtained  from  the  Dorema  ammoniacum.  It  has  a  faint  smell 
and  a  bitter  acrid  taste,  and  forms  an  emulsion  with  water.  It  contains  a 
volatile  oil  (which  does  not  contain  sulphur),  resin,  and  gum. 

Therapeutics. — External. — Ammoniacum  is  usually  a  mild  irritant 
to  the  skin,  but  sometimes  causes  a  papular  eruption.  The  plaster  is  used 
for  chronic  inflammatory  swellings,  especially  of  joints  and  periosteum,  and 
is  sometimes  useful  for  small  patches  of  very  chronic  skin  diseases. 

Internal. — Internally  the  action  is  that  of  volatile  oils,  but  it  is  rarely 
used  except  for  its  expectorant  properties.  It  is  chiefly  valuable  in  bron- 
chorrhoea  and  the  chronic  bronchitis  of  old  people,  which  is  often  accom- 
panied by  emphysema  and  much  wheezing.  Combined  with  squills  and 
ipecacuanha,  it  aids  in  the  expectorant  action.  Large  doses  of  ammoniacum 
act  as  purgatives. 

MYRRH. 

(B.P.    AND   U.S.P.) 

A  gum  resin  obtained  from  Balsamodendron  myrrha  (B.P.),  Commiphora 
myhrra  (U.S.P.),  having  a  pleasant  odour  and  bitter,  acrid,  aromatic  taste. 
It  forms  an  emulsion  with  water. 
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Composition. — It  contains  from  1  to  6  per  cent,  of  a  volatile  oil, 
myrrhol,  C10HnO,  a  resin  myrrhin  23  to  44  per  cent.,  and  gum  40  to  60 
per  cent. 

Therapeutics. — External. — Myrrh  externally  acts  as  a  mild  astrin- 
gent, stimulant,  and  disinfectant.  It  is  sometimes  used  as  a  dressing  for 
ulcers.  It  exercises  the  same  action  upon  the  mucous  membranes,  and  is 
a  pleasant  and  valuable  ingredient  in  mouth-washes  and  gargles  (half  a 
triispoonful  of  the  tincture  to  1  oz.  of  water)  for  inflammatory,  relaxed, 
and  ulcerative  conditions  of  the  mouth  and  throat;  it  is  often  combined 
with  borax  and  other  drugs  for  this  purpose.  The  tincture  of  myrrh  is  a 
good  application  to  spongy  gums,  and  a  popular  remedy  for  toothache  and 
gumboils.  Powdered  myrrh  is  a  common  ingredient  in  dentifrices. 

Internal. — It  has  the  action  of  volatile  oils,  and  is  used  as  a  carminative 
with  purgatives,  and  occasionally  as  an  expectorant,  like  aminoniacum.  It 
has  also  been  recommended  for  cystitis  and  leucorrhoea.  Myrrh  is  a 
popular  emmenagogue,  but  it  is  doubtful  whether  it  has  any  action  on 
the  uterus  ;  its  apparent  value  in  amenorrhoea  may  be  due  to  the  iron, 
aloes,  or  other  drugs  usually  combined  with  it.  Eecently  myrrh  has  been 
brought  forward  as  a  remedy  for  diphtheria.  It  is  believed  to  cause  an 
increase  in  the  white  corpuscles  in  the  blood,  and  so  aid  in  phagocytosis. 
Further  investigation  as  to  its  value  in  causing  leucocytosis  is  required. 

GALBANUM. 

(B.P.) 

A  gum  resin  obtained  from  Ferula  galbaniflua ;  it  has  an  aromatic 
odour  and  bitter,  unpleasant  taste,  and  contains  a  volatile  oil,  chiefly 
terpene,  a  resin,  and  gum. 

Sometimes  it  is  used  as  an  ingredient  of  stimulating  plasters.  In- 
ternally rarely  given.  Its  action  is  that  of  volatile  oils,  and  it  has 
been  used  as  a  carminative,  expectorant,  emmenagogue,  and  in  chronic 
rheumatism. 

VI.  EESINS  AND  BALSAMS. 

RESIX,  BURGUNDY  PITCH,  THUS  AMEBICANUM,  CANADA  BALSAM,  CHIAN  TURPEN- 
TINE, BALSAM  OF  PERU,  BALSAM  OF  TOLU,  STYRAX. 

RESIN. 
(B.P.  AND  U.S. P.) 

Resin  or  colophony  is  the  residue  left  after  the  distillation  of  oil  of 
turpentine  from  crude  turpentine. 

Composition. — It  consists  chiefly  of  the  anhydride  of  abietic  acid,  of 
which  it  yields  80  to  90  per  cent,  when  shaken  with  warm  dilute  alcohol. 
Other  resinous  acids  are  also  present. 

Emplastrum  Resime  (B.P.  and  U.S.P.)  is  adhesive  plaster.  Resin  is 
also  contained  in  other  plasters. 

Therapeutics. — Locally  applied,  resin  is  a  mild  stimulant,  and  the 
ointment  forms  a  useful  application  for  callous  and  indolent  ulcers.  It 
is,  however,  chiefly  used  for  its  physical  properties  as  an  adhesive  basis 
for  plasters.  Resin  is  not  given  internally.  In  veterinary  practice  it  is 
said  to  be  a  useful  diuretic. 

On  dry  distillation  resin  yields  an  oil  (RESINOL,  ROSINOL,  or  RETINOL) 
" 
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which  is  said  to  be  a  powerful  antiseptic  and  antipruritic,  and  is  used  for 
various  forms  of  skin  disease ;  it  may  be  applied  pure  or  made  into  ointment, 
and  is  a  useful  non-irritating  vehicle  for  other  drugs,  as  it  dissolves  camphor, 
naphthol,  and  similar  substances.  This  oil  may  also  be  given  internally  in 
doses  up  to  1  drni.,  for  gonorrhoaa,  bronchitis,  and  similar  conditions,  as  it 
is  excreted  by  the  mucous  membranes  of  the  genito-urinary  and  respiratory 
organs. 

BURGUNDY  PITCH. 
(B.P.  AND  U.S.P.) 

Burgundy  pitch  is  a  resinous  exudation  obtained  from  Picea  cxcelsa 
(B.P.),  Abies  excelsa  (U.S.P.).  It  contains  a  volatile  oil  and  resin. 

Like  resin,  it  is  a  mild  stimulant  to  the  skin  and  rubefacient ;  it  is 
used  as  a  basis  for  plasters  in  lumbago,  joint  diseases,  and  pulmonary 
complaints.  Internally  it  is  sometimes  given  for  piles  in  the  form  of 
pills. 

THUS  AMERICANUM. 

(B.P.) 

Thus  Americanum,  or  Frankincense,  is  a  concrete  oleo-resin  obtained 
from  Pinus  palustris  and  P.  tccda.  It  contains  oil  of  turpentine  and  resin. 

It  is  contained  in  Emplastrum  Picis  (B.P.),  and  has  the  same  action 
as  resin ;  its  toughness  and  adhesiveness  make  it  a  useful  ingredient  in 
plasters. 

CANADA  BALSAM. 
(B.P.  AND  U.S.P.) 

Canada  balsam  is  an  oleo-resin  obtained  from  Abies  balsamea. 

Composition. — It  is  not  a  true  balsam,  but  consists  of  resin  and  about 
25  per  cent,  of  a  volatile  oil,  identical  or  isomeric  with  oil  of  turpentine. 

Its  action  is  the  same  as  that  of  resin  and  oil  of  turpentine,  but  is 
rarely  used  medicinally.  It  forms  an  adhesive  varnish  on  drying,  and 
hence  is  used  in  collodium  flexile.  Owing  to  its  transparency  and  to  its 
refractive  index  being  nearly  the  same  as  that  of  glass,  it  is  largely  used 
for  microscopical  purposes.  With  carbonate  of  magnesia  and  a  little  water 
it  solidifies,  and  can  be  made  into  pills,  which  are  sometimes  given  for 
gonorrhoea  and  gleet. 

CHIAN  TURPENTINE. 

Chian  turpentine,  which  is  not  official,  is  an  oleo-resin  obtained  from 
Pistacia  terebinthus.  It  contains  from  9  to  14  per  cent,  of  a  terpene,  a 
trace  of  benzoic  acid,  and  two  resins.  The  dose  is  5  to  10  grs.  in  emulsion, 
or  in  pills  containing  3  grs.  in  each  with  2  grs.  of  sublimed  sulphur  (Clay's 
formula)  :  two  pills  every  four  hours. 

Its  action  is  that  of  turpentine  and  resin,  and  it  is  only  used  empirically 
for  cancer,  especially  of  the  uterus,  for  which  it  was  at  one  time  strongly 
recommended.  Its  value  is  very  doubtful ;  certainly  the  great  majority 
of  patients  suffering  from  cancer  derive  no  benefit  whatever  from  its 
administration. 
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BALSAM  OF  PERU. 

(B.P.    AND    U.S.P.) 

Balsam  of  Peru  is  a  viscid  dark  brown  liquid  obtained  from  Myroxylon 
pi  n 'tree  (B.P.),  Toluifera  pereirce  (U.S.P.).  It  has  an  agreeable  smell  and 
an  acrid  taste. 

Composition. — About  40  to  50  per  cent,  of  a  volatile  oil,  consisting 
chieny  of  cinnamates  of  benzyl  and  cinnamyl,  benzoate  of  benzyl, 
ciimamic  and  benzyl  alcohols.  The  remainder  is  a  mixture  of  resins 
with  benzoic  and  cinnamic  acids. 

BALSAM  OF  TOLU. 

(B.P.  AND  U.S.P.) 

Balsam  of  tolu  is  a  brown  solid,  soft  and  tenacious  when  fresh.  It 
has  a  fragrant  odour  and  an  aromatic,  slightly  acid  taste ;  it  is  obtained 
from  Myroxylon  toluifera  (B.P.),  Toluifera  balsamum  (U.S.P.). 

Composition. — About  85  per  cent,  of  resins,  a  small  quantity  of  a 
terpene,  cinnamic  and  benzoic  acids,  cinnamate  and  benzoate  of  benzyl. 

STYRAX. 
(B.P.  AND  U.S.P.) 

Prepared  styrax  or  storax  is  a  semiliquid  balsam  obtained  from 
Liqiiidambar  orientalis ;  it  has  an  agreeable  odour  and  balsamic  taste. 

Composition. — A  liquid  hydrocarbon  styrene,  CSHS,  cinnamic  acid, 
cinnamate  of  cinnamyl,  and  a  mixture  of  resins.  The  proportion  of 
cinnamic  acid  may  reach  23  per  cent. 

It  is  contained  in  the  compound  tincture  of  benzoin. 

Pharmacology. — Balsams  of  Peru,  tolu,  and  storax  have  very 
similar  action  to  the  general  group  of  volatile  oils,  but  are  comparatively 
feeble  in  their  activity. 

External. — They  are  antiseptic,  and  destroy  animal  and  vegetable 
parasites.  They  stimulate  the  skin,  cause  slight  reddening,  and  have  a 
similar  action  on  ulcers  and  wounds.  They  also  relieve  itching  when 
applied  to  the  skin. 

Internal. — They  are  mild  stomachics  and  carminatives,  and  are 
excreted  by  the  skin,  kidneys,  and  respiratory  mucous  membrane,  and 
during  their  elimination  stimulate  and  tend  to  disinfect  the  secretions 
from  these  organs.  Some  of  their  constituents  undergo  changes  in  the 
body,  and  are  excreted  as  hippuric  acid  in  the  urine.  Applied  to  a  large 
surface  of  the  body,  both  Peruvian  balsam  and  storax  have  caused 
albuminuria,  and  in  one  case  a  single  inunction  of  5  drms.  of  the  former 
was  followed  by  nephritis  and  dropsy.  As  much  as  3  drms.  of  storax  has, 
however,  been  swallowed  without  any  effects. 

Therapeutics. — Balsam  of  Peru  is  chiefly  used  for  its  external 
action.  It  is  a  good  stimulant  application  for  sluggish  ulcers  of  the  legs 
and  other  parts,  in  ointment  containing  1  drm.  to  1  oz.  of  lard,  vaseline, 
or  zinc  ointment.  It  is  a  good  application  to  bed-sores,  and  may  be  used 
for  sore  nipples,  though  a  stronger  application  (equal  parts  of  the  balsam 
and  castor-oil;  often  acts  better.  It  may  be  applied  pure  as  a  paint  in 
leucoplakia  buccalis. 
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In  scabies  it  is  one  of  the  best  alternative  drugs  to  sulphur,  and  its 
pleasant  smell  is  sometimes  an  advantage.  The  pure  balsam  may  be  rubbed 
into  all  the  affected  parts  (usually  1  drm.  is  sufficient)  at  night  after  a 
warm  bath,  and  washed  off  with  soap  next  morning.  Balsam  of  Peru  kills 
not  only  the  acarus  but  also  the  eggs,  and  two  or  three  applications  will 
usually  effect  a  cure.  In  other  cases  an  ointment  (1  to  8  or  1  to  4)  may 
be  used.  Pediculi  are  also  killed  by  similar  applications.  Kingworm  of 
the  body  and  the  microsporon  furfur  are  pleasantly  cured  by  it ;  while 
benefit  is  sometimes  obtained  in  ringworm  of  the  scalp. 

Peruvian  balsam  relieves  the  itching  of  prurigo  and  urticaria,  and  is 
sometimes  useful  in  chronic  eczema. 

For  its  expectorant  action  it  may  be  used  internally  in  chronic 
bronchitis,  phthisis,  and  bronchorrhcea.  It  has  also  been  given  for  gleet 
and  leucorrhoaa.  Like  cinnamon  it  has  been  recommended  for  tuberculosis. 

Balsam  of  tolu  is  only  used  internally ;  it  is  a  most  valuable  flavouring 
agent  for  lozenges  and  mixtures  for  diseases  of  the  respiratory  organs.  To 
have  any  action  of  its  own  it  must  be  given  in  larger  doses  (10  to  20  grs.) 
than  is  customary.  Powdered,  it  is  sometimes  used  as  a  coating  for  pills. 

Storax  has  the  same  uses  as  Peruvian  balsam;  as  a  remedy  for  scabies  and 
pediculosis  it  is  mixed  with  twice  its  bulk  of  olive-oil.  Internally  it  may 
be  made  into  large  pills  with  liquorice  powder,  and  given  in  doses  of  10  to 
20  grs.  for  gonorrhoea,  or  as  an  expectorant,  but  is  rarely  used  internally. 


VII.   EMPYEEUMATIC   OILS. 

TAR,  COAL  TAR,  OIL  OF  CADE,  AND   NON-OFFICIAL  ALLIED  EMPYREUMATIC  OILS 
OF  BIRCH,  BEECH,  AND  WHITE  BIRCH. 

PlX   LlQUIDA. 
(B.P.  AND  U.S.P.) 

Wood  tar  or  Pix  Liquida  is  a  bituminous  liquid  obtained  from  the  wood 
of  certain  species  of  pine  by  destructive  distillation.  It  has  a  brownish 
black  colour,  a  peculiar  smell,  and  water  shaken  with  it  acquires  an  acid 
reaction.  On  distillation  it  gives  off  a  complex  volatile  oil,  oil  of  tar,  official 
as  OLEUM  PICIS  LIQUIDS  (U.S.P.),  and  acetic  acid ;  the  residue  is  pitch. 

Composition. — Tar  is  a  very  complex  substance.  The  most  important 
constituents  are  oil  of  turpentine,  pyrene,  chrysene,  and  other  hydro- 
carbons ;  phenols,  xylol,  toluol,  and  creosote ;  acetic  acid,  pyrocatechin,  and 
naphthaline;  resins. 

Pix  CAKBONIS  PKVEPARATA. 

(B.P.) 

Prepared  coal  tar  is  obtained  by  the  destructive  distillation  of  coal. 
Composition. — Like  wood  tar  it  is  very  complex ;  among  other  con- 
stituents, benzene,  phenols,  naphthaline,  and  anthracene  are  found. 

OIL  OF  CADE. 
(B.P.  AND  U.S.P.) 

Oil  of  cade  is  a  brown  tarry  liquid  obtained  by  the  destructive 
distillation  of  the  wood  of  Junipcrus  oxycedrus.  It  has  a  very  similar 
composition  to  pix  liquida,  but  a  pleasanter  smell. 


TAR.  581 

Other  non-official  tars  are  sometimes  used  :  the  chief  of  these  are 
OLEUM  Rusci  PYROLIGNEUM,  a  birch  tar ;  it  has  the  smell  of  Russian  leather ; 
OLEUM  FAGI  PYROLIGNEUM,  beech  tar;  and  OLEUM  BETUL^:  ALB^E  PYRO- 
LKJNKUM,  a  tar  obtained  from  the  white  birch.  They  have  similar  actions 
and  composition  to  pix  liquida,  but  a  pleasanter  smell,  and  are  liquid,  like 
the  oil  of  cade,  for  which  they  are  frequently  substituted. 

Pharmacology. — The  action  of  tar  is  largely  due  to  the  turpentine, 
creosote,  and  phenols  which  it  contains,  but  their  action  is  modified  by 
the  other  constituents,  and  for  certain  purposes  tar  is  superior  to  any 
single  ingredient.  In  spite  of  differences  in  their  composition,  the  various 
forms  of  tar  produce  effects  which  are,  for  therapeutical  purposes, 
identical,  though  in  practice  the  wood  tar  is  the  only  one  given  internally ; 
the  others  are  often  convenient  for  external  use,  as  they  mix  better  with 
vehicles. 

External. — All  forms  of  tar  are  powerful  antiseptics  and  disinfectants. 
Applied  to  the  skin,  tar  relieves  itching,  probably  by  reducing  the  sensi- 
bility of  the  terminations  of  the  sensory  nerves.  Stronger  preparations 
are  stimulant,  and  cause  irritation.  If  the  action  is  prolonged,  a  red 
papular  eruption  may  be  produced,  and  some  of  the  papules  may  suppurate, 
forming  the  so-called  "  tar  acne " ;  this  condition  occasionally  follows 
medicinal  use,  and  is  also  seen  in  men  who  work  in  tar  or  are  much 
exposed  to  its  fumes.  When  applied  over  a  large  area,  absorption  from 
the  skin  may  give  rise  to  toxic  symptoms  not  unlike  those  of  carbolic 
acid  poisoning.  When  inhaled,  tar  vapour  has  a  local  antiseptic  and 
stimulant  action  on  the  respiratory  mucous  membrane. 

Internal. — Tar  in  large  doses  causes  epigastric  pain,  general  malaise, 
headache,  and  feeling  of  oppression,  sometimes  vomiting  of  dark-coloured 
matter,  black  stools,  and  dark-coloured  urine  smelling  of  tar ;  the  urine 
may  be  clear  when  passed,  but  on  standing  throws  down  a  dark  deposit. 
The  amount  of  tar  required  to  cause  death  is  uncertain ;  recovery  is  said  to 
have  followed  the  ingestion  of  more  than  a  pint.  In  small  doses  it  has  the 
action  of  its  constituents  upon  the  stomach,  is  absorbed  and  excreted  by 
the  respiratory  mucous  membrane  and  the  kidneys,  acting  as  a  stimulant 
and  antiseptic  during  elimination.  The  urine  is  usually  increased  in 
quantity.  Some  years  ago  "tar  water"  was  a  popular  panacea  and  pro- 
phylactic for  infectious  diseases,  and  was  credited  with  alterative  pro- 
perties in  all  kinds  of  chronic  ailments ;  it  was  also  thought  to  increase 
weight. 

Therapeutics. — The  chief  use  of  tar  is  for  the  local  treatment  of 
certain  forms  of  disease  of  the  skin.  For  this  purpose  it  is  used  in  lotions, 
paints,  ointments,  plasters,  baths,  and  soaps,  and  in  strengths  varying  from 
a  lotion  containing  5  minims  of  Liquor  Picis  Carbonis  (B.P.)  per  oz.,  to 
the  pure  pix  liquida  applied  as  a  paint.  The  principal  uses  of  tar  in 
dermatology  are — 

It  is  a  antipruritic  in  prurigo,  urticaria,  the  erythemata,  senile  pruritus, 
and  other  conditions  attended  with  much  itching.  Weak  preparations  are 
employed  for  this  purpose,  such  as  lotions  containing  from  5  to  20  minims 
of  Liquor  Picis  Carbonis  to  the  oz.,  dabbed  on  to  the  skin,  or  ointments 
containing  the  same  quantity  of  the  liquor  or  of  oil  of  cade ;  tar  water, 
made  by  mixing  1  part  of  tar  with  4  of  water,  allowing  it  to  stand  and 
decanting,  is  also  used,  and  may  be  diluted  if  found  too  irritating. 

It  is  stimulant  in  chronic  eczema,  psoriasis,  chronic  lichen  planus, 
icthyosis,  and  other  scaly  conditions.  In  the  more  acute  inflammatory 
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stages  tar  often  causes  great  irritation,  and  even  in  subacute  eruptions  it 
must  be  used  with  the  utmost  caution.  Some  people  are  exceedingly 
susceptible  to  tar,  and  it  is  always  well  to  commence  with  a  weak  pre- 
paration and  gradually  increase  the  strength  as  may  be  found  safe  and 
requisite.  In  psoriasis  and  chronic  eczema  tar  is  one  of  the  most  valuable 
remedies  at  our  disposal,  and  forms  the  safest  effectual  routine  treatment 
for  these  conditions  in  out-patient  hospital  practice.  Ointments  of  oil 
of  cade  (i  to  2  drms.  per  oz.),  or  the  Unguentum  Picis  Liquidse  (B.P.  and 
U.S.P.),  softened  by  the  addition  of  olive  or  almond  oil,  and  diluted  if 
necessary,  may  be  used ;  for  very  chronic  patches  paints  are  often 
valuable.  The  Liquor  Picis  Carbonis  is  useful  and  dries  to  a  varnish.  A 
stronger  application  is  made  from  equal  parts  of  tar  and  90  per  cent, 
alcohol,  or  alcohol  and  ether,  or  the  pure  oil  of  cade  or  pix  liquida  may  be 
used ;  the  strong  applications  should  only  be  used  for  small  patches  and 
should  not  be  applied  to  any  healthy  skin.  Oil  of  cade  may  be  added  to 
collodion,  i  to  1  drm.  to  each  oz.  Potash  soap  is  frequently  added  to 
tarry  preparations  to  soften  and  remove  the  scales.  Plasters  containing 
tar  can  also  be  obtained,  and  are  sometimes  useful,  especially  for  the  palms 
and  soles.  In  pityriasis  rubra  the  weaker  tar  ointments  are  valuable ; 
when  applied  over  a  large  surface  the  urine  must  be  watched. 

Tar  water  is  a  cheap  antiseptic  lotion,  and  oakum  and  tenax  are  cheap 
and  useful  dressings  for  extensive  ulcerations,  such  as  rectal  and  other 
malignant  growths.  The  lighter  portion  of  the  oil  of  tar  is  used  for 
ringworm  of  the  head. 

Internal. — Tar  is  chiefly  used  in  chronic  bronchitis,  winter  cough,  and 
phthisis ;  it  may  be  given  in  pills  in  doses  of  2  grs.  every  four  hours,  in  the 
form  of  tar  water  in  doses  of  4  to  10  oz. — a  most  disagreeable  and  bulky 
dose — as  the  Syrupus  Picis  Liquida1  (U.S.P.),  or  in  a  wine  made  with 
sherry ;  capsules  of  tar  are  also  a  convenient  form.  In  chronic  eczema, 
tar  has  been  strongly  recommended  internally  in  doses  of  10  to  15  minims 
three  times  a  day. 

In  haemorrhoids,  and  in  catarrh  of  the  urinary  tract,  tar  is  occasionally 
given. 


VIII.  VOLATILE  OILS  (OR  SUBSTANCES  CONTAINING  THEM) 
WHICH  ARE  USED  CHIEFLY  FOR  THPHR  ACTION  ON  THE 
GENITO-URINARY  SYSTEM. 

COPAIBA,  CUBEBS,  OIL  OF  SANDAL-WOOD,  OIL  OP  JUNIPER,  BUCHU, 
OIL  OP  SAVIN,  OIL  OF  RUE,  PENNYROYAL,  TANSY. 

COPAIBA. 
(B.P.  AND  U.S. P.) 

The  oleo-resin  obtained  from  the  trunk  of  Copaifera  lansdorfii.  A 
viscid  liquid,  generally  transparent,  of  a  pale  yellow  or  brownish  colour ;  it 
has  a  peculiar  aromatic  odour  and  a  persistent  acrid  and  slightly  bitter 
taste. 

Composition. — At  least  40  per  cent,  should  consist  of  the  official 
volatile  oil,  and  some  specimens  may  yield  over  80  per  cent.  The  remainder 
consists  of  a  mixture  of  resins,  one  of  which  is  viscid  and  is  only  present 
in  small  quantity,  about  1  to  2  per  cent.  The  bulk  of  the  resin  is 
crystallisable,  and  consists  usually  of  copaivic  acid,  C10H30Oo,  though  some 
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varieties  of  copaiba  are  said  to  contain  other  allied  resinous  acids.  The 
volatile  oil  consists  chiefly  of  caryophyllene,  C15H24,  a  sesquiterpene ;  it 
possesses  the  smell  and  taste  of  the  oleo-resin.  The  dose  of  this  oleo- 
n'siii  is  30  to  60  minims. 

OLEUM  COPAIBA:  (B.P.  and  U.S.P.).— The  volatile  oil  distilled  from  the 
oleo-resin.  The  dose  is  5  to  20  minims. 

KESINA  COPAIB.E  (U.S.P. ). — The  resin  from  the  oleo-resin.  It  is  some- 
times given  in  doses  of  15  to  20  grs.,  but  must  of  course  be  suspended. 

Pharmacology. — Medicinal  doses  have  little  or  no  action  on  the 
general  system,  the  heart,  or  the  nervous  system. 

External. — The  oleo-resin  has  the  stimulant  properties  of  oleo-resins 
in  general,  and  was  at  one  time  used  as  a  local  application ;  it  is  never  now 
employed  externally. 

Internal. — Alimentary  canal. — Medicinal  doses  of  the  oil  or  oleo-resin 
cause  an  acrid,  nauseous  taste  in  the  mouth,  a  feeling  of  warmth  in  the 
stomach,  and  not  unf  requently  disagreeable  eructations.  Sometimes  vomit- 
ing and  purging  follow  even  moderate  doses,  but  large  doses  (2  to  4  drms. 
within  a  few  hours)  always  cause  vomiting  and  purging.  The  continued 
use  of  medicinal  doses  leads  after  a  time  to  loss  of  appetite,  dyspeptic 
symptoms,  and  gastric  disturbance.  The  resin  has  little  taste,  and  does  not 
irritate  the  alimentary  canal  like  the  oil  and  oleo-resin. 

Lungs. — A  portion  of  the  volatile  oil  is  excreted  by  the  respiratory 
mucous  membrane,  and  communicates  its  odour  to  the  breath  ;  it  acts  like 
other  volatile  oils  as  a  local  stimulant,  expectorant,  and  antiseptic. 

Skin. — Eruptions  on  the  skin  are  not  unfrequently  produced  by  the 
internal  administration  of  copaiba.  The  most  common  form  is  a  papular 
erythema,  bright  red  papules  not  unlike  those  of  rotheln  or  measles ;  the 
hands  are  sometimes  affected  first  and  the  neighbourhood  of  the  joints,  but 
the  eruption  may  become  general.  There  is  much  itching  and  general 
irritation  of  the  skin.  More  rarely  urticarial  and  other  types  of  eruption 
are  seen.  There  is  some  difference  of  opinion  as  to  whether  the  skin 
eruption  is  due  to  direct  excretion  of  the  drug  by  the  cutaneous  glands,  or 
is  a  reflex  result  of  irritation  of  the  stomach.  Possibly  the  urticarial  forms 
are  of  the  latter  nature,  while  the  more  common  papular  type  is  due  to 
direct  excretion.  Apparently  excretion  may  also  take  place  through  the 
milk  of  nursing  women,  since  an  eruption  has  been  seen  coincidently  in 
mother  and  baby  when  the  former  was  taking  copaiba. 

Genito-urinary  organs.  —  The  volatile  oil  is  partially  oxidised  in 
the  body,  and  combines  with  glycuronic  acid  to  form  a  compound 
which  is  excreted  by  the  kidneys.  The  resin  is  also  excreted  in  a  similar 
manner. 

The  urine  has  a  peculiar  smell,  and  decomposition  is  delayed,  the 
excreted  drug  contained  in  it  having  antiseptic  properties.  On  adding 
nitric  acid  to  the  urine,  the  compound  of  the  copaiba  and  glycuronic  acid  is 
broken  up  and  the  resin  precipitated ;  the  precipitate  can  be  distinguished 
from  albumin  by  heating,  which  melts  the  resin,  or  by  the  addition  of 
alcohol,  which  dissolves  it.  The  glycuronic  acid  in  the  urine  may  be 
mistaken  for  sugar,  as  it  reduces  Fehling's  solution.  The  amount 
of  resin  in  the  urine  is  greater  after  the  oleo-resin  or  resin  than  after 
the  oil. 

In  flowing  over  the  mucous  membrane  of  the  urinary  tract,  the  urine 
containing  copaiba  acts  locally  as  a  stimulant  and  antiseptic  lotion, 
diminishing  catarrhal  discharge  and  controlling  inflammation.  The  oil  is 


584  THE   VOLATILE  OILS. 

chiefly  active  for  this  purpose,  and  in  many  cases  is  effectual  alone ;  it 
lias,  however,  little  if  any  diuretic  power.  The  resin  is  much  inferior  to 
the  oil  as  an  antiseptic,  but  acts  as  an  active  diuretic,  increasing  the  water 
of  the  urine  but  not  the  solid  constituents. 

Large  doses  cause  a  burning  sensation  in  the  urethra,  and  some 
difficulty  in  micturition.  Occasionally  a  febrile  condition  is  produced, 
with  headache,  thirst,  hot  skin,  rapid  pulse,  marked  gastro-intestinal 
irritation,  strangury,  and  almost  complete  suppression  of  urine,  which  may 
contain  albumin  and  blood. 

Therapeutics. — The  chief  use  of  copaiba  is  for  gonorrhoea  in  male 
patients.  At  one  time  it  was  given  in  large  doses  at  the  commencement 
of  the  disease,  and  though  perhaps  curative  in  some  instances,  it  is  very 
liable  to  cause  acute  pain,  irritation  of  the  bladder,  and  even  hsematuria. 
It  is  rarely  given  at  the  present  time  until  the  acute  stage  is  over,  when 
much  benefit  is  usually  obtained  from  its  use ;  in  gleet  it  is  sometimes 
useful,  but  is  much  less  successful  than  in  the  subacute  stages.  In  females 
it  is  of  little  if  any  use,  unless  the  bladder  or  urethra  be  affected.  In 
chronic  cystitis,  copaiba  is  frequently  beneficial ;  acute  cystitis  is  usually 
aggravated.  Urethral  injections  of  copaiba  or  the  oil  have  been  used 
without  much  success  in  gonorrhoea,  but  some  have  found  benefit  in  chronic 
cystitis  in  women  from  the  injection  into  the  bladder  of  a  mixture  of 
equal  parts  of  copaiba  and  castor-oil. 

The  resin  is  used  as  a  diuretic  in  cardiac  dropsy,  and  in  ascites  due  to 
cirrhosis  of  the  liver ;  it  should  be  given  with  great  care  if  the  kidneys  are 
diseased.  It  may  be  combined  with  digitalis.  In  some  forms  of  chronic 
Bright's  disease,  especially  where  fatty  changes  are  present  in  the  kidneys, 
it  is  occasionally  of  use  as  a  diuretic,  but  often  fails ;  and  most  authors 
condemn  giving  it  in  renal  disease. 

Copaiba  is  sometimes  given  as  an  expectorant  in  chronic  bronchitis  and 
bronchiectasis ;  it  is  an  unpleasant  but  often  useful  remedy  in  these  cases. 
It  should  not  be  given  if  there  is  any  febrile  condition,  and  is  best  avoided 
in  pulmonary  phthisis.  Because  of  its  effect  on  the  skin  it  has  been  used 
in  chronic  skin  diseases,  and  several  observers  have  noticed  an  apparent 
curative  action  in  psoriasis  after  other  methods  of  treatment  had  failed. 

But  for  its  nauseous  taste  and  tendency  to  cause  gastric  disturbance 
and  skin  eruptions,  copaiba  would  be  more  largely  given.  In  gonorrhoea 
the  oleo-resin  is  the  most  effectual  preparation,  as  it  combines  the  antiseptic 
power  of  the  oil  with  the  diuretic  action  of  the  resin.  The  dose  does 
not  require  to  exceed  20  to  30  minims,  and  is  best  given  in  an  emulsion 
with  yolk  of  egg,  acacia,  or  tragacanth.  It  may  be  given  as  an  emulsion 
with  liquor  potassse  if  alkalies  are  also  indicated.  Capsules,  though 
tasteless  and  easily  swallowed,  are  more  apt  to  cause  gastric  disturbance. 
Pills,  often  recommended  to  be  made  with  carbonate  of  magnesium,  are 
much  less  readily  absorbed,  and  if  too  hard  may  be  inert.  Another  method 
is  to  make  copaiba  into  a  paste  with  powdered  cubebs  and  sugar ;  a  small 
spoonful  can  easily  be  swallowed.  Some  patients  take  it  best  floating 
upon  some  aromatic  water. 

The  oil  can  be  given  in  emulsion  or  capsules,  and  the  smaller  dose  is 
sometimes  a  convenience ;  though  less  useful  for  urinary  diseases,  it  is  the 
best  form  for  the  expectorant  or  cutaneous  action  of  the  drug.  When  a 
simple  diuretic  is  required,  the  resin  is  preferably  given  ;  it  is  easily  taken, 
does  not  irritate  so  much  as  the  other  preparations,  arid  may  be  given  in 
almond  emulsion,  or  some  similar  vehicle.  Patients  sometimes  present  a 
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marked  idiosyncrasy  to  copaiba ;  it  is  therefore  well  to  commence  with 
small  doses  for  patients  who  have  not  previously  taken  the  drug,  and 
increase  the  dose  if  it  is  well  borne. 

CUBEBS. 
(B.P.  AND  U.S.P.) 

The  dried  fruits  of  Piper  cubeba.  They  are  nearly  globular,  with  a 
rounded  stalk,  about  J  of  an  in.  in  diameter,  have  a  strong  characteristic 
odour,  and  a  warm  aromatic,  somewhat  bitter  taste. 

Composition. — The  chief  active  constituent  is  the  official  volatile  oil ; 
this  varies  in  amount  from  6  to  15  per  cent.,  and  consists  of  a  terpene 
(dipcntene,  C10H16),  a  sesquiterpene  (cadinene,  C^H^),  and  a  stereoptene 
(ciilifb  camphor),  which  appears  to  be  a  sesquiterpene  alcohol,  C15H25OH. 
The  other  constituents  are  a  resin,  about  6  per  cent.,  containing  cubebic 
acid ;  a  neutral  substance  about  2  per  cent.,  cubebin,  C10H1003,  odourless  and 
tasteless,  insoluble  in  water  ;  a  little  piperine,  an  alkaloid  (CirH16N03) ;  and 
other  vegetable  constituents,  such  as  fat,  starch,  and  gum.  The  dose  of 
powdered  cubebs  is  30  to  60  grs. 

OLEUM  CUBEBS  (B.P.  and  U.S.P. ). — The  oil  distilled  from  cubebs.  Its 
dose  is  5  to  30  minims. 

OLEORESINA  CUBEBS  (U.S.P.) — This  is  used  to  make  the  lozenges  of 
•cubebs  (U.S.P.). 

Pharmacology. — In  the  stomach  cubebs  is  an  aromatic  stomachic 
and  carminative  in  small  doses ;  it  somewhat  resembles  pepper,  but  is  less 
stimulating,  though  larger  doses  cause  a  feeling  of  warmth  in  the 
epigastrium,  some  heat  in  the  skin,  acceleration  of  the  pulse,  and  some- 
times giddiness  or  headache.  Very  large  doses,  or  moderate  doses  taken 
when  the  stomach  is  inflamed,  cause  severe  gastric  irritation,  nausea, 
vomiting,  colicky  pains,  and  sometimes  purging ;  the  urine  may  contain 
albumin  and  blood.  Bernatzik  found  that  large  doses  of  the  oil  of  cubebs 
caused  gastric  irritation,  and  the  oil  appeared  in  the  urine  oxidised  to  a 
resinous  form.  Large  doses  of  cubebic  acid,  combined  with  magnesium, 
caused  slight  gastric  disturbance ;  and  cubebic  acid  was  found  in  the  urine, 
together  with  a  large  increase  of  uric  acid.  Large  doses  of  cubebine  were 
apparently  inert,  but  the  uric  acid  in  the  urine  was  increased. 

The  chief  effects  of  cubebs  are  produced  during  its  excretion  by  the 
kidneys,  lungs,  and  possibly  the  skin.  The  urine,  as  after  copaiba,  gives  a 
precipitate  with  nitric  acid,  and  reduces  Fehling's  solution ;  the  volatile  oil 
is  partially  oxidised  in  the  body,  and  combines  with  glycuronic  acid  to 
form  a  soluble  compound,  which  is  excreted  by  the  kidneys.  This  compound 
is  decomposed  by  the  nitric  acid,  and  the  resin  precipitated ;  the  precipitate 
can  be  distinguished  from  albumin  by  its  disappearance  when  heat  is 
applied  or  alcohol  added.  The  urine  containing  the  drug  acts  as  a 
stimulant  and  antiseptic  lotion  to  the  mucous  membrane  of  the  urinary 
tract.  That  the  effect  on  the  urinary  organs  is  local,  is  shown  by  an 
interesting  observation  by  Eicord  in  a  patient  affected  with  hypospadias, 
where  a  catarrhal  condition  of  the  mucous  membrane  was  present.  After 
the  administration  of  cubebs  and  copaiba,  the  catarrh  disappeared  from 
that  portion,  only  of  the  mucous  membrane  over  which  the  urine  flowed. 
The  quantity  of  urine  is  somewhat  increased,  and  it  has  a  peculia'r  odour ; 
it  remains  a  considerable  time  without  decomposition.  A  certain  portion 
of  the  volatile  oil  is  excreted  by  the  respiratory  mucous  membrane,  and 
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acts  as  a  stimulant  and  antiseptic.  Locally  applied,  cubebs  acts  in  a 
similar  manner  upon  the  mucous  membrane  of  the  nose  and  pharynx. 

On  the  skin  cubebs  has  some  irritant  effect,  but  is  never  used  externally. 
When  given  internally,  it  sometimes  causes  a  roseolar  or  urticarial  rash, 
but  this  is  much  less  commonly  produced  by  cubebs  than  by  copaiba. 
Some  authors  consider  cubebs  to  have  a  diaphoretic  action. 

Therapeutics. — The  stimulant  and  carminative  effect  on  the 
stomach  may  account  for  the  fact  that  cubebs  is  much  less  apt  to  disturb 
digestion  than  copaiba,  and  is  less  unpleasant.  The  chief  use  of  cubebs  is 
for  the  treatment  of  gonorrhrea,  gleet,  chronic  cystitis,  and  pyelitis.  It  is 
sometimes  given  in  the  early  acute  stages  of  gonorrhrea,  but  may  aggravate 
the  symptoms ;  it  can,  however,  usually  be  given  with  safety  at  an  earlier 
stage  than  copaiba.  In  the  later  stages,  and  in  gleet,  it  is  often  of  much 
benefit,  and  is  frequently  combined  with  copaiba  or  sandal-wood  oil.  Acute 
cystitis  is  usually  aggravated,  but  chronic  forms  are  frequently  improved. 

Cubebs,  like  black  pepper,  has  been  recommended  for  haemorrhoids ;  its 
value,  however,  is  inferior  to  that  drug. 

In  bronchitis  with  profuse  and  foetid  expectoration,  oil  of  cubebs  is 
sometimes  of  value,  also  in  nasal  catarrh,  hay  asthma,  and  chronic 
respiratory  catarrh  following  influenza  or  whooping-cough.  In  these  cases 
cubebs  cigarettes  are  distinctly  valuable ;  they  should  not  be  used  in  the 
early  acute  stages.  Occasionally  an  attack  of  spasmodic  asthma  will  yield 
to  similar  treatment.  For  children  the  oil  may  be  given  dropped  on  lump 
sugar.  The  powdered  cubebs  is  sometimes  used  as  a  snuff  in  coryza.  In 
relaxed  throat  after  catarrh,  or  over-use  of  the  voice,  cubebs  in  the  form  of 
lozenges  containing  the  oleo-resin  is  often  beneficial,  or  the  berries  may  be 
slowly  chewed  and  the  saliva  swallowed. 

The  powdered  cubebs  is  usually  given  made  into  a  pasty  mass  with 
syrup  or  glycerin,  and  swallowed  as  a  bolus ;  it  may  also  be  made  into  a 
paste  with  copaiba;  a  little  nitrate  of  potash  is  often  added.  The  oil 
and  oleo-resin  are  best  given  in  emulsion,  but  may  be  administered  in 
capsules.  The  tincture  is  not  usually  considered  a  very  good  preparation, 
but  may  be  given  in  \  drm.  doses  in  4  oz.  of  barley  water  or  linseed 
tea  in  chronic  bronchitis  and  similar  conditions. 

OIL  OF  SANDAL  WOOD. 
(B.P.  ANT)  U.S.P.) 

A  pale  yellow  viscid  volatile  oil  distilled  from  the  wood  of  Santahim 
album.  It  has  a  strong  aromatic  odour  and  a  pungent  spicy  taste. 

Composition. — This  is  not  thoroughly  known.  It  consists  chiefly  of 
two  oxidised  hydrocarbons,  C15H2GO  and  C15H240,  sometimes  called  santalol 
and  santalal,  and  apparently  alcoholic  and  aldehyde  derivatives  from  a 
sesquiterpene,  C15H24. 

Pharmacology. — Sandal-wood  oil  is  very  similar  in  its  action  to 
the  oils  of  copaiba  and  cubebs.  It  is  a  local  irritant,  and  in  large  doses 
may  cause  symptoms  of  gastric  disturbance.  It  is  excreted  by  the  kidneys 
in  a  similar  manner  to  the  oil  of  copaiba ;  it  is  believed  by  some  to  have 
a  special  effect  upon  the  prostatic  portion  of  the  urethra.  A  portion  of 
the  oil  is  excreted  by  the  respiratory  mucous  membrane,  .and  acts  as 
a  stimulant  and  antiseptic.  A  red  papular  eruption  on  the  skin  has  been 
seen  after  oil  of  sandal  wood,  and  also  petechial  spots. 

Therapeutics. — Oil  of  sandal  wood  is  chiefly  used  as  a  substitute 
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for  the  oil  of  copaiba  in  the  later  stages  of  gonorrhoea  and  gleet ;  it  is 
pleasanter  to  take,  is  less  liable  to  cause  a  rash,  and  does  not  disturb 
digestion.  It  is,  however,  more  expensive,  and  is  sometimes  adulterated 
with  oil  of  copaiba.  Its  dose  is  5  to  ,'50  minims.  If  20  minims  do  not 
cause  improvement  in  a  few  days,  it  rarely  does  much  good  if  continued 
longer.  It  is  said  to  be  an  efficient  remedy  in  the  later  stages  of  bronchitis. 
It  is  best  given  in  capsules,  or  emulsion  with  mucilage,  syrup,  and  some 
flavouring  substance. 

OIL  OF  JUNIPER. 
(B.P.  AND  U.S.P.) 

A  volatile  oil  distilled  from  the  fruit  of  Juniperus  corn-munis ;  it  has  a 
characteristic  odour  and  a  warm  aromatic  taste. 

Composition.  —  Chiefly  the  terpenes,  pinene  and  cadinene,  and  a 
stereoptene  juniper  camphor.  If  exposed  to  the  air,  a  little  resin  is 
present  as  a  result  of  oxidation. 

Pharmacology.— -In  composition,  oil  of  juniper  is  closely  allied  to 
oil  of  turpentine,  and,  like  it,  may  in  large  doses  cause  irritation  of  the 
kidneys  and  bladder ;  albumin  or  even  blood  may  appear  in  the  urine, 
there  may  be  a  sensation  of  heat  in  the  urinary  passages  or  even  strangury 
and  priapism.  In  small  doses  it  acts  as  a  renal  stimulant,  and  is  a  more 
powerful  diuretic  than  turpentine,  less  irritant,  and  more  agreeable  to  the 
palate.  In  healthy  men  the  flow  of  urine  is  not  always  increased,  and 
may  even  be  diminished.  The  oil  of  juniper  is  excreted  with  the  urine, 
probably  combined  with  glycuronic  acid  in  part,  and  imparts  to  it  an  odour 
compared  to  that  of  violets ;  the  solids  of  the  urine  are  increased  as  well 
as  the  water.  Diuresis  has  followed  inhalation  of  the  oil.  In  the 
stomach,  oil  of  juniper  is  an  agreeable  flavouring  agent  and  carminative. 
It  has  also  been  credited  with  emmenagogue  and  diaphoretic  properties, 
which  may,  however,  be  due  to  the  alcohol  with  which  it  is  often  taken. 

Therapeutics.  —  Frequently  it  is  combined  with  other  diuretics, 
especially  alkalies  and  cream  of  tartar,  in  the  dropsy  of  cardiac  and  hepatic 
disease.  Sometimes  it  is  used  in  small  doses  in  dropsy  due  to  post-scarlatinal 
nephritis,  also  in  chronic  Bright's  disease.  Old  people  often  suffer  from 
aching  pain  in  the  loins  and  diminished  flow  of  urine  without  albuminuria, 
perhaps  due  to  subacute  renal  congestion.  In  these  cases,  if  alcohol  be  also 
required,  gin  or  Hollands  may  be  given  with  very  great  benefit,  or  the  oil 
of  juniper  in  a  mixture  form.  It  is  now  rarely  used  in  chronic  cystitis 
and  pyelitis,  gonorrhcca,  and  gleet,  but  is  occasionally  of  value  where  more 
nauseous  drugs  cannot  be  taken.  As  a  flavouring  agent  and  carminative  it  is 
sometimes  added  to  saline  mixtures,  and  used  to  relieve  flatulence  and  colic. 
It  has  also  a  certain  popular  repute  for  the  relief  of  dysmenorrhceic  pains. 

The  dose  is  I  to  3  minims.  It  is  usually  given  as  the  spirit  (B.P.  and 
U.S.P.),  20  to  60  minims,  or  as  the  compound  spirit  (U.S.P.),  which  contains 
also  caraway  and  fennel.  Oil  of  juniper  is  the  chief  flavouring  agent  (about 
1  in  500)  in  gin  and  Hollands. 

BUCHU  FOLIA. 
(B.P.  AND  U.S.P.) 

The  dried  leaves  of  Barosma  betidina  are  of  a  dull  yellowish  green 
colour,  and  have  a  strong  characteristic  smell  and  a  warm,  slightly  bitter 
taste. 
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Composition. — The  glands  contain  about  l-5  per  cent,  of  a  volatile  oil; 
this  consists  of  a  stereoptene,  diosphenol  (barosma  camphor),  dissolved  in 
a  liquid  hydrocarbon,  C10H1SO.  The  leaves  also  contain  about  4  per  cent, 
of  a  bitter  resinous  substance,  and  a  considerable  amount  of  mucilage. 

Pharmacology. — The  infusion  of  buchu  contains  but  little  of  the 
volatile  oil ;  it  is  a  demulcent  from  the  mucilage  present,  and  also  possesses 
a  slight  action  as  an  aromatic  bitter  tonic  to  the  stomach.  Large  doses 
may  cause  nausea.  Like  many  other  volatile  oils,  the  chief  action  is 
exerted  upon  the  organs  by  which  it  is  excreted,  especially  the  kidneys. 
The  excretion  of  urine  is  somewhat  increased,  and  the  volatile  oil  present 
confers  upon  it  a  peculiar  aromatic  smell,  and  some  sedative,  astringent, 
and  antiseptic  properties,  which  are  exercised  upon  the  mucous  mem- 
brane of  the  urinary  tract.  Very  large  doses  may  cause  some  irritation 
of  the  kidneys.  A  portion  of  the  volatile  oil  is  also  excreted  by  the 
mucous  membrane  of  the  respiratory  tract,  and  has  a  feeble  expectorant 
action.  Buchu  has  also  been  credited  with  a  diaphoretic  action,  but  pro- 
bably on  insufficient  grounds. 

Therapeutics. — Buchu  is  rarely  given,  except  with  other  more 
active  drugs ;  the  infusion  is  an  excellent  vehicle  for  alkalies  and  saline 
diuretics,  and  it  is  frequently  combined  with  urinary  antiseptics  and 
sedatives.  It  is  chiefly  used  in  cystitis  of  subacute  or  chronic  type,  with 
much  irritability  of  the  bladder  and  free  mucous  secretion.  It  is  also 
given  in  pyelitis,  urethritis,  and  prostatic  disease.  The  diuretic  action  is 
too  slight  to  be  of  value  in  dropsy.  It  is  occasionally  given  in  bronchitis 
as  an  expectorant,  and  in  South  Africa  it  is  used  in  diarrhrea  and  dysentery 
in  the  form  of  buchu  brandy. 

SAVIN  OIL. 

(U.S.  P.) 

Savin  oil  or  Oleum  Sabinre  is  a  volatile  oil  distilled  from  the  fresh 
tops  of  Juniperus  sabina  ;  it  has  a  strong  peculiar  odour  and  an  acrid  bitter 
taste. 

Composition. — It  contains  chiefly  pinene — a  terpene  and  cadinene,  a 
sesquiterpene. 

Pharmacology. — External. — Oil  of  savin  is  one  of  the  most  irritat- 
ing of  the  volatile  oils.  On  the  skin  it  produces  redness,  vesication,  and 
even  pustulation  ;  to  raw  surfaces  it  acts  as  a  powerful  irritant. 

Internal. — It  is  a  gastro-intestinal  irritant,  causing  severe  pain,  vomit- 
ing, purging,  and,  in  large  doses,  fatal  gastro-enteritis.  It  is  excreted  by  the 
kidneys  and  acts  as  an  irritant ;  the  urine  may  contain  blood  or  be  suppressed. 
In  women,  congestion  and  stimulation  of  the  pelvic  organs,  especially  the 
uterus,  are  produced  ;  hence  it  has  an  eramenagogue  action  in  increasing  the 
menstrual  flow.  It  has  a  popular  repute  as  an  ecbolic,  causing  contraction 
of  the  pregnant  uterus,  and  fatal  results  have  ensued  from  its  criminal 
employment  for  this  purpose.  It  does  not  appear  to  have  any  specific 
action  on  the  pregnant  uterus,  since  100  drops  have  been  taken  daily  for 
20  days  without  abortion  occurring.  Its  efficacy  in  some  cases  is  due 
to  its  action  as  a  powerful  irritant  poison,  and  is  only  obtained  at  the  risk 
of  death.  In  some  cases  increased  secretion  of  bile  and  enlargement  of 
the  liver  have  been  observed  after  the  continued  use  of  savin. 

Therapeutics. — It  is  very  rarely  used  at  the  present  day.  The  old 
savin  ointment  was  used  to  apply  to  blisters  and  issues  to  prevent  healing 
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and  maintain  a  continued  discharge.  The  oil  was  also  applied  to  condy- 
lomata  and  venereal  warts  as  a  caustic.  Internally  the  only  use  of  savin 
is  as  an  emmenagogue.  Most  authorities  recognise  its  greater  efficiency 
than  other  volatile  oils,  but  the  danger  of  irritant  poisoning  prohibits  its 
use  at  the  present  day,  when  we  have  more  efficient  and  safer  remedies. 
Its  dose  is  1  to  4  minims. 

OIL  OF  KUE. 

Oil  of  rue,  or  Oleum  Rutte,  which  is  not  official,  is  a  volatile  oil  distilled 
from  Ruta  gravcolens ;  it  has  a  strong,  disagreeable  odour  and  a  bitter,  acrid 
taste. 

Composition. — Chiefly  (about  70  per  cent.)  an  oxidised  hydrocarbon 
methyl-nonyl-ketone,  CH3COC9H19. 

Pharmacology. — External. — It  is  an  irritant  to  the  skin ;  even 
handling  the  plant  may  produce  redness  and  a  vesicular  eruption. 

Internal. — Small  doses  have  a  stimulant  and  carminative  action  on  the 
stomach ;  large  doses  act  as  irritants.  In  addition  to  its  local  irritant  action 
on  the  alimentary  canal,  oil  of  rue  is  a  poison  to  the  nervous  system.  Large 
doses  produce  muscular  weakness  and  convulsive  twitchings,  mental  con- 
fusion, and  narcosis.  In  pregnant  women  abortion  may  occur.  Small 
doses  are  believed  to  have  an  emmenagogue  action  similar  to  that  of  savin. 

Therapeutics. — Rue  is  but  little  used  in  medicine ;  it  is  sometimes 
given  to  procure  abortion  for  criminal  purposes.  At  one  time  it  was  given 
for  various  nervous  diseases,  such  as  hysteria  and  epilepsy.  It  is  occa- 
sionally used  as  a  carminative,  but  more  frequently  as  an  emmenagogue. 
Its  dose  is  1  to  4  minims. 

HEDEOMA. 

(U.S.P.) 
The  leaves  and  tops  of  Hedeoma  pidegioides,  the  American  pennyroyal. 

OIL  OF  HEDEOMA. 

(U.S.P.) 

A  volatile  oil  distilled  from  American  pennyroyal,  which  is  a  distinct 
plant  from  European  pennyroyal. 

Therapeutics. — American  pennyroyal  is  a  gentle  aromatic,  which 
may  be  administered  for  colic,  and  the  oil  may  be  used  to  correct  the 
griping  of  purgatives.  A  large  draught  of  warm  tea  of  American  penny- 
royal taken  at  bedtime,  after  the  feet  have  been  put  in  warm  water,  is  a 
popular  domestic  remedy  for  suppressed  menses.  European  pennyroyal 
is  an  ingredient  of  many  quack  remedies  designed  to  produce  abortion. 
The  dose  of  oil  of  hedeoma  is  1  to  4  minims. 

TANACETUM. 

(U.S.P.) 

Tanacetum  is  the  leaves  and  tops  of  Tanacetum  vulgare,  common  tansy. 

Therapeutics. — Tansy  has  much  the  same  action  as  hedeoma  or 
pennyroyal  (see  above).  These  drugs  contain  volatile  oils,  and  are  chiefly 
used  in  domestic  medicine  as  emmenagogues ;  they  are  also  taken  some- 
times with  the  object  of  procuring  criminal  abortion.  They  are  usually 
administered  in  the  form  of  hot  infusions,  and  fatal  results  have  been 
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reported  from  the  tansy  when  taken  in  large  doses.  The  chief  symptoms 
were  epileptiform  convulsions,  followed  by  coma  and  death  from  asphyxia. 
There  were  also  signs  of  gastro-intestinal  irritation  in  some  cases. 
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CINCHONA  BARK  AND  ITS  ALKALOIDS. 

THE  genus  Cinchona  consists  of  about  thirty-six  species  of  evergreen  shrubs 
or  trees  indigenous  to  the  eastern  slopes  of  the  central  and  western  chains 
of  the  Andes.  In  geographical  extent  it  occupies  a  belt,  varying  from 
3000  to  10,000  ft.  high,  extending  from  10°  N.  lat.  to  20°  S.  lat.,  i.e.  from 
Costa  Rica  to  the  southern  border  of  Bolivia.  The  members  of  it  are 
peculiar  in  yielding,  almost  entirely  from  their  bark,  certain  alkaloids, 
closely  allied  in  chemical  constitution  and  pharmacological  action,  which 
have  played  a  prominent  part  in  medical  history.  Of  these,  quinine  is  the 
chief.  Quinidiue,  ciuchonine,  cinchonidine  are  others  of  less  importance. 
To  these  alkaloids  most  of  the  activity  of  cinchona  bark  is  due.  But 
as  only  a  few  of  the  species  produce  them  in  any  quantity,  few  of  these 
have  been  employed  in  medicine.  The  best  known  are  Cinchona  calisaya, 
C.  ojficinalc,  and  C.  succirubra.  In  the  British  Pharmacopeia  the  last — 
C.  rubrce  cortex — is  alone  official  for  making  cinchona  preparations  ;  in  the 
United  States  Pharmacopeia  any  species  yielding  5  per  cent,  total  alkaloids 
may  be  employed.  In  either,  any  species  can  be  used  to  prepare  quinine. 

Historical. — Cinchona  bark  was  introduced  into  Europe  in  1639 — 
possibly  1632.  Previous  to  this  time  nothing  is  known  of  its  history. 
Even  its  manner  of  introduction  into  Europe  is  uncertain,  and  it  is  doubt- 
ful if  the  Peruvian  natives  were  acquainted  with  its  medicinal  properties 
previous  to  the  Spanish  invasion.  The  story  most  generally  believed  is 
that  the  Countess  of  Chinchon,  during  the  vice-royalty  of  her  husband  in 
Peru,  fell  ill  of  a  tertian  ague,  and  was  cured  by  partaking  of  bark  sent  to 
her  by  the  corregidor  of  Loxa,  who  had  himself  suffered  from  this  disease 
eight  years  previously,  and  been  cured  in  this  way.  The  effect  was  so 
marked  that  the  Countess  determined  to  introduce  it  into  Spain  for  the 
benefit  of  her  husband's  dependents  near  Madrid.  This  she  was  instru- 
mental in  doing,  although  she  appears  to  have  died  on  her  voyage  home. 
Her  physician  is  also  believed  to  have  brought  it  with  him.  From  Spain, 
its  fame  spread  to  Italy ;  from  there,  through  the  instrumentality  of  the 
Jesuit  fathers,  to  Belgium ;  then  to  England ;  and,  finally,  to  France.  It 
was  generally  known  as  Countess's  or  Jesuit's  bark. 

In  England  it  first  appeared  in  1655,  and  its  extensive  use  was  in  great 
measure  due  to  Sir  Robert  Tabor,  who  cured  both  Charles  II.  and  the 
Dauphin  of  France  of  an  ague  with  a  secret  remedy.  This  consisted 
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mainly  of  cinchona  bark.  The  prescription  was  purchased  by  Louis  xiv., 
and,  after  Tabor's  death,  published. 

Cinchona  bark  did  not,  however,  prove  'infallible.  Some  found  it  use- 
less, and,  in  consequence,  controversies  arose.  But  the  failures,  which  may 
have  been  due  in  part  to  worthless  specimens,  had  little  influence  in  stay- 
ing the  increasing  use  of  this  drug,  which,  at  the  beginning  of  the  nine- 
teenth century,  had  become  so  extensive  that  fears  were  entertained  of  the 
supply  soon  becoming  exhausted.  On  this  account,  attempts  were  made 
to  transplant  some  of  the  species  to  other  countries,  and  in  1852  the  Dutch 
were  successful  in  planting  trees  in  Java ;  and  nine  years  later,  through  the 
instrumentality  of  Sir  Clement  Markham,  the  Indian  Government  success- 
fully planted  them  in  India.  In  both  places  cinchonas  have  been  cultivated 
to  such  an  extent  that  the  world  is  now  independent  of  South  America  for 
its  supply  of  quinine. 

The  earliest  chemical  examination  of  cinchona  bark  appears  to  have 
been  made  by  Hermbsta'dt  (1785),  who  showed  that  the  essential  salt  of 
Garaye — a  crystalline  salt  sometimes  deposited  in  extracts  of  cinchona 
bark — was  a  calcium  salt.  In  1790,  Hoffmann  separated  the  acid,  and 
called  it  quinic  acid;  and  shortly  afterwards  (1793),  Duyeux  isolated 
impure  cinchotaunic  acid,  which,  four  years  later,  was  obtained  in  a  purer 
form  by  Sequin.  Cinchona  bitter  and  cinchona  red  were  prepared  by 
Reuss  (1810),  and  alkaloidal  matter  was  obtained  by  Gomez  (1811).  But 
he  failed  to  recognise  its  character,  and  it  was  not  until  1820  that  Houton- 
Labillardiere,  finding  Gomez's  substance  possessed  an  alkaline  reaction, 
communicated  this  knowledge  to  Pelletier,  who,  with  Caventou,  isolated 
cinchonine  and  quinine.  Subsequently  other  alkaloids  were  obtained,  but 
in  some  cases  at  least  these  were  decomposition  products.  The  majority 
of  those  more  recently  discovered  have  been  isolated  by  Hesse. 

Composition. — Besides  alkaloids,  cinchona  bark  contains  certain  acids, 
neutral  principles,  colouring  matters,  a  trace  of  volatile  oil,  gum,  starch, 
and  other  vegetable  substances,  and  1  to  3  per  cent,  of  ash,  consisting 
mainly  of  calcium  carbonate  (60  to  70  per  cent.),  potassium  carbonate  (25 
per  cent.),  and  a  little  silica  (5  to  6  per  cent). 

Alkaloids. — The  cinchona  alkaloids,  including  those  obtained  from  the 
allied  species  of  Rcmijia  (which  is  the  only  one  besides  cinchona  known  to 
contain  quinine),  are  thirty-one  in  number ;  but  only  four — quinine,  quini- 
dine,  cinchonine,  cinchonidine — are  of  therapeutical  importance.  They  are 
powerful  bases,  form  neutral  (B2.H2S04)  and  acid  (B.H2S04)  salts,  and 
rotate  the  plane  of  polarised  light  to  the  right  or  left.  The  bases  are  but 
slightly  soluble  in  water,  readily  in  alcohol,  chloroform,  and  some  other 
organic  media.  The  salts  are  soluble  in  water,  but  vary  considerably  in 
their  solubility ;  some  of  the  neutral  salts  are  only  slightly  soluble ;  acid 
salts  generally  are  very  soluble.  Many  of  the  alkaloids  show  the  pheno- 
menon of  isomerism — quinidine  is  isomeric  with  quinine,  cinchonidine 
with  cinchonine.  All  are  quinoline  derivatives,  and  some  bear  a  simple 
relation  to  one  another.  Thus  quinine  is  paramethoxy-cinchnine,  i.e.  it  is 
cinchonine  in  which  a  hydrogen  atom  has  been  replaced  by  a  methoxy 
(CH30)  radical ;  it  is  also  methyl  cupreine,  and  can  be  prepared  by  replac- 
ing the  hydrogen  of  a  phenolic  hydroxyl  (OH)  in  cupreine  by  a  methyl 
(CH3)  group. 

Besides  a  quinoline  group,  cinchonine  contains  a  piperidic  nucleus,  the 
carbon  of  which  is  united  to  the  carbon  of  the  quinoline  by  a  chain  of  two 
or  three  carbon  atoms.  The  formula,  as  far  as  we  know  it  at  present, 
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can  be  best  expressed  according  to  Pictet,  thus  (the  piperidic  is  in  heavier 
type):- 

c  c 

CH2  CH2  CH— CH  =  CH2  CH2  CH3  CH— CH  =  CH2 

CHo— COH  CH,  CH.,  CH2-COH  CH2  CH2 


(Cinclionine.) 


N 


(Quinine.) 


The  cinchona  alkaloids  have  been  variously  classified  :  by  some,  accord- 
ing to  the  oxygen  they  contain ;  by  others,  alphabetically.  We  have 
adopted  what  seems  to  us  to  be  the  simplest  arrangement  in  the  present 
state  of  our  knowledge. 

QUININE  (C20H24N202),  first  isolated  pure  by  Pelletier  and  Caventou 
(1820),  occurs  in  an  amorphous  anhydrous  state,  in  anhydrous  crystals, 
and  in  crystals  with  a  variable  number  (usually  three)  of  molecules  of 
water  of  crystallisation.  It  is  slightly  soluble  in  water — the  anhydrous 
form,  1  in  1960,  at  15°  C. ;  1  in  902,  at  100°  C.— much  more  soluble  in 
alcohol  and  ether,  and  still  more  soluble  in  chloroform.  It  is  odourless, 
has  a  very  bitter  taste,  and  is  laevorotatory.  The  melting  point  of  the 
anhydrous  compound  is  l*72°-8  C.  It  is  readily  decomposed.  Heated  with 
dilute  sulphuric  acid  to  120°-130°  C.,  it  is  converted  into  quinicine,  a 
resinous  mass  with  a  bitter  taste  and  antipyretic  properties ;  treated  with 
reducing  agents,  it  forms  dihydro-  or  tetrahydro-quinine ;  and  heated  with 
strong  hydrochloric  acid  to  150°  C.,  it  is  broken  up  into  apoquinine  and 
methyl  chloride. 

It  forms  numerous  salts.  Those  official  in  the  British  Pharmacopeia 
are  the  hydrochloride,  acid  hydrochloride,  and  sulphate;  in  the  United 
States  Pharmacopeia,  the  sulphate,  acid  sulphate,  hydrobromide,  hydro- 
chloride,  and  valerianate.  They  all  form  silky  white  needles,  possessing  an 
extremely  bitter  taste.  Their  solubility  in  water  varies ;  the  acid  hydro- 
chloride  being  soluble  in  less  than  its  own  weight,  the  sulphate  only  to  the 
extent,  according  to  the  British  Pharmacopoeia,  of  1  in  800.  Unfor- 
tunately, the  solubilities  are  differently  given  by  different  authorities,  and 
as  the  temperature  is  not  appended  it  is  difficult  to  arrive  at  a  true  con- 
clusion regarding  them.  But  the  following  table,  taken  from  Regnauld 
and  Villegean,  will  give  an  idea  of  their  relation : — 


Salt  of  Quinine. 

Solubility  of  1  part 
of  Salt  in  parts 
of  Water. 

Percentage  of 
Quinine  in  Salt. 

Quinine  bichloride  (acid  chloride) 

0-66 

81-61 

bisulphovinate  (acid) 

0-70 

56-25 

bilactate  (acid) 

2-0 

62-30 

sulphovinate  (neutral)  . 

3-3 

72-16 

bihydrobromide  (acid)   . 

6-33 

60-67 

bisulphate  (acid  sulphate) 

9-0 

59-12 

lactate  (neutral)     . 

10-0 

78-26 

hydrochloride  (neutral) 

21-4 

81-71 

hydrobromide  (neutral) 

45-0 

76-6 

' 

sulphate  (neutral) 

581-0 

74-31 

The  solutions  of  the  sulphate  are  fluorescent. 
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QUINIDINE  (C20H24N2O2),  an  isomeride  of  quinine,  was  discovered  by 
Henry  and  Deloudre  (1833).  It  occurs  in  needles  or  prisms,  usually  as 
a  hydrate  with  1  to  2£  H20,  melts  at  171°'6  C.,  and  turns  the  plane  of 
polarised  light  to  the  right.  Its  reactions  and  properties  are  similar  to 
those  of  quinine. 

CINCHONINE  (CjgHjjNgO)  was  discovered  by  Pelletier  and  Caventou  at 
the  same  time  as  quinine.  It  occurs  in  colourless  anhydrous  rhombic 
prisms,  melting  at  255°4  C.  It  is  almost  insoluble  in  water  (1  in  3810 
at  10°  C. ;  rather  more  at  100°  C.),  and  but  slightly  in  ether  (1  in  371), 
chloroform  (1  in  460),  or  alcohol  (1  in  140  at  10°  C.).  Its  solutions  are 
dextrorotatory.  It  has  been  largely  investigated  chemically,  and  no  less 
than  eighteen  isomers,  some  of  which,  however,  may  be  identical,  have 
been  prepared.  It  forms  salts  like  quinine,  but  none  are  fluorescent. 

CINCHONIDINE  (C19H22N2O),  isomeric  with  cinchonine,  was  isolated  by 
Winckler  (1843).  It  occurs  in  rhombic  prisms,  which  melt  at  207°  C. 
Its  reactions  and  properties  are  similar  to  those  of  cinchonine,  but  it  is 
laevorotatory. 

HYDROQUININE  (C20H26N2O2),  discovered  by  Hesse  (1882),  occurs  in 
plates  or  needles,  melting,  when  anhydrous,  at  172c-3  C.  It  is  very  slightly 
soluble  in  water,  possesses  a  bitter  taste,  and  is  laevorotatory.  It  remains 
mixed  with  the  quinine  in  the  process  of  extraction.  Its  action  is  said  to 
be  similar  to  that  of  quinine. 

HYDROQUINIDINE,  isomeric  with  hydroquinine,  is  found  in  commercial 
quinidine.  It  was  isolated  by  Forst  and  Bohringer  (1881),  and  occurs  in 
plates  or  needles,  melting  at  166°  to  1679  C.  It  is  dextrorotatory. 

CINCHOTINE  or  HYDROCINCHONINE  (C19H24N20)  occurs  in  commercial 
cinchonine.  It  was  isolated  by  Caventou  and  Willon  (1869).  It  forms 
prisms,  melting  at  268°  C.,  is  dextrorotatory,  and  shows  in  its  reactions 
a  parallelism  to  cinchonine. 

CINCHAMIDINE  or  DiHYDROCiNCHONiDiNE  (C19H24]Sr20),  obtained  by  Hesse 
(1881),  occurs  in  small  plates  or  prisms,  melting  at  230°  C.  It  is  kevo- 
rotatory. 

QUINAMINE  (C19H24ISr2O2)  crystallises  in  long  prisms,  melting  at  172°  C. 
It  is  easily  oxidised,  and  is  dextrorotatory  (Hesse,  1872). 

CONQUINAMINE  (C19H24ISr2O2)  also  occurs  in  prisms,  melts  at  121°  to 
123°  C.,  is  dextrorotatory,  and  easily  oxidised  (Hesse,  1877). 

DIQUINIDINE  (C40H46N4O3)  forms  the  greater  part  of  "  amorphous 
alkaloids."  Its  salts  are  non-crystalline  and  dextrorotatory  (Hesse,  1877). 

DICINCHONINE  (C38H44N402)  is  also  amorphous.  It  was  found  by  Hesse 
in  C.  succiriibra  and  C.  rosulenta. 

CUPREINE  (C19H22N202)  belongs  more  to  the  Remijia  alkaloids,  but  it  is 
closely  allied  to  quinine,  which,  as  we  have  said,  is  methyl  cupreine.  It 
was  isolated  by  Paul  and  Cownley  (1884)  in  prismatic  crystals,  melting 
(after  desiccation)  at  198°  C.  It  is  very  slightly  soluble  in  chloroform  or 
ether,  more  so  in  alcohol.  Like  quinine,  it  gives  the  thalleioquin  reaction, 
but  its  sulphate  is  not  fluorescent. 

HOMOQUININE  (C3!)H46N404),  also  obtained  by  Paul  and  Cownley  (1881), 
is  composed  of  quinine  and  cupreine  in  combination.  It  can  be  decom- 
posed into  these  bodies  by  alkaline  solutions,  and  synthesised  by  acid  ones. 
It  occurs  in  small  plates  or  prisms  with  1  to  4  H20,  and  when  anhydrous 
melts  at  177°  C.  It  is  Irevorotatory. 

HOMOCINCHONINE  (C19H22N20),  HoMOCiNCHONiDiNE  (C19H22N20,  ?  iden- 
tical with  cinchonidine),  JAVANINE,  and  PARICINE  (C16H18N2O)  have  been 


ARICINE — QUINOVA  RED.  595 


prepared  by  Hesse  from  particular  samples  of  cinchona.  QUINICINE, 
doubtfully  exists  in  cinchona  barks  as  such.  It  is  isomeric  with  quinine 
and  quinidine,  and  may  be  obtained  by  heating  these. 

The  remaining  alkaloids  occur  in  the  less  common  forms  of  cinchona  or 
in  Remijia  barks.  They  contain  more  oxygen  than  the  preceding,  and  are 
comparatively  unimportant.  Unless  otherwise  stated,  they  were  obtained 
by  Hesse. 

ARICINE  (C23H26N204),  isolated  by  Pelletier  and  Carriol  (1829)  from 
C.  ji/ibescens,  occurs  in  prismatic  crystals,  melting  at  188°  C.  It  has  no 
bitter  taste,  is  almost  insoluble  in  water,  has  a  very  slight  alkaline  reaction, 
and  is  Irevorotatory. 

CUSCONINE  (C23H26N2O42H20),  found  by  Leverkohn  (1829)  in  cusco 
bark,  also  occurs  in  prisms,  which  melt  at  110°  C.  It  is  almost  insoluble 
in  water,  and  is  laevorotatory. 

CUSCONIDINE,    CUSCAMINE,    CUSCAMIDINE,    CONCUSCONINE,    and    CONCUS- 

CONIDINE  are  substances  of  which  little  is  known. 

CHAIRAMINE,  CHAIEAMIDINE,  CONCHAIRAMINE,  and  CONCHAIRAMIDINE 
(C.,0H90N204,  H20)  are  isomeric  alkaloids,  prepared  from  Remijia  purdiana. 

Non  -  alkaloidal  Constituents.  —  QUINOVIN,  a  -  QUINOVIN,  or  QUINOVA 
BITTER  (C^H^Og  or  C^H^Ou),  is  a  glucoside.  It  was  isolated  in  1821  by 
Pelletier  and  Caventou  as  a  white  crystalline  powder.  It  has  a  very  bitter 
taste,  is  almost  insoluble  in  water,  but  readily  soluble  in  weak  alkalies  and 
dilute  alcohol.  It  is  broken  up  on  digesting  with  hydrochloric  acid  into 
quinovic  acid  and  a  sugar,  quinovite  (Hlasiwetz,  1859). 

A  similar  substance,  /3-QuiNOViN,  has  been  isolated  from  cuprea  bark. 

QUINOVITE  (C6H90(OH)3)  (?)  has  been  obtained  as  a  highly  hygroscopic 
vitreous  mass,  with  a  sweet  taste  and  bitter  after-taste.  It  is  dextro- 
rotatory, reduces  Fehling's  solution,  but  does  not  ferment. 

QUINOVIC  ACID  (C^H^C^  or  C32H480C  or  C33H5?06),  the  other  decom- 
position product  of  quinovin,  is  also  said  to  occur  in  small  quantities  in 
the  bark.  It  is  obtained  in  needles  or  hexagonal  scales,  insoluble  in  water, 
but  readily  soluble  in  alkalies,  producing  a  frothing  solution.  It  is  lievo- 
rotatory. 

QUINIC  ACID  (CCH7(OH)4COOH),  discovered  by  Hoffmann  (1790), 
occurs  to  the  extent  of  5  to  7  per  cent,  in  the  bark.  It  forms  transparent 
oblique  rhombic  prisms,  melting  at  162°  C.,  and  readily  soluble  in  water. 
The  solution  is  strongly  acid,  and  is  kevorotatory.  Heated  with  man- 
ganese dioxide  and  sulphuric  acid,  it  decomposes,  and  yellow  crystals  of 
quinone  collect  on  the  cooler  parts  of  the  apparatus.  This  test  was 
suggested  by  Stenhouse  as  a  means  of  determining  true  cinchona  barks. 

CINCHO-TANNIC  ACID  (C14H16092H20)  occurs  to  the  extent  of  2  to  4  per 
cent.,  and  may  be  obtained  as  a  yellow  hygroscopic  mass.  It  readily 
absorbs  oxygen.  Treated  with  ammonia  or  boiled  with  dilute  acids,  it 
decomposes,  yielding  a  sugar  and  cinchona  red. 

CINCHONA  BED,  CINCHO-FULVIC  ACID  (C12H1407  or  C18H22014),  is  a  brown- 
ish red  powder,  almost  insoluble  in  water.  It  may  occur  to  the  extent  of 
10  per  cent,  in  thick  red  bark.  According  to  some,  it  is  a  phlobaphene, 
and  has  the  formula  C28H24013. 

QUINOVA-TANNIC  ACID  (C14H1808  ?)  has  been  obtained  as  an  amber 
yellow  mass  from  the  bark  of  C.  nova.  It  is  soluble  in  water,  absorbs 
oxygen  in  the  presence  of  alkalies,  and,  boiled  with  dilute  acids,  yields 
a  sugar  and  quinova  red. 

QUINOVA  RED  (C28H20012)  is  a  black,  glistening  resin,  almost  insoluble 
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in  water,  readily  in  alcohol  and  alkalies.  Like  cinchona  red,  it  yields, 
when  melted  with  caustic  alkalies,  protoeatechuic  acid. 

CINCHOCERATIN  (C^H^C^)  has  been  isolated  from  C.  calisaya.  It  is 
insoluble  in  water,  and  on  oxidation  yields  certain  fatty  acids. 

Varieties  of  cinchona. — Those  mainly  cultivated  are  C.  succirubra,  C. 
officinalis,  C.  calisaya,  and  a  variety  of  this,  C.  ledyeriana.  Others  are 
occasionally  employed  in  the  preparation  of  quinine,  but  they  are  of  little 
importance.  The  cultivation  is  chiefly  carried  on  in  India  and  the  East 
Indies,  and  every  endeavour  is  made  to  obtain  a  bark  .as  rich  in  quinine 
as  possible. 

Besides  the  method  of  cultivation,  the  mode  of  gathering  the  bark  is 
of  importance.  This  is  accomplished  in  several  ways.  In  the  forests  of 
South  America  the  trees  are  simply  felled,  and  the  bark  stripped  off  and 
gently  dried.  Cultivated  trees  are  often  treated  in  a  different  manner. 
Sometimes  they  are  allowed  to  grow,  and  after  a  suitable  time  about  half 
the  bark  is  removed  in  narrow  elongated  strips.  Alternating  with  these, 
similar  strips  are  left  intact.  The  exposed  parts  are  then  covered  by  moss, 
and  under  this  a  new  bark  (mossed  bark),  which  is  often  richer  in  quinine 
than  ordinary  bark,  forms.  The  remainder  of  the  original  bark  is  then 
removed,  and  the  exposed  parts  again  mossed,  and  after  a  suitable  interval 
the  whole  of  the  new  bark  is  stripped  off.  A  modification  of  this  process, 
known  as  "  shaving,"  is  sometimes  employed.  By  this  method  the  deeper 
layers  of  the  bark  are  left  intact,  and  a  covering  is  thereby  rendered 
unnecessary.  But  the  time  involved  in  these 'processes  is  a  serious  draw- 
back, and  the  method  of  "  uprooting,"  by  which  the  rich  root  bark  is 
obtained  with  that  of  the  trunk,  is  finding  favour.  The  quilled  bark  of 
the  pharmacists  is  obtained  from  pollard  trees,  the  bark  being  taken  from 
the  young  shoots. 

The  amount '  of  alkaloids  in  cultivated  barks  varies  considerably.  It  is 
usually  5  to  6  per  cent.,  but  it  may  be  much  more.  The  richest  bark  yet 
obtained  was  a  specimen  of  C.  ledgeriana,  which  yielded  14'5  per  cent. 
The  following  table,  extracted  from  one  by  Hooper,  gives  a  good  idea  of 
the  general  composition  of  those  barks : — 


SOURCE  OF  BARK. 

Quinine. 

Cinchon- 
idine. 

Quinidine. 

Cinchon- 
ine. 

Amorphous 
Alkaloids. 

Total 
Alkaloids. 

Species. 

Description. 

/ 

Natural 

1-91 

1-14 

2-11 

0-88 

6-04 

Mossed 

1-69 

1-68 

2-03 

0-98 

6-34 

Renewed 

1-84 

1-25 

1-48 

0-71 

5-28 

C.  succirubra   ' 

Branch 

1-38 

1-59 

2-28 

1-16 

6-41 

Root 

1-24 

1-43 

0-41 

0-77 

1-27 

5-12 

Renewed 

2-30 

2-06 

1-16 

1-45 

6-97 

(shavings) 

Natural 

2-77 

0-39 

0-16 

1-57 

0-50 

5-39 

C.  officinalis  . 

Mossed 

3-40 

0-45 

0-20 

1-50 

0-62 

6-17 

Renewed 

4-21 

0-65 

0-22 

0-85 

0-70 

6-63 

C.  calisaya    .  -! 

Natural 
Branch 

1-21 
0-59 

2-13 
1-93 

2-32 
073 

0-29 
0-48 

5-95 
373 

C.  ledgeriana  -! 

Natural 
Branch 

5-49 
2-21 

0-82 
1-07 

1-33 
0-49 

0-88 
0-50 

8-52 
4-27 

1 

C.  ledgeriana  is  seen  to  be  the  richest  in  quinine,  and  is  the  species 
now  mainly  cultivated.  C.  succinibra,  the  official  bark  of  the  British 
Pharmacopreia  for  cinchona  preparations,  often  contains  more  cinchonine 
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mid  einchonidine  than  quinine,  but  it  is  of  fairly  constant  composition,  and 
is  easily  procurable,  and  old  experiments  proved  it  superior  to  others. 
These  facts  have  apparently  weighed  with  the  authorities  in  the  choice  of 
a  hark.  As  found  in  commerce,  it  occurs  in  quilled  or  more  or  less  incurved 
pieces,  varying  from  2  in.  to  1  ft.  or  more  in  length.  The  outer  surface  is 
brownish,  and  rough  from  longitudinal,  and  often  transverse,  ridges.  The 
inner  surface  is  reddish  brown  and  coarsely  striated.  For  official  purposes 
it  must  contain  from  5  to  6  per  cent,  of  total  alkaloids. 

The  other  cinchona  barks  have  a  similar  appearance,  but  each  possesses 
special  characteristics  for  which  works  on  Materia  Medica  must  be 
consulted. 

Pharmacology. — As  already  stated,  the  activity  of  cinchona  bark  is 
almost  solely  due  to  the  alkaloids  it  contains,  and  of  these  quinine  is  the 
chief.  It  has  been  most  largely  investigated  pharmacologically,  and  now 
it  is  almost  the  only  one  used  therapeutically.  We  shall  therefore  com- 
mence with  the  action  of  this  substance,  and  afterwards  compare  with  it 
the  action  of  the  other  important  alkaloids. 

When  Pelletier  and  Caventou  isolated  quinine,  they  passed  it  on  to 
Magendie  for  physiological  investigation.  He  reported  that  10  grs.  in- 
jected, as  a  salt,  intravenously  into  a  dog  produced  no  ill  effects,  and  he 
therefore  regarded  it  as  n  on -poisonous.  Later,  distinct  effects  were 
obtained  by  others.  Both  on  animals  and  men  gastro-intestinal  irritation 
and  nervous  symptoms  were  observed,  and  Recamier  even  ascribed  a 
death  to  its  use.  :i-,'tf> 

To  its  nervous  action  its  curative  influence  in  ague  was  attributed. 
Although  Piorry  had  stated  that  it  acted  by  contracting  the  spleen,  this  was 
not  generally  accepted.  The  nervous  theory  had  much  more  to  recommend 
it.  The  disease  was  regarded  by  most  as  nervous  in  origin,  and  as  it  was  found 
that  comparatively  small  doses  of  quinine  produced  cerebral  symptoms — 
headache,  dizziness,  noises  in  the  ears,  and  more  serious  intoxication — the 
deduction  seemed  obvious.  The  nervous  theory  was  even  maintained  by 
some  up  to  the  time  of  the  investigations  of  Klebs  and  Tommasi-Crudeli, 
and  of  Laveran. 

External. — Action  on  simple  organisms. — The  most  important  research 
on  the  action  of  quinine  was  made  by  Binz  in  1867.  He  found  that  the 
addition  of  small  amounts  of  the  hydrochloride,  in  neutral  or  slightly 
alkaline  solution,  quickly  paralysed  and  even  killed  the  lower  forms  of 
life  in  hay  infusions,  while  other  bitters  and  other  alkaloids  had  scarcely 
any  effect.  It  was  further  found  that  nearly  all  protozoan  forms  were 
susceptible  to  quinine.  Fresh  water  amoebae,  exposed  to  1  in  50,000  of 
the  hydrochloride,  assumed  within  six  hours  the  spheroidal  form  and 
were  apparently  dead ;  1  in  1000  proved  instantly  fatal,  death  being 
rapidly  followed  by  disintegration.  Paramecia  were  affected  in  a  similar 
way  :  1  in  400  caused  immediate  paralysis  and  the  protoplasm  became 
granular  and  quickly  dissolved  ;  1  in  20,000  produced  commencing  paralysis 
in  five  minutes ;  in  two  hours  the  animals  were  motionless  ;  later  they 
decomposed.  A  few  protozoans — salt-water  amoebae  and  euglena — were 
found  insusceptible  to  quinine.  From  these  experiments,  Binz  suggested 
that  malaria  would  be  found  to  be  due  to  some  organism  inducing  fer- 
mentation, which  quinine  destroyed,  and  the  correctness  of  this  supposition 
has  now  been  verified. 

Binz  also  found  that  quinine  acted  upon  the  white  blood  corpuscles 
in  a  similar  manner  to  the  amoeba.  Thus,  if  the  finger  be  pricked  after 
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a  ineal,  and  a  drop  of  the  exuded  blood  be  carefully  mixed  with  a  sum  11 
drop  of  1  in  500  quinine  hydrochloride  solution,  and  the  mixture  be 
examined  on  a  warm  stage  under  a  high  power  of  the  microscope,  the 
colourless  corpuscles  will  be  found  to  become  rounded,  more  sharply 
contoured  and  coarsely  granular  ;  their  natural  adhesiveness  will  disappear, 
and  their  nuclei  will  become  larger  and  more  evident.  The  red  corpuscles 
remain  apparently  unaltered.  These  changes  may  occur  even  with  a 
dilution  of  1  in  20,000  (Engelmann).  A  similar  though  less  marked  action 
is  produced  on  the  white  corpuscles  while  in  the  blood  vessels.  Thus  the 
diapedesis  which  naturally  occurs  when  the  mesentery  of  a  freshly  caught 
frog  is  placed  under  the  microscope,  is  to  a  great  extent  prevented  if 
quinine  is  given  previously  and  repeated.  If  diapedesis  has  commenced 
before  the  quinine  begins  to  act,  a  remarkable  appearance  is  produced : 
the  exuded  lymph  cells  wander  further  afield,  but  as  they  are  not  replaced 
by  others  from  the  blood  vessel,  a  clear  zone  is  left  between  them  and 
the  vessel.  In  the  blood  vessel  itself  the  leucocytes  are  seen  to  be  less 
active  and  fewer  in  number.  On  applying  a  quinine  solution  locally  to 
the  mesentery,  the  leucocytes  at  first  transude,  but  are  soon  paralysed, 
and  form  on  each  side  of  the  vessel  a  line  of  coarse  granules  (Binz, 
Scharrenbroich,  Kerner). 

These  experiments  of  Binz  and  his  pupils,  although  occasionally 
questioned,  have  been  repeatedly  confirmed,  and  are  now  generally 
accepted.  They  are  important,  as  marking  a  new  era  in  our  conception  of 
the  action  of  quinine.  This  action  appears  to  be  mainly  one  upon  proto- 
plasm itself,  especially  the  slightly  differentiated  protoplasm  of  unicellular 
organisms.  Its  beneficial  influence  in  malaria  is  due  to  its  action  on  the 
lowly  organised  forms  which  cause  this  disease.  But  it  also  acts  upon 
highly  differentiated  protoplasm,  and  may  be  considered,  with  certain 
restrictions,  as  a  protoplasmic  poison.  Thus  it  acts  upon  the  brain  and 
produces  nervous  symptoms,  directly  upon  the  muscular  tissue  of  the  heart 
and  voluntary  muscles,  and,  if  directly  applied,  upon  secretory  cells.  Its 
action  as  an  antipyretic  in  fever  is  due,  in  part,  to  its  depressing  influence 
on  tissue  metabolism  generally,  and  its  antiseptic  action  to  its  paralysing 
influence  on  bacteria. 

This  apparently  simple  action  stimulated  inquiry  as  to  the  manner 
in  which  it  acts.  Kossbach  thought  it  was  a  direct  combination  with 
albumin,  as  he  found  that  albumin  treated  with  quinine  coagulated  at 
a  lower  temperature  than  albumin  alone,  and  that  the  coagulum,  washed 
until  the  washings  were  free  from  quinine,  still  contained  this  body,  which 
had  no  effect  on  fresh  albumin.  Against  this  view  Biuz  brings  the  serious 
objection  that  paramecia  and  other  protozoan  forms  disintegrate  when 
treated  with  moderately  strong  doses  of  quinine,  and  therefore  this  sub- 
stance exerts  a  destructive  action  upon  the  cell.  He  is  apparently  inclined 
to  the  view  that  in  some  way  it  is  connected  with  an  interference  with 
oxidation.  The  changes  produced  in  the  lower  organisms  by  quinine  are 
similar  to  those  produced  by  want  of  oxygen,  but  as  the  possible  changes 
which  may  occur  in  these  bodies  are  few,  the  connection  is  of  doubtful 
significance.  Greater  stress  has  been  laid  on  the  fact  that  quinine  inhibits  or 
retards  the  oxidising  power  of  protoplasm.  Thus  it  prevents  the  oxidation 
of  guaiac  resin  when  hydrogen  peroxide  or  turpentine  and  some  form  of 
living  protoplasm  are  added  to  a  fine  suspension  of  it  in  water.  Under 
ordinary  circumstances  this  turns  blue  at  once ;  after  the  addition  of 
quinine  no  change  or  but  a  slight  one  occurs.  This  is  simply  due  to  the 
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}b  that  the  quinine  has  paralysed  the  activity  of  the  protoplasm.  When 
perfused  through  isolated  organs,  quinine,  according  to  Jaquet,  exerts  little 
effect  on  the  oxidation  of  substances ;  but,  according  to  previoiis  observations 
of  Schmiedeberg  and  Hoffmann,  0'5  per  cent,  quinine  diminishes  to  one- 
-iixth  the  formation  of  hippuric  acid  by  the  kidney. 

Antiseptic  action. — Upon  most  bacteria  and  their  spores  quinine  exerts 
powerful  action.  It  is  more  powerful  than  salicylic  acid  and  phenol,  but 
inch  less  powerful  than  the  soluble  salts  of  mercury  and  silver.  About 
0'2  per  cent,  solutions  are  antiseptic.  This  strength  prevents  acetic  and 
butyric  acid  fermentations  and  the  decomposition  of  albuminous  sub- 
stances. Some  bacilli  are  more  susceptible  ;  others,  especially  anthrax 
spores  and  the  spirillum  of  relaxing  fever,  are  more  refractory  (Koch). 
The  antiseptic  action  of  cinchona  has  been  know'n  for  some  time.  Pringle 

1750  observed  that  the  decoction  and  powder  of  cinchona  bark  pre- 
vented to  some  extent  the  putrefaction  of  flesh  ;  and  Humboldt  states  that 
the  natives  of  Peru  were  in  the  habit  of  purifying  (?)  foatid  pools  by 
throwing  in  logs  of  cinchona.  In  general,  quinine  is  fatal  to  moulds,  but, 
on  standing  exposed  to  the  air,  solutions  of  the  sulphate  quickly  become 
infected  with  the  common  penicillium,  which  grows  rapidly.  Yeast  cells 
are  as  susceptible  as  bacteria.  Liebig  found  that  0'2  per  cent,  in  a  solution 
containing  5  per  cent,  of  sugar  hindered  the  action  of  yeast  so  much  that 
475  per  cent,  of  sugar  was  present  after  forty-eight  hours,  whereas  in 
a  control  it  had  totally  disappeared. 

Antizymotic  action. — Upon  unorganised  enzymes  quinine  acts  much  less 
powerfully.  On  the  ferment  of  the  saliva  and  on  the  action  of  emulsin 
on  amygdalin  it  has  practically  no  effect ;  but  it  exerts  a  slight  retarding 
influence  on  the  action  of  the  gastric  and  pancreatic  juices. 

Local  effects. — Besides  its  antiseptic  action,  quinine  possesses  no  other 
important  local  influence.  Applied  to  mucous  membranes  or  denuded 
surfaces  in  large  amounts,  it  irritates,  and  when  injected  hypodermically 
it  produces  pain.  Skin  eruptions  have  also  resulted  from  its  use,  and  by 
means  of  cataphoresis  they  have  been  produced  experimentally.  The 
workers  in  quinine  factories  not  infrequently  suffer  from  cutaneous  erup- 
tions, which  in  all  probability  are  due  in  most  cases  to  a  local  action.  Its 
influence  on  the  alimentary  canal,  which  is  also  mainly  local,  will  be  given 
later. 

Internal. — General  action. — When  small  doses  (1  to  2  grs.)  of  quinine 
are  taken  by  a  healthy  individual,  little  effect  is  produced  beyond  that  of  any 
vegetable  bitter  (see  "Bitters").  If  repeatedly  given,  noises  in  the  ears, 
dizziness,  headache,  restlessness,  and  even  more  serious  symptoms  may 
develop,  but,  as  a  rule,  these  require  larger  doses.  After  large  amounts, 
gastro-intestinal  irritation — heaviness  at  the  epigastrium,  vomiting,  and 
diarrhoea — followed  by  general  symptoms — more  or  less  marked  deafness, 
diminished  vision  to  complete  blindness,  excitement  with  delirium,  or  more 
usually  depression,  and  weak  pulse,  followed  by  symptoms  of  collapse,  and 
even  death,  occur.  The  dose  producing  these  varies  greatly.  Less  than  a 
drachm  is  said  to  have  caused  death  in  one  and  a  half  days,  whereas  more 
than  an  ounce  has  produced  only  slight  deafness  and  stupor.  This  can 
only  be  accounted  for  by  a  variability  in  absorption.  Quinine  sulphate, 
the  salt  of  quinine  most  frequently  administered,  is  very  slightly  soluble  in 
water,  and  in  the  last-named  case  there  can  be  little  doubt  that  much  of  it 
was  not  absorbed. 

In  certain  individuals  a  peculiar  susceptibility   (idiosyncrasy)   exists 
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towards  quinine.  Small  doses  produce  serious  and  it  may  be  uncommon 
effects.  Besides  deafness  and  blindness,  aphasia,  haemorrhages  from  various 
parts,  skin  eruptions,  maniacal  excitement  with  hallucinations,  renal  and 
other  symptoms  have  been  described.  Allen  of  New  York  mentions  a  case 
in  which  TV  gr.  of  quinine  invariably  produced  an  erythematous  or  bullous 
eruption  ;  and  Krannhals  one  in  which  3  grs.  was  followed  by  fever,  bloody 
stools,  and  severe  prostration,  which  disappeared  on  the  following  day,  and 
were  reproduced  some  weeks  later  by  a  repetition  of  the  same  dose  of 
quinine.  To  these  untoward  effects  the  name  of  cinchonixm  or  quinism  has 
been  applied.  The  individual  symptoms  will  be  dealt  with  later  under  the 
several  systems. 

Alimentary  canal. — The  chief  action  of  quinine  on  this  system  is  that 
of  a  bitter.  The  bitter  taste  is  evident  in  1  to  30,000  solution;  in  stronger 
solutions  it  is  well  marked  and  persistent.  As  the  action  of  bitters  has 
been  dealt  with  in  other  parts  of  this  work,  it  is  unnecessary  to  repeat  it 
in  detail.  It  is  mainly  reflex.  There  is  slight  reflex  salivation  and  gastric 
secretion,  and  a  psychical  influence,  which  varies  in  different  individuals,  and 
which  is  difficult  to  estimate.  In  the  stomach  the  action  is  doubtful. 
Most  observers  believe  there  is  mild  stimulation,  and  probably  quinine 
acts  to  some  extent  in  this  way.  But  large  doses  of  quinine  undoubtedly 
irritate,  and  produce  uneasiness,  nausea,  and  vomiting,  even  of  bilious  and 
sanguinolent  matter.  Moderate  doses  are  usually  well  borne.  In  the 
stomach,  owing  to  its  bactericidal  action,  it  acts  as  a  mild  gastric  anti- 
septic. In  rare  cases  salivation  has  been  produced  by  quinine.  It  is 
doubtful  whether  it  influences  digestion.  As  already  stated,  it  is  believed 
to  retard  digestion  as  such — less  peptone  being  formed  from  a  definite 
amount  of  albumin  in  a  given  time — but  whether  the  reflex  effects  on 
the  stomach,  and  the  mild  stimulation  of  the  gastric  mucous  membrane, 
do  not  more  than  counterbalance  this,  has  not  been  decided. 

On  the  intestines  it  possesses  no  distinct  action,  except  in  large  doses. 
Then  it  produces  irritation,  and  may  cause  diarrhoea,  which  in  a  few  cases 
has  been  hsemorrhagic.  This  is  especially  the  case  in  inflammatory  con- 
ditions of  the  intestine.  Diarrhoea  has  also  been  noticed  after  hypodermic 
administration. 

Blood. — After  absorption,  quinine  circulates  in  the  blood  in  a  state  of 
solution,  probably  in  the  form  of  a  carbonate.  Upon  the  red  corpuscles  it 
exerts  little  effect.  Manassein  has  described  an  increase  in  size,  and 
Lepine  a  destructive  influence  on  the  red  blood  corpuscles,  but  this  does 
not  occur  under  ordinary  conditions.  The  haemoglobin  is  also  apparently 
uninfluenced,  although  the  oxidising  power  of  the  blood  is  diminished,  and 
oxygen  is  given  off  less  readily.  The  reducing  action  of  the  tissues  on  the 
blood  is  prevented  or  diminished  by  quinine ;  and  the  so-called  "  acid 
fermentation  "  of  the  blood  is  delayed  by  it.  Its  action  on  leucocytes  has 
been  described  (p.  598).  During  life  the  numbers  of  these  are  much  reduced, 
but  they  do  not  lose  all  movement,  as  happens  outside  the  blood  vessels. 
The  cause  of  the  reduction  is  unknown,  but  it  has  been  attributed  to  an 
action  on  the  blood-forming  glands.  Of  these,  the  effect  on  the  spleen  has 
been  most  noted.  It  has  long  been  known  that  the  enlarged  spleen  of 
malaria  diminished  under  quinine,  and  the  same  effect  has  been  observed 
in  leukaemia.  It  has  also  been  said  to  occur  under  normal  conditions,  and 
by  Mosler  and  Landois  after  all  the  nerves  are  cut.  Binz  attributed  this 
effect  .to  a  diminished  activity,  not  to  any  influence  on  the  muscular  fibres, 
and  this  has  been  proved  by  Horbaczewski. 
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Circulation. — When  injected  into  the  circulation,  soluble  salts  of  quinine 
cause,  in  small  doses,  a  slight  rise  of  blood  pressure,  and  an  increased 
frequency  in  the  heart  beats;  in  larger  doses,  they  cause  a  slight  rise, 
followed  by  a  gradual  and  continued  fall.  The  former  was  attributed  by 
Jerusalemsky,  who  failed  to  obtain  it  after  section  of  the  spinal  cord,  to 
stimulation  of  the  vasomotor  centre ;  but,  like  the  latter,  it  is  in  all 
probability  due  to  a  direct  action  upon  the  heart  and  blood  vessels.  The 
rise  of  blood  pressure  has  not  been  obtained  by  all,  but  most  of  the  more 
recent  investigators  describe  it.  Santesson  obtained  it  after  intraperitoueal 
injections  of  ^  per  cent,  quinine  solutions,  but  failed  to  obtain  it,  or  any 
result  whatever,  from  injection  into  the  stomach.  See  and  Bochefontaine, 
however,  describe  a  marked  rise  from  this  mode  of  administration.  The 
fall  is  undoubtedly  the  more  characteristic.  Santesson  found  the  pulse  rate 
to  follow  in  general  the  blood  pressure,  but  during  the  fall  the  pressure  sank 
more  rapidly  and  markedly  than  the  pulse  frequency,  a  phenomenon 
suggesting  a  peripheral  action  as  a  primary  cause  of  the  falling  blood 
pressure.  The  heart  beats  soon  became  slower  and  feebler,  irregularity 
set  in,  and  finally  the  heart  failed. 

The  action  on  the  heart  alone  has  been  attributed  to  paralysis  of  the 
vagus  endings,  or  to  stimulation  of  the  motor  ganglia,  but  it  is  probably 
a  direct  action  on  the  muscle  substance  itself.  The  effect  is  not  inhibitory. 
The  vagus  is  still  stimulable  after  the  application  of  quinine,  although  to 
much  less  extent.  On  perfusing  the  excised  heart  of  a  frog  with  quinine 
solutions  (above  1  to  60,000),  Sautesson  found  it  to  be  depressed ;  both  rate 
and  pulse  volume  were  diminished — the  latter  the  most  markedly — and 
finally  the  heart  stopped  in  diastole.  By  replacing  the  quminised  blood  by 
poisoned  blood,  the  heart  commenced  to  beat  again,  and  the  contractions 
became  normal.  According  to  some,  there  is  a  preliminary  stage  of 
stimulation.  Strong  solutions  (1  in  5000)  produce  rapid  and  powerful 
dilatation,  but  if  continued  the  dilated  heart  contracts,  and  assumes  the 
appearance  of  rigor  mortis  (Wild). 

Wild  found  a  similar  influence  on  striped  and  unstriped  muscle,  and 
he  believes  that  the  action  is  essentially  the  same  on  all  forms  of  contractile 
tissue.  When  the  muscle  of  a  frog  was  steeped  in  quinine  solutions  (above 
1  to  6000),  at  first  it  contracted  more  powerfully,  but  gradually  shortened, 
lost  its  irritability,  and  entered  into  a  condition  resembling  rigor.  The 
action  was  not  due  to  any  influence  on  the  nerve-endings,  although  these 
lose  their  irritability  first,  as  the  stimulus  employed  was  powerful,  and  the 
same  effect  was  obtained  on  curarised  muscles. 

On  blood  vessels,  quinine  exerts  an  influence  similar  to  that  on  other 
contractile  tissues.  Perfusion  of  solutions  of  quinine  salts  through  the 
vessels  of  excised  organs  of  warm-blooded  animals  (Robert,  Thomson),  or 
through  cold-blooded  animals  (Wild),  produce  marked  dilatation.  Here 
there  is  no  nervous  influence.  The  experiments  also  support  Santesson's 
view,  that  dilatation  of  the  blood  vessels  is  in  part  responsible  for  the  fall 
of  blood  pressure. 

On  the  circulation  of  man  small  doses  produce  no  obvious  effects. 
Dilatation  of  the  cutaneous  vessels  has  been  described  by  Maragliano,  who 
made  a  number  of  plethysmographic  experiments,  but  there  is  no  depres- 
sion of  the  heart.  After  large  doses  there  is  distinct  depression;  the  pulse 
becomes  weak  and  slow,  and  it  may  be  almost  imperceptible.  In  very 
susceptible  persons  the  heart  may  be  abnormally  affected,  severe  depression 
and  collapse  occurring  after  comparatively  small  doses ;  but  this  is  rare. 
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A  more  important  idiosyncrasy  is  the  occurrence  of  hcemorrhayes.  These 
may  result  from  almost  any  secreting  organ.  The  kidney  and  uterus  are 
perhaps  more  commonly  affected ;  but  haemoptysis,  epistaxis,  hu-inateniesis, 
mela'ua,  haemorrhage  from  the  gums,  and  purpura,  have  been  observed. 
Not  infrequently  there  is  combination  of  these — melsena  and  epistaxis, 
for  example,  occurring.  Koch  believes  that  htemoglobinuric  fever  is  the 
result  of  quinine  poisoning,  but  this  view  is  not  generally  accepted. 
The  explanation  of  these  haemorrhages  is  not  easy;  indeed,  it  is  doubt- 
ful if  it  is  the  same  in  all  cases.  A  peculiar  sensitiveness  of  the  capillary 
vessels  has  been  assumed,  but  this  will  scarcely  account  for  the  haemoglobi- 
nuria  and  methaemoglobinuria  which  have  been  observed,  nor  does  it  seem 
sufficient  to  explain  the  cases  of  menorrhagia.  This  seems  to  have  some 
connection  with  the  ecbolic  action  of  quinine.  But,  leaving  aside  the 
haemorrhages,  such  as  melaena,  which  may  result  from  a  direct  action,  the 
others  may  be  due  to  an  alteration  in  the  blood  corpuscles  or  blood  vessels, 
possibly  to  the  two  combined.  It  is  noteworthy  that  they  occur  mainly 
from  secreting  surfaces,  and  that  they  are  commoner  in  disease  than  in 
health.  Murri,  indeed,  believes  that  hsemoglobiuuria  only  occurs  after  the 
administration  of  quinine  in  certain  individuals  who  have  recently  had 
malaria. 

Respiration. — No  very  marked  influence  is  exerted  by  quinine  on  this 
system.  Small  doses  increase  the  extent  of  respiration  ;  large  doses  cause 
it  to  become  weak  and  irregular,  and  finally  induce  death  by  paralysing  it. 
After  moderate  doses  a  preliminary  stimulation  of  the  respiratory  centre 
has  been  described  in  animals — the  respirations  becoming  more  rapid. 
The  most  trustworthy  experiments  have  been  made  on  men.  Speck, 
experimenting  on  himself,  found  the  extent  of  respiration  increased  12  per 
cent. ;  Liepelt  also  obtained  a  distinct  increase.  In  rare  cases  an  asthmatic 
condition  has  been  produced  by  quinine,  a  feeling  of  suffocation,  with  rapid, 
irregular,  and  noisy  breathing.  The  analysis  of  respired  gases  is  given 
under  "  Metabolism." 

Nervous  system. — This,  being  a  highly  specialised  system,  is  particularly 
sensitive  to  the  so-called  protoplasmic  poisons.  The  first  general  symptoms 
produced  by  this  class  of  bodies  are  invariably  nervous ;  and  this  is  the  case 
with  quinine.  But  quinine  is  peculiar  in  affecting  the  special  senses  early 
and  disproportionately.  Leaving  these  for  later  consideration,  there  is 
experienced,  after  moderate  doses  (10  to  20  grs.),  sometimes  a  sense  of 
exhilaration,  followed  by  giddiness,  headache,  confusion  of  ideas,  and  even 
somnolence ;  after  large  doses,  depression,  delirium,  hallucinations,  and  it 
may  be  collapse.  Any  of  these  symptoms  may  be  predominant.  The 
headache  may  be  so  severe  as  to  cause  sleeplessness ;  the  somnolence  may 
mask  all  other  symptoms ;  the  delirium  may  pass  into  the  wildest  excite- 
ment. To  some  extent  the  symptoms  are  directed  by  the  presence  of 
disease.  Headache  is  said  to  be  more  severe  if  there  is  cerebral  congestion, 
somnolence  if  there  is  fever,  delirium  if  there  is  a  typhoid  condition. 
Mental  derangement  is  also  said  to  occur  more  easily  where  there  is 
a  hereditary  tendency  to  insanity,  although  it  occurs  in  others  after  large 
doses.  The  mental  symptoms  may  take  the  character  of  depression  or 
excitement ;  mania  or  melancholia  or  even  dementia  may  occur.  In  most 
cases  they  are  curable. 

Upon  the  spinal  cord  quinine  has  no  important  action.  Increased 
reflexes  and  tremors  have  been  noticed  after  ordinary  doses  in  men ;  and 
convulsive  movements,  and  even  tetanus,  have  been  described,  but  so  rarely 
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as  to  need  no  consideration.  Tremors  are  said  not  to  be  uncommon,  but  it 
is  doubtful  whether  the  tetanus  in  the  few  cases  published  was  due  to  the 
quinine.  The  most  extensive  investigations  have  been  made  on  the  frog. 
By  some,  increased  reflex  excitability,  followed  by  depression  and  paralysis, 
were  obtained ;  by  others,  no  increased  excitability  whatsoever.  The 
depression  is  constant,  but  the  explanations  of  it  given  are  by  no  means 
uniform.  It  has  been  attributed  to  stimulation  of  Setchenow's  centres,  to 
an  interference  with  the  circulation,  to  a  direct  action  upon  the  nerve  cells. 
Sedgwick  believed  it  to  be  due  to  stimulation  of  the  vagus  nerve,  mainly 
through  its  terminations  in  the  heart.  The  depression,  he  states,  is  pre- 
vented by  the  administration  of  atropine,  or  the  previous  section  of  both 
vagi,  and  is  different  in  the  pithed  and  unpithed  frog.  In  the  pithed  frog 
larger  doses  are  required,  and  the  effect,  he  says,  is  possibly  direct  on  the 
spinal  cord.  Chaperon  previously  had  found  that  the  loss  of  excitability, 
consequent  on  section  of  the  brain  above  the  optic  lobes,  was  abolished 
by  dividing  the  cord  below  the  medulla,  and  he  had  concluded  that  the 
action  was  mainly  on  the  inhibitory  centres  of  Setchenow.  Brunton  and 
Pardiugton,  however,  obtained  no  such  effect.  After  dividing  the  brain  above 
the  optic  lobes,  and  injecting  quinine  solutions  into  a  lymph  sac,  the  reflex 
activity  in  most  experiments  was  diminished,  but  it  was  still  further  de- 
creased by  subsequent  section  of  the  medulla.  Moreover,  the  same  effect 
was  obtained  by  injecting  a  weak  acid  solution,  which  suggests  that  the 
action  in  those  cases  at  least,  in  which  acid  had  been  used  as  a  solvent, 
was  reflex.  On  the  whole,  experiments  seem  to  show  that  the  action  of 
quinine  upon  the  spinal  cord  is  depressant,  and  in  all  probability  it  is  a 
direct  one  upon  the  nerve  cells  or  neurons  themselves. 

After  death  from  quinine,  the  nerves  and  muscles  of  the  frog  are  still 
irritable ;  but,  when  directly  applied,  quinine  depresses  the  nerve  termina- 
tions, and  kills  the  muscle. 

Special  senses. — Of  these,  the  sight  and  hearing  are  almost  constantly 
affected ;  smell  rarely ;  taste  chiefly  by  direct  application. 

One  of  the  earliest  symptoms  of  cinchonism  is  noises  in  the  ears, 
accompanied  by  more  or  less  deafness.  The  noises  may  be  of  a  rushing  or 
ringing  character,  slight  or  violent,  of  high  or  low  pitch,  and  they  may  be 
present  in  one,  or,  more  usually,  both  ears.  They  appear  from  a  half  to  one 
and  a  half  hours  after  administration,  and  may  come  on  suddenly  or 
gradually.  The  deafness  is  of  every  degree,  from  slight  to  complete,  and  is 
of  variable  duration.  Complete  recovery  may  occur  in  twenty -four  hours, 
but  usually  it  is  several  days.  Occasionally  it  lasts  months  and  years  ;  in 
a  few  cases  it  has  been  permanent. 

A  similar  course  and  similar  variations  occur  when  sight  is  affected. 
There  may  be  slight  amblyopia,  or  complete  blindness,  which  in  a  few 
instances  has  been  permanent.  It  may  be  uni-  or  bilateral,  and  may  come 
on  gradually,  or  more  often  suddenly.  Recovery  is  rarely  complete ; 
central  vision  is  good,  but  the  field  is  contracted,  and  more  markedly  for 
colours  than  for  ordinary  light.  During  recovery,  white  light  is  first 
perceived,  then  coloured.  In  one  case,  yellow,  blue,  red,  green,  was  the 
order  in  which  they  returned.  In  amblyopia  from  quinine,  contraction  of 
the  field  of  vision,  especially  for  colours,  has  been  observed.  A  central 
scotoma  has  also  been  seen,  and  a  permanent  indistinctness  of  vision,  white 
appearing  as  grey,  has  been  described ;  but  these  effects  are  rare.  Dumb- 
ness has  followed  the  administration  of  quinine  in  three  cases.  In  one 
it  lasted  two  years  (Lewin). 


604  CINCHONA  BARK  AND  ITS  ALKALOIDS. 

The  effect  on  the  central  nervous  system  is  due  to  a  direct  action  of  the 
quinine  on  the  nerve  cells  or  neurons.  No  other  explanation  seems 
possible.  It  acts,  as  we  have  seen,  on  nearly  all  forms  of  living  protoplasm, 
and  there  can  be  little  doubt  but  that  it  powerfully  affects  the  delicate  cells 
of  the  brain.  It  may  be  aided  by  some  vascular  changes,  but  this  we  do  not 
know.  The  effects  011  the  special  sensory  organs  have  been  attributed 
to  peripheral  changes.  Both  experimental  and  clinical  observations  have 
supported  this  view,  yet  it  is  doubtfully  correct.  As  regards  the  ear, 
Kirchner  found,  after  poisoning  anim'als  with  quinine  and  decalcifying  the 
ear,  hypera-mia  of,  and  blood  extravasations  into,  the  middle  and  internal 
ear,  the  spiral  canal,  the  basilar  membrane  supporting  the  auditory  rods, 
etc. ;  and  to  these  vascular  changes  he  attributed  the  auditory  symptoms. 
But  his  observations  were  objected  to,  on  the  ground  that  they  might  be  the 
result  of  the  mode  of  death.  On  this  account,  Grunert  has  recently 
investigated  the  effect  of  suffocation  by  strangulation  on  the  internal  ear. 
White  mice  and  pigeons  were  employed,  and  hyperoemia  and  haemorrhages 
in  all  parts  of  the  ear  were  found.  But  the  distribution  was  not  the  same 
as  in  Kirchner 's  experiments ;  no  extravasations  into  the  endolymph  were 
seen ;  and  Grunert  is  therefore  inclined  to  regard  the  haemorrhages  into  the 
ductus  cochlearis  as  specific.  The  cause  of  the  auditory  symptoms  is 
therefore  stated  to  be  a  vasomotor  lesion — a  paralysis  of  the  blood  vessels, 
with  subsequent  exudation.  There  is  some  clinical  evidence  to  support 
this  view.  Roosa  found  slight  injection  of  the  vessels  of  the  malleus  one 
hour  after  the  administration  of  quinine,  and  Wood  mentions  a  case  of 
chronic  middle  ear  disease  on  one  side,  in  which  unilateral  tinnitus  was 
produced  by  quinine ;  but  still  it  is  difficult  to  accept  the  explanation. 
There  is  no  apparent  reason  for  this  peculiar  selective  influence  of  quinine 
on  the  vessels  of  the  ear ;  if  it  occur,  it  is  probably  an  indirect  effect.  It  is 
true  that  quinine  dilates  blood  vessels,  but  only  in  large  doses.  On  the 
other  hand,  quinine  is  a  protoplasmic  poison,  and  affects  nervous  tissue  ;  and 
it  is  not  impossible  that  auditory  symptoms  are  due  to  some  action  on  the 
recipient  endings  or  the  centres  for  hearing.  This,  as  far  as  we  are  aware, 
has  not  been  determined. 

The  vascular  changes  observed  in  the  eye  are  the  reverse  of  those  in  the 
ear,  and,  as  in  the  case  of  the  ear,  they  have  been  thought  to  be  the 
cause  of  the  visual  symptoms.  Amemia  is  the  earliest  and  most  constant 
sign.  The  retinal  arteries  and  veins  are  contracted,  and  some  of  the  peri- 
pheral vessels  obliterated.  Occasionally  the  retina  appears  somewhat 
turbid.  A  blurring  of  the  margins  of  the  optic  disc,  in  a  few  cases 
embolism  of  the  central  vein,  and  in  advanced  cases  optic  atrophy,  have 
been  described,  but  none  of  these  have  been  regarded  as  primary.  The 
anaemia  has  been  held  as  being  mainly  responsible  for  the  symptoms,  a 
view  which  has  arisen  owing  to  the  constancy  and  early  appearance  of 
this  condition.  But  this  is  opposed  to  recent  investigations.  De  Bono 
found  that  symptoms  might  disappear  while  the  anarnia  remained, 
and  he  advanced  the  view  that  the  condition  was  due  to  a  paralysing 
influence  on  the  neuro-epithelium  of  the  retina.  After  experimental 
intoxication,  Ward  Hojden  observed  degenerative  changes  in  the  ganglion 
cells  and  nerve  fibres  of  the  inner  layer  of  the  retina  on  the  third 
day,  but  no  changes  in  the  inner  nuclear  layer,  in  the  structure  of  the 
arteries,  or  in  the  optic  nerve.  The  degenerative  changes  in  the  ganglion 
cells  increased.  An  ascending  degeneration  of  the  optic  fibres  followed,  and 
in  three  or  four  weeks  changes  in  the  optic  nerve  itself,  leading  to  complete 
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atrophy,  resulted.  In  a  still  more  recent  investigation,  De  Bono  (1899), 
after  careful  examination  of  the  retina  in  dogs  suffering  from  acute  quinine 
poisoning,  in  which  blindness  had  occurred,  found  changes  in  the  cortical 
cells  in  two  hours,  but  no  changes  in  the  retinal  ganglion  cells  until  the 
fourth  day,  when  slight  breaking  down  of  the  chromatin  bodies  was 
observed.  No  other  changes  were  seen  in  the  retina  or  the  optic  nerve. 
By  these  experiments  he  confirms  his  previous  opinion,  that  quinine 
paralyses  the  neuro -epithelium  of  the  retina,  and  that  this  is  the  primary 
cause  of  quinine  blindness.  In  permanent  blindness,  optic  atrophy  is 
probably  always  the  cause. 

Secretions. — Quinine,  in  ordinary  doses,  has  no  important  influence  on 
the  secretions.  When  applied  directly  to  gland  cells,  it  inhibits  their 
activity,  as  it  does  other  forms  of  protoplasm ;  but  this  action  plays  little 
influence  in  the  ordinary  pharmacological  effects  of  quinine.  Thus,  when 
injected  directly  into  a  salivary  duct,  it  stops  the  secretion,  although,  when 
given  in  the  ordinary  way,  it  occasionally  increases  it. 

It  is  stated  by  Kerner,  however,  to  act  as  an  anhidrotic,  and  in  all 
probability  this  is  due  to  direct  action  on  the  sweat  glands.  He  noticed 
that,  although  he  perspired  copiously  during  the  hot  summer  months,  after 
taking  quinine,  either  in  continued  small  or  single  large  doses,  he  perspired 
but  slightly,  or  not  at  all. 

The  urinary  secretion  is  not  distinctly  affected  by  small  doses ;  by 
moderate  ones  it  is  increased  slightly  (Kerner  and  Prior's  tables,  see  p.  607 
and  608) ;  by  toxic  doses  it  may  be  suppressed.  Large  amounts,  besides 
leading  to  anuria,  also  produce  more  or  less  acute  hyperremia  of  the 
kidney,  and  albuminuria,  haematuria,  and  htemoglobinuria.  These  may 
result  within  two  hours,  and  be  accompanied  by  fever  and  other  general 
symptoms  and  lumbar  pain.  They  last  usually  from  a  few  hours  to  several 
days,  that  is,  during  the  excretion  of  the  quinine.  The  action,  in  the  main, 
is  a  direct  one  upon  the  renal  cells.  Upon  the  biliary  and  other  secretions 
no  action  is  known. 

Uterus. — The  action  of  quinine  on  this  organ  is  uncertain.  It  often 
brings  on  labour  pains  in  pregnancy,  but  it  equally  often  fails,  and  its  value 
as  an  oxytoxic  agent  is  still  debated.  By  some  it  is  regarded  as  more 
valuable  than  ergot,  by  others  as  practically  useless.  The  literature  on  the 
subject  is  enormous.  There  can  be  little  doubt  that  in  certain  persons,  and 
under  certain  conditions,  quinine  has  a  decided  action  in  almost  any  stage 
of  pregnancy.  This  has  been  proved  by  numerous  observations.  In 
malaria,  for  example,  it  has  been  shown  that  in  certain  cases  labour  pains 
invariably  came  on  after  the  administration  of  quinine,  and  not  when  this 
was  not  given.  Towards  full  term  the  pains  are  more  easily  induced,  and 
labour  is  more  readily  completed.  The  pains  are  intermittent,  and  like 
normal  labour  pains.  They  come  on  in  from  one  to  several  hours  after  the 
administration,  and  apparently  produce  no  ill  effects.  The  women-workers 
in  quinine  factories  are  said  to  frequently  abort  and  become  sterile ;  and 
during  malaria  occurring  in  pregnancy  many  physicians  refuse  to  administer 
quinine,  on  account  of  its  tendency  to  induce  abortion.  Experimentally 
there  is  also  conflicting  evidence.  Out  of  seven  pregnant  animals  to  which 
quinine  was  given,  only  three  were  delivered ;  four  were  not,  and  to  one  of 
these  (a  cat)  sufficient  was  given  to  produce  death. 

Various  explanations  of  the  ecbolic  action  of  quinine  have  been  given, 
but  into  these  it  is  unnecessary  to  enter.  What  action  it  has  is  probably 
upon  the  uterine  muscular  tissue  itself,  but  there  is  some  undetermined 
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factor,  not  improbably  a  nervous  one,  which  complicates  the  issue. 
Atkinson,  in  an  admirable  summary  of  the  subject,  terms  it  an  idiosyncrasy. 
He  also  states  that  "  there  is  some  evidence  that  the  action  is  only  exerted 
under  large  doses  or  in  debilitated  subjects." 

In  non-pregnant  females  menstruation  is  sometimes  brought  on  by 
quinine.  Metrorrhagia  is  also  an  occasional  symptom,  although,  when 
given  after  labour,  by  contracting  the  uterus,  quinine  often  arrests 
haemorrhage. 

Metabolism. — After  a  slight  and  transient  increase,  the  metabolism  is 
depressed.  The  nitrogenous  and  other  constituents  of  the  urine — the  urea, 
uric  acid,  sulphates,  phosphates — are  diminished ;  the  gaseous  exchange, 
however,  remains  almost  unchanged.  This  has  been  shown  by  several 
observers.  Thus,  Strassburg  working  with  tracheotomised  rabbits,  found 
the  CO2  exhaled  unaffected;  and  in  similar  experiments  Arntz  found  in 
healthy  animals  the  0  absorption  undiminished ;  in  febrile  animals  it  was 
less.  Bock  and  Bauer  in  cats  and  dogs  observed  a  fall  in  the  C02  excreted 
(5 -8  to  14'9  per  cent.),  and  the  0  absorbed  (7  per  cent.),  so  long  as  the 
animals  remained  at  rest ;  if  restless,  both  C02  and  0  were  increased. 
After  lethal  doses  Chittenden  noticed  no  effect  on  the  excretion  of  C02 
until  the  approach  of  death,  when  it  quickly  fell.  These  experiments  have 
been  supplemented  by  observations  on  men,  and  practically  the  same 
results  obtained.  Speck,  after  30  grs.,  observed  a  slight  increase  in  the 
C02  exhaled,  but  no  change  in  the  0  absorbed ;  Buss,  after  15  grs.,  slight 
diminution  of  the  C02.  After  larger  doses  (23  to  54  grs.),  he  obtained 


Normal  Urine, 
Series  1  and  2, 
One  to  Six  Days. 

Urine  after  small 
Doses  of  Quinine, 
Series  3,  Seven 
to  Nine  Days. 

Urine  after  single 
large  daily  Doses  of 
Quinine,  Series  4, 
Ten  to  Twelve  Days. 

Series  5,  Thirteen 
to  Sixteen  Days. 

Series  6,  Sixteen 
to  Eighteen  Days. 

Amount    of    quinine    hydro- 
chloride  taken  daily,  in  grms. 

0-6 

1-66 

Average     daily    excretion     of 
urine,  in  c.c. 

1526 

1576 

1770 

1713 

1553 

Specific  gravity 

1-024 

1-0189 

1-0171 

1-0190 

1-0218 

Chlorides  (as  sodium  chloride) 

13-87 

13-81 

11-82 

12-62 

14-10 

Sulphates       .... 

2-464 

2-256 

1-509 

1-952 

2-352 

Phosphates              * 

3-400 

3-268 

2-895 

3-182 

3-260 

Earthy  phosphates 

1-090 

1-067 

0-809 

1-074 

1-053 

Free  acid        .... 

2-202 
34-67 

1-959 
30-77 

1-772 
26-83 

1-699 
32-32 

2-323 
36-33 

Uric  acid        .... 

0-902 

0-416 

0-170 

0-436 

0-837 

Kreatinin        .... 

0711 

0-785 

0-590 

0-709 

0-757 

Total  nitrogen 

18-334 

16-170 

13-979 

17-014 

19-070 
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distinct  diminution  in  a  febrile  patient,  even  when  the  temperature  was 
uninfluenced.  The  results  of  Zunt/  and  the  more  recent  ones  of  Liepelt 
are  indefinite.  Liepelt  concludes  that  moderate  doses  are  almost  without 
influence  on  the  gaseous  exchange  of  healthy  men.  The  0  absorbed  and 
C02  excreted  are  sometimes  increased,  but  not  more  than  can  be  accounted 
for  by  the  increased  respiratory  and  muscular  activity  from  the  intoxication. 
This  may  be  taken  as  the  most  probable  explanation.  Similar  results 
have  been  obtained  by  Biethus  in  fever. 

The  nitrogenous  excretion  has  been  found,  almost  without  exception, 
limiuished.  A  few  statements  to  the  contrary  are  apparently  due  to 

cperimental  errors.  The  most  careful  experiments  are  those  of  Kerner, 
1'rior,  Kumagawa,  and  v.  Noorden.  Kerner  experimented  on  himself.  He 
placed  himself  on  a  fairly  uniform  diet,  and  examined  his  urine  for  eighteen 

t  vs.  The  time  was  divided  into  six  periods  of  three  days  each.  The  first 
two  were  normal,  nothing  was  taken  but  the  diet;  during  the  third,  0'075 
grm.  (1^-gr.)  of  quinine  hydrochloride  was  taken  eight  times  a  day;  during 
the  fourth,  large  doses  (200  c.c.,  saturated  solution  in  carbonated  water) 
in  the  early  morning;  during  the  fifth  and  sixth,  nothing  but  the  diet 
again.  The  abbreviated  table  on  the  previous  page  gives  the  average 
results  of  the  investigation. 

Prior's  investigations,  made  with  improved  methods  of  analysis,  show 
similar  results.  He,  too,  experimented  on  himself  under  a  constant  diet, 
and  on  a  fasting  dog,  and  obtained  an  increase  in  the  urine,  a  diminution 
in  the  urea,  uric  acid,  chlorides,  sulphates,  and  phosphates,  without  any 
distinct  increase  in  the  nitrogenous  matter  eliminated  by  the  faeces.  The 
following  table  gives  the  average  results  obtained  by  him : — 
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Normal  urine      .... 

1586 

1-020 

39-76 

0-74 

18-64 

2-50 

3-68 

0-67 

After   single   dose  of  1*5   grms. 

quinine  hydrochloride 

1800 

1-017 

32-70 

0-12 

17-10 

2-00 

3-17*1   0-43 

After  several  large  doses 

1743 

1-017 

33-07 

0-22 

17-02 

1-65 

2-90 

0-51 

After  repeated  small  doses  . 

1657 

1-019 

34-00 

0-41 

17-75 

1-74 

3-09 

0-83 

After  very  large  dose  (4  grms.)    . 

1820 

1-018 

28-10 

0-07 

15-93 

1-24 

2-12 

0-93 

Normal  after  conclusion   of  ex- 

periments       .... 

1580 

1-020 

39-60 

0-74 

18-74 

2-51 

3-51 

0-94 

v.  Noorden's  experiments  were  made  on  a  Jap,  Dr.  Irisawa.  A  con- 
stant diet — 17'5  grms.  to  17'8  grms.  N.,  92  grms.  to  94  grms.  fat,  240  grms. 
carbohydrate,  2  litres  water  daily — was  maintained,  and  the  research  was 
divided  into  three  periods,  the  first  of  six,  the  second  of  four,  the  third  of 
five  days.  During  the  second  period,  increasing  daily  doses — 0'5  grm., 
0*7  grm.,  1-1  grm.,  1-4  grm. — of  quinine  hydrochloride  were  taken.  On 
the  first  day  of  the  second  period  the  nitrogenous  elimination  increased 
0'5  grm. ;  on  the  succeeding  days  it  fell — 0*9  grm.,  1'5  grm.,  1-7  grm., 
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respectively;  aiid  the  fall — 1*7  grin.,  2'8  grms. — continued  on  the  first 
two  days  of  the  third  period,  and  then  returned  to  normal.  The  nitrogen 
and  fat  in  the  faeces  remained  constant,  therefore  absorption  was  not 
interfered  with ;  the  body  weight  showed  no  definite  change;  the  amount 
of  urine  excreted  remained  uninfluenced,  but  the  phosphates  and  uric  acid 
diminished.  The  excretion  of  the  phosphates  showed  similar  but  less 
marked  variations  to  that  of  the  nitrogen ;  the  excretion  of  uric  acid  was 
preceded  by  a  diminution  in  the  number  of  leucocytes  in  the  blood. 
During  the  normal  periods,  both  before  and  after  the  administration  of 
quinine,  the  number  of  leucocytes  was  5800  to  6700  per  c.mm. ;  during  the 
administration  it  was  5440,  4880,  4760,  and  4650  respectively,  on  each 
succeeding  day.  The  fall  in  the  excretion  of  uric  acid  did  not  occur  until 
the  first  day  of  the  third  period.  During  the  first  normal  period  it  was 
07  grin,  to  0'95  grm.  daily ;  during  the  quinine  administration,  0*75  grin, 
to  0'87  grm.  ;  during  the  third  period,  0'50  grm.  to  0'58  grm. ;  afterwards 
it  rose  to  0'76  grm.  The  fall  in  uric  acid  has  been  noted  by  many 
observers,  and  Horbaczewski  has  drawn  attention  to  the  connection  between 
the  number  of  leucocytes  in  the  blood  and  its  excretion.  In  a  young 
healthy  man,  after  0'3  grm.  quinine  sulphate,  taken  fasting,  the  uric  acid 
excreted  fell  from  41  mgrms.  to  35  mgrms.,  the  number  of  leucocytes  7  per 
cent.,  in  six  hours.  Similar  experiments,  made  on  a  diet  containing  about 
half  the  quantity  of  nitrogen,  gave  similar  results.  The  nitrogenous  excre- 
tion increased  on  the  first  day  of  the  administration  of  quinine,  and  fell  on 
the  succeeding  days.  After  ceasing  the  administration  of  quinine,  it  rose 
again  to  the  previous  height.  The  phosphates  were  diminished,  the 
amount  of  urine  and  the  body  weight  were  uninfluenced  as  in  the  first 
experiment. 

The  diminished  metabolism  is  due  to  a  direct  influence  on  the  tissue 
cells.  Their  function  is  depressed,  and,  in  consequence,  the  products  of 
their  activity  are  diminished.  More  than  this  in  the  present  state  of 
our  knowledge  we  cannot  say.  All  the  cells  of  the  body  are  probably 
not  influenced  to  the  same  degree  —  the  leucocytes,  for  example,  seem 
to  be  peculiarly  susceptible;  and  the  nitrogenous  seems  to  be  more 
influenced  than  the  carbohydrate  metabolism.  But  notwithstanding 
the  careful  investigations  on  the  gaseous  exchange,  it  is  difficult  to 
believe  that  oxidation  is  not  depressed.  As  we  have  seen,  when 
tested  outside  the  body  on  living  cells,  it  possesses  a  powerful  action 
in  this  direction;  and  it  may  be  that,  in  investigations  on  the  animal 
body,  secondary  actions  serve  to  mask  the  true  depressant  effect  upon 
the  tissues. 

Temperature.  —  The  temperature  of  healthy  men  is  uninfluenced  by 
quinine,  except  in  toxic  doses.  It  tends,  however,  to  diminish  the  daily 
variations,  and  reduce  the  normal:  curve  to  a  straight  line ;  and  it  also 
prevents  the  normal  rise  occurring  after  work.  In  fevers  the  temperature 
is  generally  reduced,  rarely  it  rises.  Its  most  powerful  action  is  exerted  in 
malaria,  where,  as  we  shall  see,  it  is  a  specific,  i.e.  it  acts  upon  the  cause  of 
the  disease.  In  other  fevers  its  action  is  less  certain ;  it  does  not  act,  or 
only  to  a  very  slight  extent,  upon  the  causal  factor,  but  upon  the  abnormal 
tissue  metabolism.  When  given  in  moderate  doses,  it  usually  produces  a 
fall  of  1°  to  3°  F.  in  about  six  hours,  which  may  continue  forty-eight  hours. 
Occasionally  it  fails.  In  animals  the  same  phenomena  have  been  observed 
as  in  men.  The  temperature  in  health,  although  more  easily  influenced 
than  that  of  men,  is  not  readily  reduced ;  in  fever,  whether  produced  by 
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puncture  of  the  corpus  striatum,  or  by  the  injection  of  septic  fluids,  it  is 
somewhat  more  easily  affected. 

The  cause  of  the  antipyretic  action  of  quinine  has  been  much  debated. 
Whether  increased  heat  loss  or  diminished  heat  production  is  the  more 
iportant  factor,  and  whether  the  action  is  purely  nervous  or  no,  have 
the  most  disputed  points.  The  matter  is  not  finally  settled,  but 
there  can  be  little  doubt  that  tissue  metabolism  in  general,  apart  from 
any  nervous  influence,  plays  some  part.  This  has  been  recognised  for  a 
long  time.  Lewizky,  after  wrapping  up  animals  in  cotton-wool,  so  as  to 
reduce  heat  loss  to  a  minimum,  found  that  the  temperature  still  fell ;  and 
Jiirgensen,  that  the  cooling  influence  of  cold  water  was  more  powerful  and 
prolonged  in  dogs  which  had  previously  been  given  quinine.  Thus,  in  a 
dog  weighing  11  kilos,  a  bath  at  6°  C.  reduced  the  temperature  5°*6  C.  in 
thirty  minutes ;  an  hour  afterwards  it  was  normal.  After  0'5  grin, 
quinine,  a  bath  of  7°  C.  produced  a  fall  of  10°  C.  in  thirty  minutes,  and 
the  temperature  had  not  reached  its  normal  height  two  hours  afterwards. 
But  such  experiments,  although  suggestive,  are  by  no  means  crucial,  and 
Jiirgensen's  especially  are  not  free  from  the  objection  that  the  results  may 
have  been  due  to  excessive  heat  loss.  More  important  are  other  experi- 
ments of  Lewizky,  and  the  experiments  of  Naunyn  and  Quincke,  and  Binz 
on  animals  with  the  spinal  cord  cut.  In  these,  the  blood  vessels  are 
dilated  and  heat  loss  is  at  a  maximum.  Lewizky  took  two  rabbits ;  to  one 
he  gave  quinine,  the  other  he  employed  as  a  control.  In  the  quininised 
rabbit  the  temperature  fell  in  forty-five  minutes  from  37°'6  C.  to  35°'3  C.  ; 
in  the  control,  from  37°'8  C.  to  36°  "4  C.  Naunyn  and  Quincke  prevented 
abnormal  heat  loss  by  placing  the  animals  in  ovens,  but  the  temperature 
still  fell  after  the  administration  of  quinine ;  and  the  same  effect  was 
observed  by  Binz.  In  his  experiments,  after  section  of  the  cord,  the 
temperature  rose  until  death,  which  occurred  a  few  hours  later.  If  quinine 
was  given,  the  rise  of  temperature,  both  before  and  after  death,  was 
markedly  lessened  or  even  prevented.  All  these  experiments  show  that 
quinine  diminishes  heat  production,  and  that  this  occurs  independently 
of  any  action  on  the  nervous  system. 

So  far  calorimetric  experiments  have  given  us  little  aid  towards  the 
settlement  of  this  question.  Wood  and  Reichert  concluded  that  there  was 
both  increased  heat  loss  and,  to  a  less  degree,  diminished  heat  production, 
but  their  experiments  have  been  adversely  criticised,  and  their  methods, 
compared  with  present  day  ones,  are  said  not  to  be  free  from  fault.  The 
most  recent  investigations  are  those  of  Gottlieb  and  Stiihlinger.  Gottlieb, 
in  healthy  rabbits,  obtained  diminished  heat  loss  and  heat  production 
— O'l  grm.  to  0*2  grin. ;  lessening  the  production  18  per  cent. — and 
Stiihlinger,  employing  the  same  method,  got  the  same  results,  but  when 
evaporation  and  loss  by  expired  air  was  estimated,  he  found  heat  loss  to 
be  greater  than  normal.  In  most  cases,  conduction,  radiation,  and 
evaporation  were  increased,  but  their  increase  as  well  as  their  relation  to 
each  other  were  not  constant.  His  experiments  were  made  on  healthy  and 
febrile  rabbits  and  guinea-pigs.  These  animals  react  differently  to  anti- 
pyretic substances:  rabbits  are  more  irritable,  their  respiration  is  more 
easily  affected,  and  consequently  heat  loss  by  this  channel  is  greater; 
guinea-pigs,  on  the  other  hand,  are  more  susceptible  to  the  temperature- 
reducing  action  of  antipyretics.  But  even  different  animals  of  the  same 
species  were  found  to  react  differently,  the  condition  of  the  animal  and  the 
nature  of  the  food  being  apparently  of  importance.  In  general,  weakly 
39 
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and  diseased  animals  were  more  susceptible  than  the  strong  and  healthy, 
although  this  was  not  invariably  the  case.  The  experiments  seem  to 
disprove  any  selective  influence  on  the  heat-regulating  centres  in  the 
brain.  The  cells  forming  these  centres  appear  to  suffer  in  much  the  same 
way  as  the  other  cells  of  the  body,  i.e.  usually  they  are  depressed.  It 
seems,  therefore,  that  the  antipyretic  action  of  quinine  must  be  regarded 
as  the  result  of  a  depressant  action  upon  tissue  metabolism  generally. 
Along  with  other  tissues,  the  cells  forming  the  heat  centres  of  the  brain 
are  affected,  and  depression  of  these  leads  to  diminished  heat  formation 
and  increased  heat  loss  throughout  the  body.  Probably  the  greatest 
effect  is  produced  in  this  way,  but  the  share  taken  by  these  and  other 
cerebral  centres  in  producing  this  action  is  unknown. 

Unfortunately  this  simple  depressant  action  is  complicated  by  other 
factors.  Increased  heat  loss,  for  example,  stimulates  heat  formation,  and  in 
many  experiments  increase  of  the  latter,  but  not  generally  in  proportion 
to  the  former,  has  been  obtained.  Stiihlinger  also  observed  that  in  rabbits 
with  an  environing  temperature  of  20°  C.,  there  was  an  alteration  in  the 
calorimetric  factors.  The  watery  vapour  excreted  was  markedly  increased, 
and  was  still  further  increased  by  the  administration  of  quinine.  These 
secondary  actions  are  the  results  of  altered  physiological  conditions,  but 
they  must  be  included  as  forming  part  of  the  action  of  quinine.  The 
primary  influence,  as  we  have  said,  is  on  the  cell. 

In  health  the  cellular  mechanism  is  with  difficulty  changed,  and  the 
secondary  actions  are  unimportant ;  hence  the  temperature  falls  slightly  or 
not  at  all.  But  in  fevers  the  abnormally  increased  metabolism  is  more 
easily  influenced — the  conditions  are  favourable  for  a  depressant  action — 
and  the  effect  is  more  apparent.  In  many  fevers,  too,  it  is  possible  that 
quinine  exerts  some  action  on  the  cause  of  disease,  although  this  action  is 
probably  unimportant  except  in  malaria.  The  condition  of  the  patient, 
however,  is  of  supreme  importance.  With  a  rising  temperature,  that  is 
with  an  increasing  irritability  of  the  cells,  the  effect  is  less  marked  than 
with  a  stationary  or  falling  temperature.  In  the  first  case,  part  of  the 
action  of  quinine  is  absorbed  in  neutralising  the  increasing  irritability 
— that  is,  we  have  the  influence  of  two  counteracting  forces ;  in  the  second 
case,  the  forces  may  be  said  to  be  concurrent. 

But  quinine  does  not  always  induce  immediate  depression.  At  first  it 
may  stimulate.  Binz  has  observed  this  in  the  amosboid  movements  of  the 
leucocytes ;  and  occasionally  there  seems  to  be  an  increase  in  the  meta- 
bolism of  the  cells  governing  heat  formation  in  the  body  after  quinine. 
Heat  production  is  thereby  increased,  and  so  is  heat  loss;  this  loss 
is  sometimes  insufficient  to  prevent  a  rise  of  temperature.  Such  an 
action  may  occur  in  febrile  or  non-febrile  men  or  animals.  It  may  occur 
in  malaria,  and  the  temperature  may  reach  a  hyperpyrexial  point.  Even 
death  has  been  said  to  result.  This  is  termed  the  paradoxical  action  of 
quinine,  and  it  seems  to  arise  under  a  peculiarly  irritable  condition  of  the 
heat  centres,  the  cause  of  which  is  unknown.  Sometimes  it  is  accompanied 
by  other  ill  effects  of  quinine,  such  as  skin  eruptions  or  diarrhoea,  haemat- 
uria,  and  other  serious  symptoms,  but  often  it  occurs  alone.  Occasionally 
it  is  said  to  produce  an  attack  resembling  intermittent  fever,  depression  and 
shivering  being  followed  by  dry  heat  and  sweating  with  a  fall  of  tempera- 
ture. 

Skin  eruptions. — These  must  be  regarded  as  ill  effects  of  quinine.  They 
do  not  occur  frequently,  but  a  large  number  of  cases  are  on  record,  and 
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they  are  consequently  important.  The  cause  of  their  appearance  is 
unknown.  They  are  usually  regarded  as  indicating  an  idiosyncrasy,  and 
not  infrequently  they  are  accompanied  by  other  signs  of  this  condition. 
Sometimes  they  are  preceded  by  the  ordinary  symptoms  of  cinchonism ; 
not  uncommonly  they  are  accompanied  by  signs  of  constitutional  disturb- 
ance— nausea,  vomiting,  and  fever.  There  seems  to  be  an  increasing 
susceptibility  to  their  occurrence,  at  least  in  some  cases,  since  Buruey 
Yeo  suffered  from  an  eruption  after  taking  -|  gr.,  although  he  had  taken 
3  grs.  previously  with  impunity. 

The  character  of  the  eruption  is  not  constant.  In  most  cases  it  is 
erythematous  or  urticarial,  but  it  may  be  vesicular,  bullous,  or  purpuric. 
It  may  be  mild  or  severe :  in  a  few  cases  it  has  been  gangrenous.  Out  of 
sixty  cases  in  which  an  eruption  was  produced  by  the  internal  administra- 
tion of  quinine,  thirty-eight  were  erythematous,  twelve  urticarial,  five 
purpuric,  and  two  vesicular  (Morrow).  The  erythematous  are  usually 
scarlatiniform,  but  may  be  erysipelatous,  roseolous,  or  distinctly  papular. 
They  may  be  sharply  localised,  are  often  symmetrical,  or  may  be  general ; 
and  may  be  accompanied  by  constitutional  disturbance  and  followed  by 
desquamation.  The  characters  of  this  and  the  other  forms  of  eruptions 
differ  in  no  essential  particulars  from  the  same  form  of  skin  disease  pro- 
duced in  other  ways.  The  diagnosis  does  not  usually  present  much 
difficulty.  There  is  generally  the  history  of  the  taking  of  quinine ;  there 
may  be  the  presence  of  other  symptoms  of  cinchonism ;  in  cases  of  doubt, 
quinine  may  be  obtained  from  the  urine,  unless  small  doses  have  been 
taken.  The  treatment  is  the  same  as  that  of  other  forms  of  skin  disease, 
together  with  the  withdrawal  of  the  quinine.  After  this  an  acute  erythema 
usually  begins  to  improve  in  two  to  four  days.  The  eczematous  condition 
occurring  in  workers  in  quinine  factories  has  been  previously  mentioned. 
In  part,  if  not  solely,  it  is  the  result  of  a  direct  (external)  action. 

Absorption  and  elimination. — Quinine  is  absorbed  from  all  mucous 
membranes  and  abraded  surfaces,  from  the  subcutaneous  tissues,  and  doubt- 
fully from  the  skin.  In  the  stomach,  in  whatever  form  administered,  it  is 
converted  to  a  greater  or  less  extent  into  the  hydrochloride  or  acid  hydro- 
chloride.  These  are  two  of  the  most  soluble  and  diffusible  of  the  quinine 
salts,  but  whether  they  are  absorbed  from  the  stomach  or  not  has  not 
been  definitely  proved.  By  many  it  is  assumed.  Most  of  the  quinine, 
however,  is  passed  on  into  the  duodenum  with  the  food.  Here  it  meets  with 
the  alkaline  secretions  of  the  liver,  pancreas,  and  intestine,  and  much  of 
the  quinine  is,  in  all  probability,  thrown  down.  Under  simple  conditions 
the  addition  of  an  alkali  to  a  quinine  solution  would  precipitate  nearly  the 
whole  of  the  quinine,  but  in  the  intestine  the  conditions  are  complex : 
there  is  the  presence  of  the  food,  and,  what  is  perhaps  more  important,  of 
carbon  dioxide.  It  has  been  shown  that  quinine  is  much  more  soluble  in 
aerated  than  in  ordinary  water ;  that  when  sulphate  of  quinine  is  dissolved 
in  aerated  water,  the  addition  of  an  equivalent  quantity  of  sodium  car- 
bonate produces  no  immediate  precipitate ;  and  that  the  addition  of  a 
concentrated  quinine  solution  to  a  dilute  solution  of  sodium  bicarbonate  in 
carbonic  acid  water  also  causes  no  precipitate;  and  it  therefore  seems 
probable  that  this  gas,  combined  or  uncombined,  plays  an  important  part 
in  dissolving  the  quinine,  both  in  the  process  of  absorption  and  in  the 
blood  (Kerner). 

The  addition  of  bile  to  a  quinine  solution  produces  a  precipitate  of 
quinine  glycocholate,  which  is  very  insoluble,  but  this  is  easily  decomposed 
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by  carbon  dioxide  and  alkaline  carbonates,  and  under  ordinary  circum- 
stances probably  plays  little  part  in  the  absorption  of  quinine.  Whether 
the  albumins  or  other  constituents  of  the  food  possess  any  influence,  we  do 
not  know. 

Quinine  is  rapidly  absorbed,  and  to  a  great  extent,  if  not  completely,  it 
is  excreted  unchanged.  Keruer  believed  that  a  small  part  was  converted 
into  dihydroxy-quinine,  but  this  has  not  been  corroborated.  The  amount 
of  this  substance  he  obtained  was  insufficient  for  a  chemical  analysis,  but 
by  comparing  the  characters  with  those  of  a  substance  obtained  by  the 
action  of  potassium  permanganate  on  quinine,  which  he  believed  to  be 
dihydroxy-quiuine,  he  showed  that  they  were  probably  identical.  The 
amount  obtained  was  very  small,  and  practically,  as  it  possesses  no 
physiological  action,  is  negligible.  Nearly  the  whole  of  the  quinine 
administered  can  be  recovered  from  the  secretions.  Thau  obtained  4'30 
gnus,  after  the  administration  of  446  grms.1  It  is  excreted  mainly  by  the 
urine,  but  also  by  the  saliva,  sweat,  bile,  milk,  and  tears ;  and,  if  given 
hypodermically,  by  the  stomach.  It  has  been  found  in  the  fcetus  when 
administered  during  pregnancy,  and  in  dropsical  effusions.  When  given  in 
large  amounts,  part  is  excreted  unchanged  in  the  fseces.  After  repeated 
small  amounts,  Kerner  detected  it  in  the  faeces  on  the  third  day. 

In  the  urine  it  has  been  detected  within  thirty  minutes  of  its  adminis- 
tration ;  within  six  hours  about  half  is  said  to  be  excreted  by  this  fluid ;  in 
the  next  eighteen  hours  another  quarter  ;  so  that  the  greater  part  of  a  single 
dose  is  eliminated  during  the  first  day.  Nearly  the  whole  of  the  remainder 
is  excreted  during  the  second  day,  but  sometimes  it  may  be  detected  for 
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1  Personne  only  obtained  one-half  the  quinine  administered  from  the  urine.      He  con- 
cludes that  the  other  half  is  destroyed  in  the  body.     This  view  is  not  generally  accepted. 
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six  to  seven  days.  In  diseased  conditions,  especially  in  heart  and  kidney 
disease,  and  according  to  Thau  in  fevers,  elimination  is  slower. 

The  table  on  the  previous  page,  abridged  from  Kerner's,  will  give  an 
idea  of  the  course  of  elimination  of  quinine  under  different  conditions.  The 
excretion  was  estimated  by  means  of  the  rluoroscope ;  0'25  grrns.  quinine 
were  taken  fasting.  The  experiment  was  repeated  twice  and  the  mean 
taken. 

Therapeutics. — The  uses  of  quinine  are  dependent  on — (1)  its  bitter 
taslc,  (2)  its  antiseptic,  and  (3)  antipyretic  properties,  (4)  its  ecbolic  action, 
and  (5)  its  specific  effect  in  malaria.  The  last  is  by  far  the  most  important. 

As  a  bitter. — Its  bitter  taste  is  associated  with  its  so-called  tonic  action  ; 
in  fact,  the  latter  is  nearly  wholly  dependent  upon  the  former.  Like  other 
bitters,  it  has  been  largely  employed  in  a  variety  of  conditions,  accompanied 
by  loss  of  appetite,  especially  in  debility  from  any  cause.  It  has  been  used 
during  convalescence  from  acute  diseases,  in  certain  stages  of  chronic 
gastritis,  and  with  iron  in  antenna.  It  is  undoubtedly  beneficial  in  many 
cases :  it  stimulates  the  appetite,  and  indirectly  improves  the  general 
nutrition.  But  whether  it  possesses  any  advantages  over  other  bitters  is  an 
undecided  point ;  it  is  certainly  less  beneficial  than  strychnine  in  many  cases. 
As  its  tonic  action  depends  mainly  on  its  bitter  taste,  it  is  best  given  in 
small  doses,  1  gr.  or  less,  and  in  solution,  for  this  purpose.  Among  the 
preparations  of  the  British  Pharmacopoeia,  Infusum  Cinchona;  Acidum,  and 
Tinctura  Cinchonae  Composita  are  often  used  as  gastric  bitters.  Ferri  et 
Quiuiiue  Citras,  Syrupus  .Ferri  Phosphatis  cum  Quinina  et  Strychnina,  and 
V iimm  Quinina3,  are  also  popular  preparations.  There  is  a  compound 
tincture  of  cinchona  in  the  United  States  Pharmacopoeia. 

As  an  antiseptic  it  is  too  expensive  for  general  use.  It  has  been 
employed  as  a  wash  (0'5  per  cent,  solution)  in  diphtheritic  conjunctivitis 
and  pharyngitis,  as  an  injection  in  gonorrhoea,  otorrhcea,  hay  fever,  and 
chronic  cystitis,  and  as  an  insufflation  in  whooping-cough.  In  hay  fever 
and  whooping-cough  it  is  not  infrequently  of  benefit,  but  in  the  other  con- 
ditions better  means  are  available.  In  whooping-cough  especially  it  has 
been  strongly  advocated  by  Binz.  Writing  thirty  years  ago,  he  says : 
"  Whooping-cough  is  a  neurosis  of  the  piieumogastric  nerve,  caused  by 
infectious  and  irritating  mucus  that  has  accumulated  within  the  larynx  and 
pharynx.  Quinine,  even  when  highly  diluted,  destroys  all  the  cells  that  are 
found  in  the  mucus ;  of  this  fact  one  can  easily  convince  one's  self  by  means 
of  the  microscope.  Now,  I  suppose  that  the  mucus  of  pertussis  also  cannot 
remain  unaltered  by  quinine ;  for,  as  it  passes  through  the  pharynx,  the 
greater  portion  of  the  particles  existing  there  will  be  moistened  by  it,  and 
thus  it  will  act  similarly  to  the  local  contact  of  the  throat  with  astringents, 
or  the  inhalation  of  certain  gases  in  our  gas  factories,  and  to  the  vapours  of 
the  various  ethereal  oils.  So  far  the  results  have  answered  my  expecta- 
tions." He  has  recently  reiterated  the  same  views,  and  stated  that  they 
have  been  confirmed  more  and  more  every  year  since  the  treatment  was 
introduced.  In  another  place  he  says :  "  Quinine  cures  whooping-cough, 
not  by  repressing  the  fits  of  coughing  or  diminishing  their  intensity,  as  is 
the  case  with  purely  sedative  remedies ;  but,  as  the  mode  of  convalescence 
shows,  by  lessening  the  exciting  cause,  which  is  undoubtedly  a  microbe. 
Large  doses  are  absolutely  necessary  in  this  disease,  but  experience  has 
taught  us  that  quinine  is  generally  very  well  borne  in  childhood — much 
better,  in  fact,  than  in  later  life,  when  it  readily  produces  those  effects  on 
the  brain  to  which  I  have  called  your  attention.  .  .  .  Most  cases  of  uncoin- 
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plicated  whooping-cough  can  be  cured  in  about  a  fortnight,  if  the  child  can 
be  induced  to  take  daily  as  many  decigrammes  as  its  age  in  years. 
The  amount  given  in  one  day,  however,  should  not  exceed  1'5  grins.  (23 
grs.).  With  a  child  under  a  year  old  the  treatment  should  commence  with 
as  many  centigrammes  as  its  age  in  months.  The  vomiting  first  abates,  then 
the  number  and  presently  the  violence  of  the  paroxysms,  and  the  case  is 
transformed  into  one  of  simple  bronchial  catarrh.  The  bronchitis,  or 
broncho-pneumonia,  which  so  often  accompanies  whooping-cough,  can 
generally  lie  prevented  or  cured  by  quinine."  He  draws  attention  to  the 
fact  that  it  is  difficult  to  induce  children  to  take  bitter  medicines,  and  that 
considerable  tact  is  necessary.  It  may  be  prescribed  in  the  form  of  perles, 
or  in  gelatin  capsules,  or  combined  with  chocolate,  or  given  as  suppositories 
or  euemata.  If  the  ordinary  salts  of  quinine  disagree,  or  are  contra-indicated 
for  any  reason,  the  tanuate,  which  is  almost  tasteless,  may  be  employed,  but 
it  is  much  less  efficacious ;  and  as  it  contains  much  less  quinine,  it  should  be 
given  in  doses  twice  as  great  as  those  of  the  sulphate.  Quinine  has  also 
been  given  hypodermically  for  whooping-cough  (Laubinger).  (For  mode  of 
administration,  see  p.  621.) 

In  influenza  quinine  is  also  a  useful  remedy  ;  it  has  even  been  regarded 
as  almost  a  specific  (Burney  Yeo).  If  administered  early,  it  is  said  to 
prevent  or  diminish  cardiac  complications,  and  lessen  the  tendency  towards 
other  after-effects.  It  is  recommended  in  small  or  moderate  doses, 
frequently  repeated.  It  has  also  been  said  to  be  a  prophylactic  in  this 
disease. 

Quinine  has  been  employed  as  a  gastric  and  intestinal  antiseptic  in 
abnormal  fermentation,  in  typhoid  and  tuberculous  ulceration,  and  in  other 
conditions,  but  it  is  of  less  value  than  many  other  drugs.  It  is  liable  to 
set  up  irritation  in  diseased  conditions  of  the  alimentary  tract,  and  induce 
diarrho?a  and  even  more  serious  symptoms. 

As  an  antipyretic,  except  in  malaria,  it  is  now  but  little  employed. 
Previous  to  the  use  of  the  cold  bath  and  the  discovery  of  the  synthetic 
antipyretics,  it  was  largely  used,  and  its  reputation  as  a  fever-reducing 
remedy  depends  mainly  on  its  successes  at  that  period.  That  quinine  in 
sufficient  closes  will  reduce  fever,  there  can  be  no  doubt,  but,  with  the  single 
exception  of  malaria,  it  is  very  doubtful  whether  it  exerts  any  marked 
action  on  the  causal  factor  of.  the  disease.  Consequently,  it  acts  simply  as 
an  antipyretic  remedy;  and  as  it  is  less  rapid,  less  powerful,  less  certain, 
than  some  of  the  more  recently  introduced  drugs,  it  has  been  largely 
replaced  by  these  whenever  a  pure  antipyretic  action  has  been  required. 
It  is,  however,  less  depressant  to  the  circulation  than  most  of  these  latter 
drugs.  It  has  been  employed  in  puerperal,  scarlet,  typhus,  typhoid,  and 
nearly  every  other  fever.  Not  less  than  5  grs.  should  be  given. 

The  ccbolic  effect  of  quinine  has  been  already  dealt  with.  It  seems  too 
uncertain  a  remedy  for  general  use.  It  has,  however,  been  employed  for 
uterine  inertia  during  labour,  where  there  was  no  obstruction  to  the  descent 
of  the  foetus,  and  for  this  purpose  it  has  been  recommended  in  doses  of 
8  grs.,  followed  by  4  grs.  in  an  hour,  and  a  second  4  grs.  in  another  hour  if 
necessary  (Mackness).  Quinine  has  also  been  employed  to  expel  retained 
placenta  after  abortion.  Two  capsules  containing  7^  grs.  are  given,  an 
interval  of  ten  minutes  being  allowed  to  elapse  between  the  two.  The 
placenta  is  said  to  be  expelled,  on  an  average,  in  four  and  a  half  hours 
(Schwab). 

Malaria. — But  the  most  important  use  of  quinine,  as  already  stated,  is 


THERAPEUTICS.  615 

in  malaria.  Here  it  is  a  specific.  Nearly  every  case  can  be  cured  or 
relieved  by  its  means ;  and  if  taken  previous  to  and  during  exposure  to 
contagion,  it  acts  as  a  prophylactic.  This  disease,  as  is  well  known,  is 
characterised  by  the  occurrence  of  febrile  attacks,  consisting  of  cold,  hot, 
and  sweating  stages,  occurring  periodically.  The  attacks  may  occur  every 
day  (quotidian),  every  second  (tertian),  or  third  day  (quartan),  or  they  may 
occur  irregularly.  The  disease  is  also  divided  into  intermittent  and  re- 
mittent forms,  according  as  the  temperature  between  the  attacks  is  normal 
or  not.  The  remittent  are  the  more  serious,  and  comprise  the  irregular 
and  some  quotidian  forms.  The  intermittent  include  the  tertian  and 
quartan  forms,  and  certain  compound  types  of  these  (double  tertian,  etc.), 
which  lead  to  quotidian  or  other  forms.  These  latter  types  are  the  most 
susceptible  to  quinine.  If  in  a  simple  tertian  fever  a  moderate  dose  of 
quinine  is  given,  say  four  to  six  hours  before  an  expected  attack,  this  attack 
will  occur  as  in  the  ordinary  course,  but  the  next  and  probably  subsequent 
ones  will  not.  Evidently  the  cause  of  the  disease  in  an  advanced  condition 
is  uninfluenced  ;  in  an  undeveloped  state  it  is. 

The  cause  was  shown  by  Laveran  in  1880  to  be  a  low  form  of  animal  life, 
which  has  been  termed  the  Hcematozoon,  or  Plasmodium  malarice.  According 
to  him  it  is  polymorphic,  different  forms  of  it  producing  the  different  types 
of  malaria.  According  to  most  other  observers  it  is  not,  each  type  of  the 
disease  being  due  to  a  special  species  of  the  parasite. 

These  parasites  undergo  a  cycle  of  changes.  In  the  human  body,  with 
which  we  are  alone  concerned,  they  exist  at  first  as  small  spore-like  forms 
in  the  blood.  These,  in  the  simple  tertian  and  quartan  forms,  penetrate 
into  the  red  blood  corpuscles ;  they  take  on  amoeboid  movements,  grow  at 
the  expense  of  the  corpuscle,  take  up  its  haemoglobin  and  become  pigmerited, 
and,  after  reaching  maturity,  divide  into  a  number  of  spores,  which  are  set 
free  by  the  disintegration  of  the  corpuscle.  This  completes  the  cycle ; 
the  spores  grow,  penetrate  into  the  corpuscles,  and  so  the  process  continues. 
In  a  simple  tertian  the  cycle  takes  two  days,  in  the  quartan  three,  in  the 
true  quotidian  one  day.  The  remittent  types  are  usually  irregular.  The 
organisms  of  these  and  the  true  quotidian  are  less  defined  than  the  tertian 
and  quartan  forms,  and  we  shall  therefore  leave  their  consideration  until 
later.  The  beginning  of  a  febrile  attack  appears  to  correspond  to  the 
process  of  segmentation,  that  is,  to  the  discharge  of  spores  into  the  blood ; 
the  apyrexial  period  to  the  time  during  which  the  parasites  occupy  the 
corpuscles. 

Besides  these  amoeboid  bodies,  there  are  others,  known  as  the  cres- 
centic  bodies  of  Laveran,  present  in  the  blood  of  simple  intermittent 
forms,  the  significance  of  which  is  not  thoroughly  understood.  They  are 
probably  concerned  with  the  reproduction  of  the  parasite,  under  certain 
unknown  conditions.  They  are  of  interest  to  us,  because  they  are  peculiarly 
insusceptible  to  the  action  of  quinine.  Long  after  the  other  parasites  and 
the  fever  have  disappeared,  these  may  be  found  in  the  blood.  They  have 
even  been  thought  to  increase  in  number  under  the  influence  of  quinine, 
although  Fearnside  believes  it  tends  to  prevent  their  formation. 

In  order  to  clear  up  the  mode  of  action  of  quinine  in  malaria,  ob- 
servations on  its  influence  on  the  parasite  extracorporeally  have  been 
made.  Laveran,  after  the  addition  of  quinine  solutions  to  a  drop  of 
malarial  blood  (the  mixture  containing  1-10,000  quinine),  found  that  the 
parasite  quickly  became  motionless,  and  died.  The  same  results  were 
obtained  by  Marchiafava  and  Celli ;  but  they  also  found  that  the  addition 
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of  distilled  water  or  saline  solutions  produced  the  same  effect.  Grassi 
and  Feletti  also  noticed  that  when  malarial  blood  had  been  mixed  with 
water  for  an  hour,  it  was  no  longer  able  to  reproduce  the  disease  when 
injected  into  the  circulation.  Laveran's  conclusions  were  thus  invalidated 
— the  effect  was  apparently  due  as  much  to  the  water  as  the  quinine. 
According  to  Binz,  the  phenomenon  is  easily  explicable.  Both  distilled 
water  and  common  salt,  under  certain  conditions,  are  inimical  to  cellular 
life ;  they  are,  in  fact,  protoplasmic  poisons.  When  added  to  fluids  contain- 
ing living  cells,  they  alter  the  environment  and  produce  death  mainly 
from  physical  causes.  In  this  way  fresh  water  amoebae  die  when  placed  in 
salt  water,  and  salt  water  amoebae  die  when  put  in  fresh  water.  Rosin, 
however,  states  that  1-5000  quinine  solutions  have  little  effect  on  the 
tertian  parasite,  active  movements  of  the  pigment  granules  being  still 
noticeable  after  forty-eight  hours.  And,  more  recently,  Lomonaco  and 
Panichi  have  adopted  this  method  of  investigation.  According  to  them,  in 
isotonic  and  isoviscous  solutions,  the  young  intracorpuscular  parasites  of 
the  quartan  type  display  active  amoeboid  movements  for  a  few  seconds, 
then  become  elliptical  with  the  pigment  granules  at  the  periphery,  and 
after  a  variable  time  again  take  on  amoeboid  movements.  If,  instead  of  the 
salt  solution,  a  drop  of  a  watery  solution  of  quinine  (1  in  1500)  is  added, 
there  is  a  tremulous  movement  of  the  pseudopodia,  the  parasite  con- 
tracts, and  the  pigment  granules  become  arranged  centrally.  In  fifteen 
minutes  the  amoeboid  movements  return,  and  the  pigment  becomes 
peripheral.  A  similar  effect  was  obtained  in  slightly  older  parasites, 
when  each  occupied  about  two-fifths  of  a  red  blood  corpuscle.  The 
pseudopodia  were  withdrawn,  and  the  organism  became  spherical,  but 
the  pigment  granules  at  first  retained  their  activity,  finally  they  became 
peripheral  and  quiescent.  Soon  the  granules  again  took  on  active  move- 
ments, the  parasite  appeared  more  refractile,  and  gradually  it  worked  its 
way  out  of  the  corpuscle,  to  the  margin  of  which  it  remained  attached. 
This  diapedesis  is  said  to  depend  upon  the  vitality  of  the  parasite,  and 
therefore  to  be  an  active  phenomenon.  In  a  late  stage  of  development  it 
does  not  occur.  Upon  these  observations  Lomonaco  and  Panichi  base  the 
theory  that  quinine  acts  by  driving  the  parasites  out  of  the  corpuscles  into 
an  environment  unsuitable  for  them,  thus  placing  them  under  conditions 
inimical  to  their  development.  It  is  very  improbable. 

In  a  further  communication  they  have  described  their  observations  on 
the  tertian  parasite.  The  effect  was  much  the  same  as  upon  the  quartan 
type.  Without  quinine  the  very  young  forms  showed  increased  amoeboid 
movements,  which  soon  ceased,  the  parasite  became  discoid,  but  after  an 
hour  it  was  active  again.  The  more  developed  forms  were  expelled  from 
the  corpuscle  like  the  quartan,  but  less  quinine  was  necessary,  so  that  the 
tertian  appears  to  be  more  sensitive  than  the  quartan  form.  The  adult 
forms  contract  and  become  spherical.  In  those  about  to  sporulate,  with 
centrally  arranged  pigment  and  radiating  striae,  the  pigment  granules 
become  mobile,  the  striae  more  marked,  and  the  spores  more  distinguish- 
able after  the  addition  of  quinine.  These  experiments,  as  far  as  we  are 
aware,  have  not  been  confirmed ;  and  it  is  doubtful  what  significance  can 
be  placed  upon  them.  That  direct  observation  may  give  valuable  results, 
we  do  not  deny,  but  we  are  inclined  to  discredit  any  experiments  in  which 
isotonic  solutions  have  not  been  employed.  Fortunately,  another  method 
— the  examination  of  the  blood  of  patients  at  definite  intervals  after  the 
administration  of  quinine — is  available,  and  has  been  largely  used.  It  has 
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3n  especially  successful  in  the  hands  of  Golgi  in  quartan  fevers,  in 
[annaberg's  in  tertian,  and  in  those  of  Marchiafava  and  Bignami  in  the 
lore  malignant  types. 

Previous  to  Golgi's  detailed  publication,  Antolisei  had  noticed  that  the 
administration  of  quinine  did  not  prevent  sporulation  and  the  accompany- 
ing attack  of  fever,  but  it  did  diminish  the  number  of  young  forms  to  be 
found  in  the  red  corpuscles  subsequently.  And  Bacelli  had  found,  from 
half-hourly  examinations  of  the  blood  after  the  intravenous  injection  of 
quinine,  that  the  parasites  showed  increased  activity  for  the  first  two  or 
three  hours,  that  no  alteration  in  number  or  form  occurred  up  to  the  sixth 
hour,  but  that  after  twenty-four  hours  almost  the  whole  had  disappeared 
from  the  blood.  He  observed  no  inimical  effect  on  the  crescentic  forms. 

Golgi,  in  quartan,  found  the  susceptibility  of  quinine  to  be — (1)  spores  ; 
(2)  mature  forms,  just  before  the  commencement  of  sporulation ;  (3)  younger 
intracorpuscular  forms.  It  had  no  influence  on  the  process  of  segmenta- 
tion once  this  had  commenced.  Thus,  given  just  previously  to  or  during 
an  attack,  i.e.  during  sporulation,  it  exerted  no  influence  on  the  attack, 
but  powerfully  influenced  the  subsequent  course  of  the  disease.  No  second 
attack  followed,  or  it  occurred  only  in  an  aborted  form.  The  newly-formed 
generation  of  spores  had  been  killed  or  injured. 

If  given  the  day  after  the  attack,  when  the  parasites  had  penetrated 
into  the  red  blood  corpuscles,  quinine  was  less  destructive.  The  succeed- 
ing attack  might  be  aborted  or  delayed,  or  it  might  be  almost  uninfluenced. 
If  quinine  was  given  on  the  second  day,  when  the  endocorpuscular  parasites 
were  larger  and  more  mature,  the  effect  was  greater.  This,  Golgi  explains, 
is  due  to  the  fact  that  these  larger  bodies  are  less  protected,  owing  to  the 
enveloping  red  corpuscle  being  more  attenuated  by  the  growth  of  the 
parasite ;  consequently,  the  quinine  penetrates  more  easily. 

The  effect  on  the  tertian  type  simulated  closely  that  on  the  quartan ; 
the  endocorpuscular  parasites  were  somewhat  more  susceptible  than  those 
of  the  corresponding  stage  of  the  quartan.  The  varying  susceptibility  of 
the  parasite  at  different  stages  he  found  could  be  well  shown  clinically, 
since  a  quotidian  fever  (double  tertian)  could  be  converted  into  a  simple 
tertian  before  being  cured. 

The  changes  observed  by  Golgi  in  the  medium-sized  parasites  were  a 
rather  fine  granulation,  an  increased  metallic  lustre,  a  diminished  trans- 
parency, and  a  tendency  to  shrivelling;  in  the  larger  forms,  distension, 
active  oscillation  of  the  pigment  granules,  and  sometimes  the  appearance 
of  vacuoles  or  abortive  spores  (?).  The  sporulatiug  forms  seemed  to  be 
smaller,  less  regular  in  outline,  and  to  have  their  pigment  in  two  or  three 
masses.  Some  seemed  to  divide  less  regularly  and  into  a  smaller  number 
of  segments  than  normal.  Similar  changes  were  found  in  the  tertian 
parasite.  These  have  been  more  extensively  investigated  by  Mannaberg. 
In  the  maturer  forms  there  was  a  cessation  of  the  movement  of  the  pigment 
particles,  giving  the  parasite  a  "  clotted,  shining,  homogeneous  appearance, 
as  if  coagulated  " ;  or  a  dropsical  distension,  with  active  oscillating  move- 
ment of  the  pigment ;  or  the  parasite  broke  up  into  several  particles,  like 
the  immature  endoglobular  variety.  The  last  two  actions  may,  it  is  stated, 
occur  without  the  administration  of  quinine.  In  the  younger  forms  the 
main  effects  noticed  were  loss  of  amoeboid  movement  and  subsequent 
disintegration.  Three  hours  after  the  administration  of  0'5  grm.  to  1  grin. 
(7^  grs.  to  15  grs.)  quinine,  to  cases  in  which  these  were  present,  there  was 
marked  diminution  of  movement,  and  three  to  six  hours  later  the  number 
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of  parasites  had  greatly  diminished.  Those  remaining  were  disintegrating, 
appearing  as  "several  little  balls  lying  within  the  red  blood  corpuscle 
which  are  no  longer  connected  together." 

The  finer  changes  in  the  parasite  produced  by  quinine  have  been 
studied  by  means  of  stained  preparations.  Eomanowski,  in  the  adult  intra- 
corpuscular  forms  of  the  tertian  parasite,  found  degenerative  changes  in 
what  he  called  the  nucleus.  These  proceeded  to  disintegration,  the  nucleus 
being  replaced  by  a  fine  granular  appearance.  The  parasite  also  became 
more  spherical,  stained  more  uniformly,  and  had  its  pigment  evenly 
distributed  or  collected  at  the  periphery.  Alterations  were  also  noted  in 
the  segmentation;  the  protoplasm  became  more  uniformly  coloured,  the 
nucleus  less  intensly  so,  and  without  a  halo.  In  the  main,  Mannaberg 
has  confirmed  these  changes.  He  describes  Komanowski's  nucleus  as  the 
nucleolus,  and  states  that  the  uniform  staining  of  the  nucleus  (parasite) 
and  the  disappearance  of  the  nucleolus  (nucleus)  are  not  necessarily  dis- 
integrative  changes,  as  they  occur  previous  to  spore  formation.  He 
regards  the  "  immature  forms  without  a  nucleolus  as  distinctly  more 
characteristic  of  the  action  of  quinine."  Both  in  the  tertian  and  quartan 
parasites  he  has  found  the  nucleolus  of  the  small  and  middle-sized  varieties 
either  unstained  or  but  slightly  stained  a  few  hours  after  the  adminis- 
tration of  the  drug.  Subsequently  the  parasite  disintegrated  ;  forty-eight 
hours  afterwards  not  a  trace  of  any  could  be  found.  The  spore-bearing 
forms  are  also  shown  by  the  staining  to  be  changed  by  giving  quinine  a 
few  hours  before  an  attack.  In  fresh  preparations  they  show  a  segmenta- 
tion which  seems  complete,  but,  on  staining,  only  a  few  of  the  segments 
present  a  well-developed  structure  and  contain  spores  capable  of  life.  The 
others  possess  no  nucleolus,  and  therefore  cannot  live.  These  Mannaberg 
terms  still-born  spores. 

Thus  all  stages  in  the  life  of  the  parasite  seem  to  be  influenced  by 
quinine.  They  are  not  all  affected  in  equal  degree,  nor  are  all  parasites 
influenced  to  the  same  extent.  Some  appear  to  be  much  less  susceptible, 
and  the  fever  may  continue  its  course  notwithstanding  the  administration 
of  quinine.  This  is  seen  in  both  tertian  and  quartan,  but  is  especially 
marked  in  the  true  quotidian  and  malignant  types.  Nevertheless  it  has 
been  said  that  there  is  no  constant  relation  between  the  gravity  of  an 
attack  and  its  reaction  to  quinine.  Apart,  however,  from  their  diminished 
susceptibility,  the  quotidian  and  more  malignant  forms  of  malaria  react  in 
a  similar  manner  to  the  quartan  and  tertian  forms.  They  require  larger 
doses,  and  in  many  cases  it  is  necessary  to  resort  to  the  hypodermic  or 
intravenous  forms  of  administration.  In  neither  type  is  there  the  same 
definite  cycle  of  changes  demonstrable  as  in  the  quartan  or  tertian.  The 
parasites  seem  to  be  of  a  more  immature  kind,  and  instead  of  being  mainly 
confined  to  the  red  corpuscles  of  the  blood,  they  appear  to  affect  the 
cells  of  the  internal  organs,  and  to  be  rarely  found  in  the  blood  of  the 
cutaneous  vessels.  This  doubtless  explains  in  part  the  diminished  reaction 
to  quinine ;  but  there  is  also  a  less  susceptible  type  of  parasite. 

The  most  important  observations  on  these  forms  have  been  made  by 
Marchiafava  and  Bignami,  in  an  investigation  into  the  sestivo-autumnal 
fevers  of  Italy.  They  found  quinine  to  act  on  all  phases  of  the  life  of  the 
parasite,  the  greatest  and  most  rapid  action  being  exerted  on  the  extra- 
corpuscular  phase,  just  after  the  completion  of  spore  formation.  Segmen- 
tation, however,  once  started,  seemed  to  pass  on  to  completion,  but  the 
new  generation  did  not  invade  the  corpuscles.  No  demonstrable  changes 
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were  found  in  the  appearance,  shape,  or  arrangement  of  the  pigment 
granules  in  the  individual  parasites  as  a  result  of  quinine ;  they  were 
simply  observed  to  disappear  from  the  blood.  Occasionally  their  numbers 
were  uninfluenced,  and  paroxysms  succeeded  one  another  unimpaired.  If 
quinine  was  given  at  the  end  of  a  paroxysm,  when  none  but  non-pigmented 
plasmodia  were  in  the  blood,  these  as  a  rule  disappeared  in  twelve  to 
twenty-four  hours,  less  frequently  in  thirty-six  to  forty-eight  hours.  In 
tli is  case  the  parasites  went  on  slowly  developing,  and  often  produced  a 
delayed  attack.  Rarely,  as  just  mentioned,  they  were  uninfluenced  and 
developed  normally.  If  quinine  is  given  during  the  apyrexia  preceding  an 
attack,  when  only  adult  forms  preparing  for  fission  are  present  in  the 
blood,  the  febrile  attack  is  not  prevented,  but  the  young  forms  do  not 
appear  in  the  corpuscles.  If,  however,  the  temperature  has  begun  to  rise, 
I.e.  segmentation  is  in  process  or  has  occurred,  the  new  generation  is  seen 
as  small  and  feeble  forms,  which  soon  disappear,  or  it  does  not  appear  for 
some  time — even  twenty-four  hours.  If  the  fever  is  complex,  both  young 
and  adult  forms  occurring  in  the  blood,  these  usually  disappear  one  by 
one,  the  maturer  forms  first,  the  young  unpigmented  parasites  last.  After 
they  have  gone,  only  pigmented  white  blood  corpuscles,  and  a  "  brassy " 
appearance  of  some  of  the  red  corpuscles  which  have  contained  young 
parasites,  remain  as  indications  of  the  disease. 

Essentially  the  same  changes  occur  in  the  quotidian  parasite.  "  When 
quinine  is  administered,  after  the  crisis  of  a  paroxysm,  the  young  forms 
persist  in  the  blood  for  rather  a  long  time,  it  may  be  even  for  more  than 
twenty-four  hours,  after  which  they  disappear  without  showing  previously 
any  sign  of  development." 

From  these  researches  it  is  evident  that  quinine  exerts  a  powerful 
action  on  the  parasite  of  malaria,  both  in  and  outside  the  body.  The 
action  is  essentially  similar  to  that  described  by  Binz  as  occurring  in 
amoebae  and  other  protozoan  forms,  and  the  explanation  of  its  action — a 
direct  one  on  the  organism — is  probably  the  same.  What  the  intimate 
nature  of  the  action  is  we  do  not  know.  It  has  been  said  to  be  closely 
connected  with  oxidation,  since  quinine  has  considerable  power  in  inhibiting 
this ;  but  this  may  be  the  result  of  diminished  function,  consequent  on  the 
paralysing  action  of  quinine  on  the  protoplasm. 

Besides  this  direct  action,  some  also  recognise  an  indirect  action,  an 
alteration  of  the  environment,  so  as  to  render  it  less  suitable  for  the  growth 
of  the  parasite.  The  red  blood  corpuscles,  for  example,  give  up  their  oxygen 
less  readily  after  the  addition  of  quinine.  Such  an  action  is  probable,  but 
the  explanation  of.Lomonaco  and  Panichi,  previously  mentioned,  we  are 
not  prepared  to  accept.  Quinine  has  also  been  thought  to  act  by  in- 
creasing phagocytosis.  This  it  does  not  do.  Phagocytosis  undoubtedly 
continues  after  the  administration  of  quinine,  but  it  takes  no  part  in  its 
action. 

The  chief  difficulty  is  to  explain  why  quinine  acts  in  this  manner :  why 
it  is  so  powerful  against  the  malarial  parasite  in  man,  and  so  innocuous 
against  the  similar  parasite  of  birds ;  or  why  so  active  against  fresh  water 
and  not  towards  salt  water  amo2baj  ?  Moreover,  why  other  poisons  exerting  a 
powerful  action  on  infusoria  (e.g.  methyl-phosphines)  are  not  of  value  in  the 
treatment  of  malaria  ?  All  that  we  can  say  is,  that  quinine  is  a  specific  in 
this  disease ;  the  malarial  parasite  is  more  susceptible  than  the  tissue  cells. 
It  may  be  pointed  out,  however,  that  the  parasite  in  most  phases  of  its 
growth  possesses  no  resisting  cell  membrane,  and  that,  being  in  the  blood  or 
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red  blood  corpuscles,  it  is  in  the  best  position  for  being  acted  upon  by  the 
drug.  This  probably  explains  in  part  why  the  tertian  and  quartan  fevers 
are  more  readily  influenced  than  the  malignant  forms.  In  comparing  the 
action  of  other  remedies,  it  is  well  to  remember  that  quinine  is  absorbed 
and  excreted  unchanged,  and  that  therefore  it  acts  as  such  in  the  blood. 
But  it  is  believed  that  not  all  the  parasites,  even  of  the  same  stage  of  a 
simple  tertian  or  quartan  fever,  are  similarly  influenced  by  quinine.  Some, 
perhaps  on  account  of  their  vitality,  more  probably  on  account  of  a  greater 
resisting  covering,  escape  its  influence,  and  by  developing  later  give  rise  to 
a  recurrence  of  the  disease.  In  many  instances,  however,  the  recurrence  is 
the  result  of  a  re-infection ;  in  others  it  may  possibly  be  the  outcome  of 
further  changes  in  the  insusceptible  cresceiitic  bodies. 

The  fact  that  quinine  does  not  prevent  recurrences  has  been  brought 
forward  to  prove  that  it  is  not  a  specific.  That  depends  on  the  meaning 
implied  by  this  term.  Quinine  does  not  counteract  the  poisons  produced 
by  the  malarial  parasite  whatever  they  may  be,  that  is,  it  is  not  an  anti- 
toxine  in  any  sense  of  the  term ;  but  if  a  specific  be  regarded  as  a  substance 
destroying  the  cause  of  a  disease,  quinine  deserves  the  name  as  well  as 
anything  in  medicine.  Nevertheless  it  is  necessary  to  mention  that 
some  physicians  who  have  had  considerable  experience  in  tropical  diseases 
regard  it  as  a  much  over-rated  remedy. 

Time  of  administration.  —  The  best  time  for  the  administration  of 
quinine  has  been  variously  given  by  different  authorities.  Sydenham 
advised  bark  to  be  taken  after  the  paroxysm,  and  many  recent  authorities 
hold  the  same  view.  But  Golgi  believes  that  it  is  best  to  give  it,  in  simple 
intermittent  fever,  three  to  five  hours  before  an  attack.  The  newly  formed 
spores  are  thereby  subjected  to  its  influence,  and  as  they  are  peculiarly 
susceptible,  a  single  dose  often  proves  curative.  The  principle  to  be  aimed 
at  is  the  prevention  of  new  colonies,  and  for  this  purpose  he  recommends 
daily  doses ;  but  whether  given  before  or  after  an  attack,  it  is  necessary 
to  remember  that  a  few  well-apportioned  large  doses  are  usually  more 
efficacious  than  a  number  of  smaller  ones.  Sometimes  a  large  dose  is 
followed  by  repeated  small  doses.  The  practice  varies.  Sometimes  small 
doses  alone  are  efficient.  Thus  Osier  states  that  he  has  often  demonstrated 
to  students  the  efficacy  of  1  gr.  of  quinine  three  times  a  day  in  tertian 
fever.  Usually  15  grs.  or  even  more  are  given  at  first,  then  smaller  doses 
at  intervals.  After  a  few  doses  the  patient  is  apparently  cured,  but  it  is 
advisable  to  renew  the  medication  in  about  a  week  in  order  to  eradicate 
any  newly-developing  parasites  and  thus  prevent  a  recurrence.  The 
treatment  should  be  repeated  a  second  time.  Laveran  strongly  recommends 
this  interrupted  method.  He  advises  12  to  15  grs.  of  the  hydrochloride 
daily  on  the  first,  second,  and  third  days ;  no  quinine  on  the  fourth,  fifth, 
sixth,  and  seventh  days;  9  to  12  grs.  daily  on  the  eighth,  ninth,  and  tenth 
days ;  no  quinine  from  the  eleventh  to  the  fourteenth  days ;  9  to  12  grs.  on 
the  fifteenth  and  sixteenth  days ;  none  from  the  seventeenth  to  twentieth 
days ;  and  9  to  12  grs.  on  the  twenty-first  and  twenty-second  days,  with 
modifications,  if  the  gravity  of  the  fever  necessitates  it. 

In  the  severer  forms  of  fever — the  summer-autumn  group  of  Italy — 
Marchiafava  and  Bignami  have  shown  that  quinine  acts  on  all  phases  of  the 
life  of  the  parasite,  therefore  it  is  unnecessary  to  wait  until  any  specified 
period ;  and  more  especially,  as  the  cases  are  sufficiently  severe  to  require 
immediate  treatment.  In  the  Italian  hospitals  31  grs.  is  usually  given  in 
two  doses,  with  a  two  or  four  hours'  interval,  and  15  to  23  grs.  every 
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twelve   hours.      For   very   malignant    cases   hypodermic  or   intravenous 
injection  is  adopted  (v.i.). 

Mode  of  administration. — Quinine  may  be  given  by  the  mouth,  by 
the  rectum,  subcutaneously  or  intravenously.  It  has  been  applied  to 
the  skin  but  without  benefit.  The  most  generally  applicable  salt  is  the 
'•hydrochloride,  or  acid  hydrochloride.  It  is  the  most  soluble  and  hence  the 
most  rapidly  absorbed,  and  it  is  one  of  the  most  stable.  It  is  usually 
given  by  the  mouth,  unless  the  stomach  exhibits  some  intolerance,  or 
there  is  reason  to  believe  that  it  is  not  being  absorbed ;  or,  owing  to  the 
severity  of  the  disease,  an  immediate  action  is  required.  It  may  be  given 
in  solution,  or  in  powder  protected  by  some  form  of  capsule.  The  former 
is  the  most  readily  absorbed,  biit,  as  large  doses  are  required,  its  bitter 
taste  militates  against  its  use. 

If  administration  by  the  stomach  is  contra-indicated,  enemata  or  sup- 
positories may  be  employed.  A  solution  containing  2  per  cent,  quinine 
hydrochloride  in  water,  with  a  few  drops  of  laudanum,  has  been  recom- 
mended. It  is  absorbed  quickly,  but  as  it  possesses  a  somewhat  irritant 
action  it  cannot  always  be  used. 

The  hypodermic  administration  is  necessary  in  malignant  types  of 
malaria,  or  whenever  administration  by  the  mouth  or  rectum  is  impossible. 
Quinine  is  much  more  rapidly  absorbed  when  given  by  this  method,  but  it  is 
decidedly  painful,  and  not  infrequently  has  given  rise  to  abscess  or  eschar 
formation.  Various  solutions  have  been  suggested.  The  acid  hydro- 
chloride,  1  in  2  of  water,  has  been  largely  employed.  More  recently 
solutions  containing  urethane,  phenazonum,  or  phenocoll,  have  been  recom- 
mended. They  appear  to  form  new  chemical  products.  Quinine  hydro- 
chloride,  3 ;  urethane,  1*5  ;  distilled  water,  3,  dissolved  by  heat,  is  said  to 
be  a  neutral,  stable,  and  non-irritant  solution  (Neumann,  Gaglio).  Quinine 
hydrochloride,  3 ;  antipyrine,  2 ;  distilled  water,  6,  has  also  been  employed. 
Quinopyrin  is  formed,  which  is  less  toxic  than  quinine  (Santesson),  but 
Stoffella  says  it  is  useless.  He  employs  quinine  hydrochloride,  2 ;  water 
10  ;  and  dissolves  by  the  aid  of  heat,  just  previous  to  injection.  There  can 
be  no  doubt  that  solutions  resulting  in  the  formation  of  new  compounds 
should  be  looked  on  with  suspicion. 

Intravenous  injection  is  only  employed  in  severe  cases.  It  is  the 
quickest  and  surest  method,  but  Laveran  thinks  it  is  rarely  required.  It 
was  introduced  by  Bacelli,  who  used  a  solution  containing  quinine  hydro- 
chloride,  1 ;  sodium  chloride,  0'075 ;  distilled  water,  10.  This  is  injected 
into  a  vein,  usually  of  the  arm. 

Prophylactic  action. — Besides  curing  malaria,  quinine  also  prevents  its 
appearance.  This  fact  has  long  been  known,  and  it  has  been  repeatedly 
confirmed  by  travellers  in  malarial  regions.  The  dose  required  varies  with 
the  individual,  and  the  region  through  which  he  is  travelling,  but  5  grs.  a 
day  is  usually  sufficient ;  larger  doses  may  be  necessary  in  very  infective 
districts.  The  mode  of  action  will  be  readily  understood,  from  what  has 
previously  been  said.  All  quininised  individuals  do  not  escape ;  this  may 
be  due  to  insufficient  dosage  or  to  a  greater  susceptibility  to  the  disease — 
but  the  percentage  of  those  attacked  who  have  taken  quinine  is  much  less 
than  in  others.  Warren  gives  a  striking  case.  In  a  regiment,  during  the 
infective  season,  two  hundred  men  took  5  grs.  of  quinine  daily,  four  hundred 
did  not.  Of  the  former,  only  four  suffered  from  malaria ;  of  the  latter, 
more  than  three  hundred.  This,  however,  appears  to  be  somewhat  ex- 
ceptional (cf.  discussion,  Brit.  Med.  Journ.,  London,  1900,  vol.  ii.  p.  529). 
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Malarial  sequelae.  —  When  untreated  or  chronic,  malaria  becomes 
associated  with  severe  anaemia,  enlargement  of  the  spleen,  and  certain 
other  symptoms.  It  is  also  not  infrequently  accompanied  by  such  diseases 
as  dysentery  and  pneumonia,  and  followed  by  troublesome  neuralgias, 
epilepsy,  and  even  insanity.  All  these  conditions  have  been  treated  with 
quinine,  but  with  doubtful  benefit.  The  so-called  malarial  pneumonia 
appears  to  be  a  dual  infection.  Under  quinine  the  malaria  has  cleared  up, 
and  the  pneumonia  has  run  its  course.  The  most  susceptible  of  these 
forms  of  disease  to  quinine  is  neuralgia  when  periodic,  although  ordinary 
neuralgia  is  occasionally  benefited.  But  all  affections  of  a  periodic  char- 
acter occurring  in  malarial  subjects — conditions  often  called  masked  ague 
— are  usually  treated  by  quinine. 

Haemoglobinuric  or  black-water  fever,  a  disease  almost  limited  to  the 
tropics  and  allied  to  malaria,  is  commonly  treated  by  quinine.  It  has  been 
regarded  as  simply  the  result  of  the  administration  of  large  doses  of  quinine 
to  patients  suffering  from  malaria  (Koch),  but  on  insufficient  evidence. 

Certain  salts  of  quinine  have  been  introduced,  purposing  to  possess 
special  effects.  The  valerianate  was  said  to  be  more  tonic  and  less  liable 
to  produce  nervous  ill  effects  than  other  salts,  and  it  was  especially  recom- 
mended in  malarial  cases  with  marked  nervous  symptoms.  It  possesses  no 
such  advantage ;  and  the  same  may  be  said  of  the  arsenate  which  was 
recommended  in  chronic  malaria. 

Warburg's  tincture  has  been  much  employed  in  the  tropics.  It  con- 
tains sulphate  of  quinine,  aloes,  a  very  little  opium,  rhubarb,  camphor,  and 
many  aroma  tics.  The  dose  is  1  to  4  fluid  drms.  It  is  often  prescribed  to 
be  made  without  aloes. 

THE  ACTION  OF  OTHER  ALKALOIDS. 

The  action  of  the  other  chief  cinchona  alkaloids  is  similar  in  kind  to 
that  of  quinine,  but  it  differs  somewhat  in  degree.  All  are  protoplasmic 
poisons.  Their  main  interest  is  in  connection  with  their  use  in  malaria. 
They  have  all  been  used  in  this  disease,  but,  on  account  of  their  inferior 
value,  and  their  tendency  to  give  rise  to  ill  effects,  they  have  been 
abandoned  in  favour  of  quinine.  As  regards  their  relative  value  in 
malaria,  observers  differ.  Some  have  obtained  results  approaching  to  those 
of  quinine ;  others  have  found  them  almost  inactive.  Quinidine  is  said  to 
have  proved  beneficial  in  365  out  of  376  cases ;  cinchonine,  in  10  out  of 
410 ;  cinchonidine,  in  13  out  of  359  (quoted  by  Lewin).  Quinidine  pro- 
duces severer  gastro-intestinal  irritation  but  tinnitus  less  commonly  than 
quinine.  Cinchonine,  and  especially  cinchonidine,  produces  convulsions 
in  animals,  and  ill  effects  commonly  in  man.  The  occurrence  of  con- 
vulsions after  the  administration  of  quinine  has  been  attributed  to  ad- 
mixture with  these  bodies.  The  convulsions,  which  are  only  produced 
by  large  doses,  are  epileptiform  in  character,  and,  according  to  Albertoni, 
are  due  to  an  action  on  some  of  the  lower  centres  in  the  brain  or  cord. 
The  relative  action  of  these  compounds  has  been  investigated  on  simple 
tissues,  but  the  results  are  not  uniform.  As  antiseptics  they  have  been 
placed  in  the  following  order — quinine,  quinidine,  cinchonidine,  cinchonine 
(Brunton) — the  most  powerful  being  placed  first;  as  muscle  poisons — 
cinchonidine,  quinine,  cinchonine ;  quinidine  possessing  a  powerful,  but 
somewhat  different  action  (Wild) ;  as  heart  poisons  (isolated  heart  of  frog), 
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— ciuchonidine,  quinine,  cinchonine,  and  quinidine — the  relative  powers 
being  5,  2,  1,  1  (Santesson).  On  the  circulation  of  warm-blooded  animals 
no  difference  in  action  was  observed  (Santesson). 

Few  other  alkaloids  have  been  investigated.  Grimaux,  Laborde,  and 
I'xmiTii  examined  the  action  of  cupreine,  methyl  cupreine  (quinine)  and 
the  higher  homologues  up  to  amyl  cupreine,  and  found  both  toxicity  and 
therapeutic  action  to  increase  with  the  molecular  weight.  Cupreine  was 
very  slightly  active;  quinethylene  was  more  powerful  than  quinine,  and 
apparently  more  serviceable  in  certain  cases  of  malaria  in  which  it  was  tried. 
See  and  Bochefontaine  investigated  cinchonamine,  and  found  it  six  times  as 
toxic  as  quinine.  It  has  a  powerful  action  on  the  heart. 
/OC.H6 

/  «        i> 

EUQUININE  C0\  the  ethyl  carbonic  ester  of  quinine,  has 

XO.C20H23N20, 

recently  been  introduced  as  a  substitute  for  quinine.  It  occurs  in  crystal- 
line needles,  melting  at  95°  C.,  and  is  very  slightly  soluble  in  water, 
although  readily  soluble  in  alcohol,  ether,  or  chloroform.  It  forms  salts 
with  acids,  but  the  free  base  is  usually  employed.  It  has  scarcely  any 
bitter  taste,  and  is  said  to  be  less  toxic  and  to  produce  fewer  ill  effects 
than  quinine.  The  dose  recommended  is  one  and  a  half  to  twice  that  of 
quinine,  although  it  has  been  stated  to  be  equally  powerful.  It  has  been 
recommended  in  whooping-cough,  influenza,  and  other  conditions  in  which 
quinine  might  be  beneficial,  and  it  is  said  to  have  proved  valuable  in 
malaria  (v.  Noorden,  Cassel,  Neumann). 

OTHER  CONSTITUENTS  OF  CINCHONA. 

Cincho-tannic  acid  is  astringent,  like  other  forms  of  tannic  acid.  It 
occurs  in  variable  quantity,  and  is  comparatively  easily  decomposed. 

Quinic  acid,  in  the  form  of  the  lithium  salt,  is  said  to  diminish  the 
excretion  of  uric  acid,  and  consequently  it  has  been  used  in  gout.  It  has 
also  been  given  as  quinate  of  piperazine. 

Quinovin  is  a  bitter,  without  any  other  obvious  effect. 

Cinchona  bark  possesses  the  combined  actions  of  its  constituents.  In 
the  main  it  is  bitter  and  mildly  astringent.  It  is  now  rarely  used  in 
malaria,  owing  to  the  comparative  cheapness  of  quinine.  Also,  when  given 
in  large  amounts,  from  the  presence  of  adventitious  matter,  it  is  liable  to 
irritate  the  stomach.  Its  preparations  possess  much  the  same  action. 
They  are  rarely  given  for  the  effect  of  the  alkaloids  in  malaria,  but  they 
are  valuable  tonics  and  astringents  (see  p.  613).  Most  of  them  have  this 
action  increased  by  the  addition  of  other  substances. 
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SALICYLIC  ACID  AND  THE  SALICYLATES. 

SALICYLIC  ACID,  SODIUM  SALICYLATE,  BISMUTH  SALICYLATE,  METHYL  SALI- 
CYLATE,  OIL  OF  WiNTERGREEN  (known  as  Oleum  Gaultheria?),  OIL  OF 
SWEET  BIRCH  (known  as  Oleum  Betulse  Volatile),  SALICIN,  SALOL, 
LITHIUM  SALICYLATE,  PHYSOSTIGMINE  SALICYLATE. 

A  VERY  large  number  of  other  synthetical  compounds  of  salicylic  acid  are 
known ;  some  of  these  have  been  introduced  into  practice  as  substitutes  for 
salicylic  acid  and  sodium  salicylate.  None  of  them  as  yet  have  proved  of 
equal  value,  and  at  the  same  time  as  little  toxic  as  pure  salicylate  of  sodium  ; 
and  when  the  full  action  of  salicylic  acid  is  required,  no  better  drug  will 
probably  be  devised,  as  the  sodium  is  physiologically  the  most  inert  base 
with  which  it  is  possible  to  combine  an  acid,  and  the  other  compounds  and 
derivatives  of  salicylic  acid  are  probably  converted  into  the  sodium  salt 
within  the  body.  Some  of  these  synthetical  compounds  have  other 
valuable  properties  not  due  to  the  salicylic  acid  molecule;  they  do  not 
require  further  consideration  in  this  section. 

SALICYLIC  ACID,  AND  SALICYLATE  OF  SODIUM. 
(B.P.  AND  U.S.P.) 

Three  isomeric  hydroxy-benzoic  acids,  C6H4,OH,COOH,  are  known; 
only  one  of  these,  orthohydroxy-benzoic  acid  or  salicylic  acid,  is  used  in 
medicine,  the  meta-  and  para-  compounds  have  not  proved  of  any  value. 

SALICYLIC  ACID  may  be  obtained  from  natural  salicylates,  such  as  the  oil 
of  wintergreen  (Gaultheria  procumbens)  or  the  oil  of  sweet  birch  (Betula 
lento),  which  consist  largely  of  methyl  ester  of  salicylic  acid ;  it  may  also 
be  obtained  artificially  by  the  action  of  carbonic  anhydride  upon  sodium 
carbolate  and  decomposing  the  resulting  sodium  salicylate  by  hydrochloric 
acid. 

It  forms  distinct  prismatic  colourless  crystals  ;  it  has  at  first  a  sweetish, 
then  an  acid  taste,  and  leaves  a  burning  sensation  in  the  throat ;  it  lias  no 
smell,  but  is  irritating  to  the  nostrils  and  causes  sneezing.  In  water  it  is 
only  soluble  to  the  extent  of  1  in  500  when  cold,  but  dissolves  1  in  15 
of  hot  water,  in  alcohol  (90  per  cent.)  1  in  3,  in  ether  1  in  2,  chloroform 
1  in  55,  and  in  glycerin  1  in  200.  In  solutions  of  alkaline  hydroxides 
and  carbonates  it  dissolves  easily,  alkaline  salicylates  being  produced  ;  it 
also  dissolves  in  some  saline  solutions,  such  as  the  acetate  and  citrate 
of  ammonium,  phosphate  of  sodium,  acetate  and  citrate  of  potassium,  and 
borax.  With  ferric  chloride,  salicylic  acid  and  its  salts  give  a  reddish 
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violet  colour  in  aqueous  solution ;  this  forms  a  very  delicate  test,  and 
can  be  applied  to  the  urine  and  other  secretions. 

The  dose  of  salicylic  acid  is  5  to  20  grs.  Unguentum  Acidi  Salicylici, 
official  B.P.  only,  contains  1  of  salicylic  acid  with  50  of  white  paraffin 
ointment.  The  acid  is  also  contained  as  a  preservative  in  the  hypodermic 
injection  of  cocaine  and  the  solution  of  atropine  sulphate.  Physostigmine 
salicylate  is  official  U.S.P.  It  has  the  actions  of  physostigmine  (see  p.  293). 
Non-official  preparations  of  salicylic  acid,  which  are  largely  used,  are 
salicylic  collodium  in  strengths  up  to  1  in  5  ;  salicylic  acid  plasters,  5, 10,  or 
20  per  cent. ;  salicylic  acid  powder,  3  per  cent. ;  with  starch  and  powdered 
talc,  and  salicylic  acid  wool  containing  4  or  10  per  cent. 

Impurities. — The  artificial  acid  is  apt  to  contain  as  impurities  one  or 
more  of  the  isorneric  cresotic  acids ;  these  are  methyl  substitution  products 
of  the  hydroxy-benzoic  acids,  and  have  the  general  formula,  CH3,C6H3, 
OH,COOH.  They  are  more  toxic  than  salicylic  acid,  and  are  believed  to  be 
responsible  for  untoward  results  occasionally  seen  after  the  use  of  artificial 
salicylic  acid  or  its  salts ;  since  attention  was  drawn  to  their  importance, 
greater  care  in  the  manufacture  has  resulted  in  the  production  of  artificial 
acid  described  as  "  physiologically  pure."  The  natural  acid  (i.e.  obtained 
from  vegetable  sources)  is  free  from  these  impurities ;  it  is,  however,  some- 
what less  soluble  and  much  more  expensive  than  the  artificial  acid,  but  is 
said  to  be  less  often  attended  by  unpleasant  symptoms. 

SODIUM  SALICYLATE  (B.P.  and  U.S.P.)  may  be  obtained  by  the  action  of 
salicylic  acid  upon  sodium  carbonate  or  hydroxide.  It  consists  of  small 
colourless  scales  or  tabular  crystals  with  a  pearly  lustre.  It  has  a  sweetish 
saline  and  somewhat  unpleasant  taste  and  no  odour.  It  is  very  soluble 
(1  in  1)  in  water,  and  1  in  6  of  alcohol  (90  per  cent.).  The  impurities  are 
the  same  as  those  of  salicylic  acid,  and  the  difference  between  the  artificial 
and  natural  acids  as  regards  unpleasant  effects  is  found  also  in  the  sodium 
salts  obtained  from  them.  Its  dose  is  5  to  30  grs. 

Ammonium  salicylate,  potassium  salicylate,  calcium  salicylate,  and 
strontium  salicylate  are  sometimes  used  in  doses  of  5  to  20  grs.  in  place  of 
the  sodium  salt.  Lithium  salicylate  (U.S.P.)  was  introduced  because  its 
solutions  are  particularly  solvent  for  uric  acid,  but  its  effects  are  those  of 
lithium  salts  generally  (see  p.  346). 

Pharmacology. —External. — Antiseptic  Action. — Closely  allied  to 
phenol  in  chemical  constitution,  salicylic  acid  has  a  similar  power  of 
destroying  the  lower  forms  of  life  and  of  preventing  their  growth.  In 
this  action  it  is  somewhat  more  powerful  than  phenol :  1  in  60  will  de- 
stroy fully-developed  bacteria,  1  in  1000  will  prevent  the  growth  of  some 
organisms,  and  1  in  3000  hinder  spore  formation.  Alcoholic,  lactic,  and 
acetic  fermentations  are  also  inhibited  or  retarded  by  small  quantities ; 
proteid  solutions  are  preserved  from  decomposition,  and  urine  containing 
1  part  in  2000  will  remain  undecomposed  for  a  considerable  time.  Owing 
to  its  want  of  volatility,  putrescible  substances  and  solutions  exposed  to 
the  air  are  preserved  for  a  longer  time  by  salicylic  acid  than  by  phenol, 
the  latter  drug  being  gradually  volatilised.  The  slight  taste  and  absence 
of  odour  enable  salicylic  acid  to  be  added  to  beer,  wine,  milk,  and  other 
foods  as  a  preservative  without  impairing  the  flavour  or  being  detected  by 
the  consumer. 

Emulsine  and  other  vegetable  ferments,  and  the  digestive  ferments  of 
the  alimentary  canal,  are  inhibited  by  salicylic  acid  ;  1  per  cent,  is  sufficient 
to  check  the  action  of  ptyalin  on  starch,  and  0'2  per  cent,  is  stated  to 
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hinder  the  action  of  pepsin  outside  the  body.  Upon  the  movements  of 
living  protoplasm,  whether  in  vegetable  cells,  leucocytes,  or  protozoa,  sali- 
cylic acid  has  a  paralysing  action  like  that  of  quinine  (see  p.  597),  but  less 
powerful. 

It  has  recently  been  shown  that,  contrary  to  what  was  formerly 
believed,  salicylate  of  sodium  has  a  similar  antiseptic  action,  though  some- 
what less  active  than  the  free  acid. 

Skin. — Salicylic  acid  has  a  local  action  on  the  epithelium  when  applied 
to  the  skin  which  is  not  shared  by  salicylate  of  sodium.  In  a  dilute 
form  the  free  acid  belongs  to  the  class  of  kerato-plastic  agents,  and 
aids  in  the  regeneration  of  new  epithelium ;  it  also  acts  as  an  antiseptic 
application  to  the  skin,  and  prevents  the  decomposition  of  the  sweat  : 
according  to  some  authors,  the  amount  of  the  perspiration  is  decreased 
by  local  applications.  Applied  in  a  more  concentrated  form,  salicylic 
acid  has  a  peculiar  action  upon  the  epidermis,  and  especially  upon 
the  corneous  layer ;  the  horny  cells  are  softened,  gradually  loosened,  and 
separated  from  the  corium  without  any  inflammatory  reaction.  It  is  thus 
a  valuable  superficial  caustic  for  the  removal  of  thickened  epidermis  and 
the  destruction  of  superficial  cutaneous  growths,  such  as  warts  or  lupus 
nodules.  Applied  to  raw  surfaces,  wounds,  and  mucous  membranes,  salicylic 
acid  is  less  irritating  than  phenol,  but  may  after  a  time,  or  if  applied  in  a 
concentrated  form,  cause  some  destructive  action  upon  the  tissues. 

Internal. — The  action  of  salicylic  acid  and  sodium  salicylate  when 
taken  internally  is  identical,  save  that  the  sodium  salt  is  much  less  irri- 
tating to  the  stomach  than  the  free  acid,  and  can  therefore  be  given  in 
larger  doses  and  for  a  longer  time  without  bad  effects.  It  must  be  remem- 
bered that  to  produce  the  same  result  about  one-fourth  larger  doses  require 
to  be  given  of  sodium  salicylate. 

Skin. — In  addition  to  its  local  action,  already  described,  salicylic  acid 
given  internally  causes  dilatation  of  the  cutaneous  vessels,  possibly  by 
acting  upon  vaso-dilator  centres.  The  secretion  of  sweat  is  increased,  and 
may  be  very  copious ;  this  is  at  any  rate  in  part  the  result  of  the  dilatation 
of  the  vessels,  but  the  activity  of  sweat  centres  may  also  be  increased. 
Eruptions  of  an  erythematous,  urticarial,  vesicular,  or  petechial  character 
sometimes  occur  in  patients  taking  salicylates,  but  are  rare. 

Nervous  system. — In  medicinal  doses  salicylic  acid  has  little  action 
upon  the  central  nervous  system.  The  feeling  of  fulness  in  the  head,  and 
mental  confusion  after  large  doses,  may  be  the  result  of  disturbance  of  the 
circulation  in  the  brain.  Delirium  is  most  frequently  found  in  chronic 
alcoholics,  and  may  be  attended  by  hallucinations  similar  to  those  of 
delirium  tremens,  but  usually  free  from  terror.  The  convulsions  seen  in 
the  lower  animals  are  probably  asphyxial.  The  medulla  oblongata  is  ap- 
parently first  stimulated  and  afterwards  depressed.  In  frogs  large  doses 
may  paralyse  the  spinal  cord.  There  is  no  evidence  of  any  action  upon 
the  peripheral  nerves  or  muscles.  When  locally  applied,  however,  salicylic 
acid  is  toxic  to  the  muscles  of  the  frog.  Continued  use  of  full  doses  is 
believed  by  some  to  cause  a  general  depression  of  the  central  nervous 
system. 

Special  senses. — The  dimness  of  vision,  which  may  exceptionally  go  on 
to  complete  blindness,  is  possibly  due  to  an  action  upon  the  blood  vessels 
of  the  eye ;  it  may,  however,  be  of  central  origin. 

The  noises  in  the  ears  and  deafness  may  be  the  result  of  congestion  of 
the  tympanum,  which  has  been  shown  to  be  present  and  which  may  lead 


PHARMACOLOGY.  629 

to  inflammation  and  ecchymosis.  Occasionally  these  symptoms  persist, 
and  a  permanent  impairment  of  hearing  may  remain  after  a  course  of 
salicylates.  It  is  quite  possible,  however,  that  the  auditory  disturbances 
may  be  of  central  origin. 

Circulation. — A  large  amount  of  controversy  has  taken  place  regarding 
the  action  of  salicylic  acid  upon  the  circulation,  and  especially  as  to 
whether  it  causes  depression  of  the  heart  to  such  an  extent  as  to  interfere 
with  the  safe  use  of  the  drug  in  conditions  of  cardiac  inflammation  and 
weakness,  such  as  are  so  frequent  during  the  course  of  acute  rheumatism. 
Some  clinicians  consider  that  the  salicylates  are  cardiac  depressants,  and 
ought  not  to  be  administered  to  patients  suffering  from  cardiac  weakness, 
and  that  their  use  in  acute  rheumatism  should  be  discontinued  immediately 
if  cardiac  complications  arise;  others  look  upon  the  cardiac  weakness  as 
the  result  of  the  disease,  and  advise  the  drug  to  be  continued,  though  most 
admit  that  the  salicylates  have  much  less  effect  in  controlling  rheumatic 
cardiac  inflammation  than  rheumatic  arthritis. 

Experimental  results  show  that  in  animals  large  doses  injected  into  the 
blood  vessels  cause  an  immediate  and  marked  fall  of  blood  pressure.  This 
may  be  partly  central  from  depression  of  the  vasomotor  centres,  but  is 
mainly  cardiac,  as  it  occurs  after  section  of  the  depressor  and  vagus  nerves 
and  of  the  cervical  cord.  On  the  isolated  frog's  heart  small  doses  of  salicylic 
acid  have  no  perceptible  effect.  Large  doses  paralyse  the  heart. 

Moderate  doses  given  by  the  mouth  have  no  depressing  influence  on 
the  circulation,  but  the  blood  pressure  is  increased  from  stimulation  of  the 
vaso-constrictor  centre.  Very  large  doses,  however,  cause  the  heart  beats 
to  become  slow  and  weak  and  the  blood  pressure  to  fall.  Maragliano 
has  shown  by  sphygmographic  tracings  that  in  man  full  doses  (77  grs. 
in  two  doses  of  38'5  grs.  each,  given  in  water  with  an  interval  of  an 
hour  between  the  doses)  of  salicylate  of  sodium  possess  rather  a  raising 
than  a  lowering  action  upon  the  intra-arterial  blood  pressure  and  the 
pulse  frequency.  In  febrile  cases,  some  of  which  were  rheumatic,  no 
depression  of  the  circulation  was  observed.  The  effect  of  the  drug  upon 
the  pulse  showed  itself  about  one  hour  after  its  administration,  reached  its 
maximum  after  two  to  three  hours,  and  disappeared  in  three  to  four 
hours.  Continual  use  of  sodium  salicylate  in  doses  of  30  to  75  grs.  per 
day  did  not  show  any  depressing  effect.  It  is  possible  that  the  depressing 
effect  of  salicylates  upon  the  heart,  sometimes  observed  clinically,  may 
have  been  due  to  impurities  in  the  drug,  since  it  has  been  shown  that 
orthocresotic  acid  is  a  powerful  heart  poison,  and  Charteris  found  that 
artificial  salicylic  acid  and  its  sodium  salt,  containing  cresotic  acids,  was 
fatal  to  rabbits,  whereas  much  larger  doses  of  the  pure  acid  had  no 
injurious  effects. 

Respiration. — The  respiratory  centre  is  first  stimulated  and  then 
depressed.  With  fatal  doses  death  occurs  from  asphyxia  due  to  paralysis 
of  the  centre. 

Alimentary  canal. — Salicylic  acid  in  large  doses  by  the  mouth  causes 
vomiting  in  dogs,  and  in  man  its  continued  use  may  produce  gastric 
disturbance.  Salicylate  of  sodium  is  much  less  irritant  to  the  stomach, 
and  is  usually  tolerated  well,  even  in  full  doses  continued  for  a  consider- 
able time ;  60  to  75  grs.  are  said  to  have  been  taken  every  night  for  several 
years.  There  is  no  evidence  of  any  action  of  the  drug  upon  the  intestines. 

On  the  liver  sodium  salicylate  acts  as  a  direct  cholagogue,  both  the 
amount  of  bile  and  the  solids  are  increased,  but  not  to  any  large  extent. 
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In  dogs  the  bile  is  stated  to  become  more  liquid,  and  to  contain  less  than 
half  the  usual  amount  of  solid  constituents. 

Genito-urinary  system.— The  amount  of  the  urine  is  usually  increased, 
but  not  invariably.  The  colour  of  the  urine  is  often  dark  or  greenish,  due 
to  the  presence  of  pyro-catechin  or  indican,  or  both.  The  amount  of  urea 
is  increased,  sometimes  considerably,  while  the  uric  acid  is  largely  aug- 
mented. This  increased  elimination  of  nitrogenous  substances  occurs 
both  in  animals  and  in  man,  and  in  health  as  well  as  in  disease.  In  acute 
rheumatism  the  increased  elimination  of  urea  and  uric  acid  is  very  great 
for  three  or  four  days,  and  is  followed  by  a  diminution.  The  amount  of 
sulphur  compounds  in  the  urine  is  also  increased  by  salicylates.  The 
salicyluric  acid  in  the  urine  reduces  Fehling's  solution,  and  has  been 
mistaken  for  sugar.  The  urine  containing  salicylic  acid  compounds  will 
remain  undecomposed  for  a  considerable  time ;  its  normal  acidity  is  in- 
creased and  alkaline  urine  may  become  acid.  It  acts  as  an  antiseptic  to 
the  mucous  membrane  of  the  urinary  tract,  and  probably  this  antiseptic 
action  is  of  more  importance  than  its  increased  acid  reaction  in  conditions 
of  cystitis  with  alkaline  urine. 

The  kidneys  are  sometimes  irritated  by  salicylates,  and  the  urine  may 
contain  albumin  or  blood;  great  care  must  be  used  in  their  administration 
in  all  cases  of  renal  inflammation.  On  the  genital  organs  salicylic  acid 
does  not  appear  to  have  any  marked  action.  Abortion  of  pregnant  women 
is  said  to  have  occurred  after  the  administration  of  salicylates,  but 
evidence  is  wanting  as  to  the  effect  being  due  to  the  drug.  In  other 
cases,  menorrhagia,  or  increased  frequency  of  menstruation,  are  said  to 
have  followed  the  use  of  salicylates. 

Antipyretic  action. — The  normal  temperature  of  healthy  persons  is  not 
lowered  by  medicinal  doses  of  salicylates ;  toxic  doses  may  produce  a  sub- 
normal temperature.  In  febrile  conditions  a  marked  antipyretic  action  is 
observed,  but  salicylic  acid  and  its  salts  are  less  powerful  than  many  other 
antipyretic  drugs.  The  fall  of  temperature  is  accompanied  by  dilatation  of 
the  cutaneous  vessels  and  free  perspiration,  and  is  therefore  due,  in  part  at 
least,  to  increased  loss  of  heat  from  the  body.  It  is,  however,  generally 
believed  that  the  increased  heat  loss  is  insufficient  to  explain  the  whole  of 
the  antipyretic  action,  and  that  salicylates  possess  some  further  action, 
perhaps  on  heat  regulating  centres,  which  will  explain  the  antipyretic 
action  without  sweating  which  is  sometimes  observed.  Salicylates  are  now 
rarely  used  as  antipyretics,  save  for  acute  rheumatism. 

Antiperiodic  action. — Salicylic  acid  has  been  credited  with  an  anti- 
periodic  action  ;  this  is  doubted  by  observers.  In  any  case  it  is  much  inferior 
to  quinine  in  the  treatment  of  malaria. 

Metabolism. — Salicylic  acid  and  the  salicylates  have  a  marked  action 
upon  the  metabolism  of  the  proteid  constituents  of  the  body.  This  is 
shown  by  the  increase  of  the  nitrogenous  waste  excreted  by  the  kidney, 
and  by  the  increase  of  the  sulphur  compounds  in  the  urine.  Uric  acid  is 
increased  to  a  larger  extent  than  urea,  but  whether  this  is  due  merely  to 
increased  excretion  of  pre-existing  uric  acid,  or  to  increased  formation  of 
uric  acid  in  the  body,  is  not  yet  determined  ;  both  views  are  at  present  held 
by  different  observers.  The  increase  of  uric  acid  is  variously  estimated  at 
from  30  to  100  per  cent.  The  total  increase  of  nitrogen  in  the  urine 
is  10  to  12  per  cent.,  and  the  normal  relation  between  the  amount  of 
nitrogen  and  the  amount  of  sulphur  excreted  in  the  urine  is  disturbed, 
though  the  sulphur  is  increased  as  well  as  the  nitrogen.  It  is  not  deter- 
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mined  as  yet  whether  the  alteration  in  the  metabolism  of  the  body  is  or  is 
not  accompanied  by  increased  oxidation. 

Specific  action. — The  effect  of  salicylates  upon  acute  rheumatism  is  not 
fully  explained  by  what  is  known  as  to  the  action  of  the  drug  upon  the 
tissues  and  organs  of  the  body ;  in  our  present  ignorance  of  the  pathology 
of  acute  rheumatism,  we  can  only  accept  the  clinical  fact  that  in  many 
cases  of  this  disease  salicylates  exercise  a  beneficial  influence  as  marked  as 
that  of  quinine  in  ague ;  in  a  few  cases,  for  some  unknown  reason  they  fail. 
Some  clinicians  deny  any  specific  action  to  salicylates,  and  consider  their 
undoubted  beneficial  effect  as  due  simply  to  their  action  as  antipyretics ; 
this  is,  however,  opposed  to  the  fact  that  other  antipyretics  may  lower  the 
temperature  without  relieving  the  pain  and  swelling  of  the  joints. 

Absorption  and  elimination. — Salicylic  acid  is  converted  into  sodium 
sal  icy  late  in  the  alimentary  canal,  and  readily  absorbed ;  sodium  salicylate 
is  either  absorbed  unchanged,  or,  if  decomposed  by  the  acid  in  the 
stomach,  the  salt  is  again  produced  in  the  upper  part  of  the  small 
intestine.  It  may  now  be  regarded  as  established  that  in  the  blood  the 
drug  circulates  as  the  sodium  salt.  Binz  showed  that  carbonic  acid  under 
pressure  liberated  the  free  acid  from  solutions  of  sodium  salicylate  in  the 
presence  of  sodium  carbonate  and  phosphate,  and  he  believes  that  the  free 
acid  is  liberated  by  the  carbonic  acid  in  the  blood,  and  is  the  active 
medicinal  agent;  this  reaction  he  considers  to  occur  more  especially  in 
inflamed  tissues.  Later  experiments  on  the  blood  of  animals  poisoned 
by  salicylic  acid  have,  however,  shown  no  signs  of  the  free  acid,  except 
when  asphyxia  has  been  produced.  It  has  been  shown  that,  outside  the 
body,  a  compound  of  salicylic  acid  with  albumin  can  be  produced,  and  it 
has  been  suggested  that  such  a  compound  may  be  formed  in  the  blood ; 
there  is  as  yet  no  clear  evidence  in  favour  of  its  presence  within  the  body. 

Salicylic  acid  is  almost  entirely  excreted  by  the  kidneys  ;  in  some  cases 
nearly  the  whole  of  the  quantity  administered  can  be  recovered  from  the 
urine.  It  may  be  detected  in  the  urine  within  thirty  minutes  of  its 
administration,  but  its  entire  excretion  is  not  very  rapid,  since  it  has  still 
been  found  eight  days  after  the  administration  of  the  last  dose.  The 
greater  part  of  the  drug  is  excreted  as  salicyluric  acid,  a  compound  with 
glycocoll,  CHo(NH2)COOH,  analogous  to  hippuric  acid.  The  remainder  is 
excreted  either  as  salicylic  acid  or  as  the  sodium  salt ;  the  latter  may  be 
split  up  in  the  urine  after  excretion.  Unlike  phenol,  salicylic  acid  does 
not  form  double  compounds  with  sulphuric  acid.  A  little  may  be 
reduced  to  pyrocatechin,  and  colour  the  urine  dark  or  greenish,  but 
possibly  this  colour  may  be  due  to  indican.  Salicylic  acid  has  also  been 
detected  in  the  saliva,  milk,  sweat,  bile,  faeces,  and  in  the  serum  of  a 
blister,  but  only  in  very  small  quantity,  and  by  no  means  invariably. 

Toxicology. — An  ordinary  medicinal  dose  of  5  to  20  grs.  usually  causes 
no  symptoms  in  man,  even  when  repeated ;  but  some  people  possess  an 
idiosyncrasy  to  the  drug,  and  are  unpleasantly  affected  by  comparatively 
small  doses.  Large  doses  of  20  to  60  grs.  cause  symptoms  not  unlike 
those  produced  by  quinine,  a  feeling  of  fulness  and  sometimes  confusion 
in  the  head,  singing  or  roaring  in  the  ears,  with  some  impairment  of 
hearing,  dimness  of  vision,  feeling  of  warmth  in  the  skin,  usually  free 
perspiration,  and  sometimes  a  slight  fall  of  temperature.  This  assemblage 
of  symptoms  is  known  as  "  Salicylism."  Very  large  doses  cause  as  well  a 
quickened  and  deepened  respiration,  which  may  become  extreme  dyspnoea, 
a  slow  weak  pulse,  disturbances  of  hearing  or  vision,  delirium  or  un- 
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consciousness,  and  death  from  paralysis  of  the  respiratory  centre,  the 
heart  continuing  to  beat  after  respiration  has  ceased.  Recovery  has  oc- 
curred from  over  300  grs.,  while  400  grs.  taken  within  twelve  hours  have 
proved  fatal.  In  several  cases  where  death  is  said  to  have  occurred  from 
iiHK'h  smaller  doses,  the  drug  was  probably  impure;  in  some  people,  how- 
ever, serious  symptoms  result  from  small  doses. 

In  non-fatal  cases  after  large  doses,  albumin  and  blood  have  been 
found  in  the  urine,  abortion  is  said  to  have  been  produced,  epistaxis  is  not 
unfrequent,  the  mental  disturbance  is  sometimes  prolonged,  and  the  hear- 
ing may  be  permanently  impaired.  Chronic  alcoholic  patients  bear  the 
drug  badly,  delirium  being  an  especially  marked  symptom.  In  a  few 
cases  eruptions  occur  on  the  skin,  even  after  medicinal  doses. 

In  the  frog  large  doses  of  salicylic  acid  cause  quickened  respiration, 
increased  reflex  irritability,  muscular  tremor,  and  clonic  convulsions ;  the 
heart  is  slowed  and  weakened.  In  dogs,  salicylic  acid  given  by  the  mouth 
is  usually  rejected  by  vomiting ;  sodium  salicylate  injected  into  the  veins 
in  doses  of  60  to  75  grs.  causes  acceleration  of  the  respiration  and  pulse, 
followed  by  weakness  of  the  heart,  muscular  power  is  diminished,  the 
gait  is  ataxic,  there  is  hebetude  and  even  sleep ;  with  fatal  doses,  dyspnoea, 
convulsions,  and  asphyxia  precede  death;  and  post-mortem  there  is  con- 
gestion of  the  brain,  liver,  kidneys,  and  tympanum ;  when  the  acid  has 
been  taken  by  the  mouth,  the  mucous  membrane  of  the  stomach  is  found 
congested  and  eroded. 

Though  as  much  as  280  grs.  of  salicylate  of  sodium  has  been  given  per 
day,  it  is  rare  for  more  than  60  to  80  grs.  to  be  administered.  Some 
patients  are  affected  by  very  small  doses,  and  quickly  manifest  the  un- 
pleasant symptoms  already  described ;  it  is  well,  therefore,  to  commence 
with  small  doses  for  patients  who  have  not  taken  the  drug  before,  or  if 
large  doses  are  required  to  keep  the  patient  under  careful  observation. 

Therapeutics. — External. — As  a  surgical  dressing  in  the  antiseptic 
treatment  of  wounds,  salicylic  acid  is  sometimes  used  in  the  form  of  cotton- 
wool, jute,  or  lint  containing  from  3  to  10  per  cent,  of  the  drug.  It  has  not, 
however,  superseded  phenol,  and  is  less  successful  in  practice ;  it  is  not  used 
for  instruments,  as  it  takes  away  the  edge  of  steel  cutting  instruments. 

A  solution  of  10  per  cent,  in  water,  with  sufficient  borax  to  render  it 
soluble,  is  sometimes  useful  as  an  antiseptic  lotion  and  dressing :  diluted, 
the  same  solution  may  be  used  for  washing  out  the  bladder.  As  a  local 
application  in  cutaneous  diseases,  salicylic  acid  is  largely  used  and  is  a 
valuable  remedy ;  the  sodium  salicylate  does  not  possess  the  same  value, 
and  is  rarely  employed  in  these  cases.  Salicylic  acid  is  a  very  efficacious 
superficial  caustic  for  the  removal  of  hypertrophied  epithelium,  such  as 
occurs  in  tylosis,  corns,  and  warts;  it  is  the  active  ingredient  of  some 
popular  "  corn  cures."  For  this  purpose,  strong  applications,  10  per  cent, 
to  40  per  cent.,  are  used  in  the  form  of  ointment,  paint,  or  plaster ;  the 
latter  is  often  found  to  be  the  most  efficient ;  in  some  cases,  especially  soft 
sores  and  venereal  warts,  the  powdered  acid  may  be  applied  with  good 
results.  Paints  are  obtained  by  dissolving  salicylic  acid,  1  in  10  to  1  in  5 
in  ether,  collodion,  or  flexible  collodion ;  as  some  pain  is  caused  by  the 
stronger  applications,  extract  of  cannabis  indica  is  sometimes  added  to  the 
collodion  as  a  sedative.  The  paint  may  be  applied  once  or  twice  a  day  for 
a  few  days,  the  softened  epithelium  removed,  and  the  paint  reapplied  if 
necessary.  As  a  caustic  for  lupus  vulgaris,  salicylic  acid  is  particularly 
valuable ;  its  destructive  action  is  distinctly  more  marked  upon  the  nodules 
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of  the  disease  than  upon  the  healthy  skin ;  3  to  5  per  cent,  ointments  may 
be  used  continually  for  weeks,  or  stronger  applications  (10  to  40  per  cent.) 
for  a  few  days  at  a  time  in  the  form  of  ointment,  paint,  or  plaster; 
creosote  is  often  added  as  a  sedative  to  the  strong  ointments,  and  also 
inn-rases  their  antiseptic  power.  For  cancer  and  rodent  ulcer  the  action 
of  salicylic  acid  is  too  superficial  for  effective  destruction ;  it  is,  however, 
useful  in  early  superficial  growths,  such  as  rodent  ulcer,  where  operation 
is  refused.  Weaker  applications  are  useful  antiseptic  dressings  in  some 
cases  of  ulcerated  carcinoma.  To  increase  its  destructive  action  on  morbid 
growths,  zinc  chloride  (6  to  10  per  cent.)  or  lactic  acid  (10  per  cent.)  have 
been  added  to  salicylic  collodion.  Salicylic  acid  is  often  added  to  ointments 
and  i  taints  containing  other  drugs,  such  as  tar,  ichthyol,  or  sulphur,  used 
for  the  treatment  of  lupus  vulgaris,  lichen  planus,  psoriasis,  and  other  scaly 
diseases  of  the  skin ;  its  action  upon  the  epidermis  probably  aids  the  penetra- 
tion of  the  drugs  into  the  deeper  layers  of  the  diseased  skin.  Favus  and 
ringworm  of  the  scalp  are  sometimes  treated  by  solution  of  salicylic  acid 
in  alcohol  and  ether,  or  by  ointments  or  collodion  ;  it  is  not  always  reliable, 
hut  is  a  useful  alternative  application  to  more  active  remedies. 

Weak  applications,  1  to  5  per  cent.,  in  the  form  of  pastes  and  oint- 
ments, are  largely  used  in  the  treatment  of  the  superficial  inflammatory 
diseases  of  the  skin,  such  as  eczema  and  seborrhoeic  dermatitis.  "  Lassar's 
paste,"  consisting  of  zinc  oxide  (2  drms.),  starch  powder  (2  drms.),  vaseline 
(4  drms.),  and  salicylic  acid  (10  grs.),  is  widely  used  for  eczematous  con- 
ditions ;  the  proportion  of  salicylic  acid  may  be  diminished  in  very  acute 
cases,  and  increased  as  required.  The  more  superficial  the  type  of  inflam- 
mation, the  better  is  the  effect  of  salicylic  acid.  Acne  vulgaris,  acne 
rosucea,  and  seborrhoea  capitis  are  sometimes  improved ;  a  solution  of 
salicylic  acid  in  hot  water  is  recommended  by  some  to  be  applied  to 
each  spot  in  acne ;  as  a  rule,  however,  sulphur  is  a  better  remedy  in  these 
diseases.  Pruritus  ani,  especially  when  complicated  by  an  eczematous 
condition  of  the  peri-anal  skin,  is  sometimes  markedly  relieved  by  salicylic 
acid.  In  hyperidrosis  and  bromidrosis,  especially  the  offensive  hyperi- 
drosis  pedium,  dusting  powders  containing  1  to  3  per  cent,  of  salicylic  acid 
are  exceedingly  useful,  the  "  pulvis  salicylicus  cum  talco  "  of  the  German 
Pharmacopeia,  contains  3  per  cent,  of  the  acid,  with  10  per  cent,  of  starch 
and  87  per  cent,  powdered  talc.  In  the  sweating  of  phthisis  similar 
powders  are  also  of  value. 

Insufflations  of  the  powdered  acid  have  been  recommended  in  diph- 
theria, and,  suitably  diluted,  as  applications  to  the  nasal  mucous  membrane 
in  hay  fever  and  coryza.  Solution  of  the  acid,  1  in  250  of  water,  with 
sufficient  alcohol  to  dissolve  it,  is  used  as  a  mouth  wash  in  catarrhal 
stomatitis  and  thrush. 

A  solution  of  1  in  600  is  used  to  form  solutions  of  alkaloids  and  other 
drugs  liable  to  develop  fungus  growth  ;  salicylic  acid  is  frequently  added  to 
wine,  beer,  preserved  fruit,  and  other  food-stuffs  as  a  preservative ;  whether 
the  continual  use  of  small  quantities  in  food  is  injurious  to  health  is  not  as 
yet  fully  proved,  but  digestive  disturbances  and  renal  disease  are  said  to 
have  been  produced  or  aggravated  in  old  people  and  in  those  specially 
susceptible,  and  its  use  for  this  purpose  has  been  prohibited  in  some 
countries.  An  interesting  use  of  salicylic  acid  is  its  employment  for  the 
treatment  of  "foul  brood"  in  bees;  this  is  due  to  a  fungus  growth  which 
infects  entire  hives.  If  the  bees  are  fed  on  syrup  containing  016  per  cent, 
of  salicylic  acid,  they  regain  their  health  and  the  disease  disappears. 
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Solutions  of  salicylate  of  sodium  are  sometimes  employed  as  local 
applications  to  the  joints  in  rheumatic  arthritis,  also  as  antipruritic 
lotions,  uiul  for  washing  out  the  bladder. 

Internal. — The  sodium  salicylate  is  now  generally  preferred  to  the 
free  acid  for  internal  use ;  there  is  no  evidence  that  it  is  in  any  way  inferior 
in  value  when  given  in  equivalent  doses,  and  it  certainly  is  less  apt  to 
derange  digestion. 

General  diseases. — Acute  rheumatism  is  the  disease  for  which  the  sali- 
cylates  are  most  used,  and  in  which  they  afford  the  best  results.  Whether 
specific  in  their  action  upon  the  unknown  cause  of  acute  rheumatism  or 
not,  they  undoubtedly  reduce  the  temperature,  relieve  the  pain,  and 
diminish  the  arthritis  in  the  large  majority  of  cases,  within  forty-eight 
hours,  and  in  many  cases  improvement  is  manifested  within  twelve  hours. 
The  best  results  are  obtained  by  giving  full  doses  of  20  to  30  grs.  every 
two  or  three  hours,  until  either  some  impression  is  made  upon  the 
symptoms  or  slight  salicylism  (often  shown  first  by  noises  in  the  ears)  is 
produced ;  four  to  six  doses  of  this  character  are  generally  sufficient,  and 
the  drug  should  then  be  continued  in  diminished  doses,  and  at  longer 
intervals,  according  to  the  severity  and  progress  of  the  case,  until  the 
temperature  has  been  normal  for  a  week  or  ten  days.  The  too  early 
stoppage  of  the  salicylate  is  frequently  followed  by  a  relapse,  and  some 
practitioners  believe  that  relapses  are  more  frequent  in  acute  rheumatism 
treated  by  salicylates  than  in  the  same  disease  under  alkaline  or  other 
methods  of  treatment.  In  the  hyperpyrexia  occasionally  seen  in  acute 
rheumatism,  the  salicylates  do  not  appear  to  be  of  much  value,  and  are 
decidedly  less  efficacious  than  the  cold  bath. 

The  controversy  as  to  whether  salicylates  prevent  the  cardiac  compli- 
cations of  acute  rheumatism  cannot  be  regarded  as  satisfactorily  settled. 
Most  observers  believe  that  by  shortening  the  disease  and  reducing  the 
duration  of  pyrexia,  they  diminish  the  risk  of  endocarditis  and  pericarditis, 
but  there  appears  to  be  very  considerable  doubt  as  to  whether  the  drug 
has  any  favourable  influence  upon  the  course  of  pericarditis  or  endocarditis 
when  those  conditions  have  actually  developed.  Some  clinicians  hold  that 
by  reducing  the  arthritis  the  salicylates  may  even  increase  the  liability  to 
cardiac  inflammation.  It  has  also  been  a  much  debated  point  as  to 
whether  the  salicylate  ought  to  be  stopped  or  continued  after  the  develop- 
ment of  cardiac  inflammation ;  since  it  is  now  proved  that  in  moderate 
doses  pure  salicylates  are  not  powerful  cardiac  depressants,  as  was  formerly 
supposed,  most  authorities  are  in  favour  of  continuing  their  exhibition 
unless  cardiac  weakness  is  very  marked. 

In  many  cases  of  acute  rheumatism  the  best  results  are  obtained  by 
giving  the  salicylate  of  sodium  in  combination  with  an  alkali;  sodium 
bicarbonate,  potassium  bicarbonate,  ammonium  carbonate,  or  the  aromatic 
spirit  of  ammonia  may  be  used,  and  the  combination  is  often  better  borne 
by  the  stomach  than  the  salicylate  alone. 

In  subacute  and  mild  forms  of  acute  rheumatism,  salicylates  may  be 
used  with  benefit,  but  are  less  effectual  in  chronic  forms  of  the  disease ; 
some  even  consider  that  they  are  of  no  value  in  chronic  rheumatism.  In 
gonorrhoaal  arthritis,  salicylates  usually  fail  to  give  relief,  especially  in 
the  subacute  and  more  chronic  types.  In  chronic  rheumatoid  arthritis 
the  salicylates  are  rarely  found  to  be  of  value ;  occasionally  they  relieve 
the  acute  intercurrent  exacerbations  which  occur  in  the  course  of  the 
disease. 
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In  the  acute  specific  diseases  salicylates  were  at  one  time  used  as 
antipyretics,  but  are  now  superseded  by  more  powerful  drugs.  In  typhoid 
fever  they  exercise  no  curative  power ;  even  if  the  temperature  is  lowered 
the  duration  of  the  disease  is  not  diminished.  In  scarlet  fever  they  are 
sometimes  valuable  in  cases  complicated  by  severe  arthritis,  the  so-called 
scarlatinal  rheumatism,  and  often  relieve  the  pain  in  the  affected  joints. 
In  diphtheria  the  salicylates  have  been  employed  without  much  success. 
Influenza  has  been  largely  treated  by  salicylates,  and  many  consider  that 
the  severity  of  the  disease  is  lessened  and  the  symptoms  quickly  relieved 
by  their  early  exhibition.  In  malaria  the  salicylates  are  of  little  value  ; 
in  severe  cases  they  are  quite  ineffectual,  and  in  any  case  much  inferior  to 
quinine. 

Gout,  according  to  the  majority  of  clinical  observers,  is  not  relieved  by 
salicylates,  though  A.  Haig  looks  upon  them  as  valuable  remedies  in 
acute  gout,  owing  to  their  power  of  increasing  the  elimination  of  uric 
acid.  In  chronic  gout  they  are  of  little  if  any  value,  and  the  consensus 
of  opinion  at  present  is  to  consider  that  in  all  forms  of  gout  the  salicylates 
are  inferior  to  other  remedies,  and  in  a  few  cases  may  be  positively 
.harmful. 

Skin  diseases. — In  one  group  of  skin  diseases  salicylates  are  of  distinct 
value ;  this  is  the  erythema  group,  of  which  erythema  multiforme, 
erythema  iris,  and  erythema  nodosum  are  the  most  common  forms.  It  is 
usually  believed  that  these  diseases  have  some  relation  to  rheumatism ; 
salicylate  of  sodium,  10  grs.  three  times  a  day,  is  generally  sufficient  to 
afford  relief,  and  shortens  the  duration  of  the  attack. 

Psoriasis  in  its  early  spreading  stages,  and  also  in  the  acute  outbreaks 
during  the  progress  of  the  chronic  form,  is  often  much  benefited  by  sali- 
cylates. It  is  in  the  actively  spreading  stage,  when  arsenic  cannot  be  given, 
that  they  are  chiefly  of  value ;  old  patches  of  the  disease  are  not  affected  by 
the  drug.  Lupus  erythematosus  is  occasionally  improved  by  the  salicylate 
of  sodium  ;  more  often,  however,  it  fails  entirely.  Leprosy  is  said  in  a  few- 
cases  to  have  improved  under  full  doses  of  salicylates. 

Nervous  system. — Migraine  and  other  forms  of  headache  are  sometimes 
relieved,  also  neuralgia  and  some  forms  of  sciatica.  The  good  effects  are 
believed  by  some  to  be  due  to  the  increased  elimination  of  uric  acid ;  in 
many  cases,  however,  the  drug  affords  no  relief.  In  epilepsy  no  benefit 
has  been  shown  to  follow  the  use  of  salicylates,  which  are,  however,  still 
occasionally  given.  From  its  action  upon  the  sense  of  hearing  and  the 
tympanum,  salicylates  have  been  used  in  Meniere's  disease,  and  apparently 
at  times  with  benefit. 

Pains  in  the  muscles  and  limbs,  especially  on  movement,  as  lumbago, 
pleurodynia,  so-called  growing  pains  of  children,  and  the  other  myalgic 
conditions  sometimes  known  as  "  muscular  rheumatism,"  are  often  relieved 
by  5  to  10  grs.  of  sodium  salicylate  three  times  a  day.  Chorea,  especially 
when  pain  in  the  joints  and  muscles  is  present,  has  been  successfully 
treated  by  moderate  doses. 

Alimentary  canal. — Quinsy  and  acute  non-suppurative  tonsillitis  are  in 
many  cases  relieved  by  salicylates ;  it  is  possible  that  the  cases  relieved 
by  the  drug  are,  as  many  believe,  related  in  some  way  to  rheumatism.  To 
check  fermentation  in  gastric  dilatation,  other  remedies  are  generally  more 
effectual  than  the  salicylates,  while  the  sodium  salt  is  absorbed  too  rapidly 
to  have  any  value  in  checking  diarrhoea  or  acting  as  an  intestinal  anti- 
septic. In  gall  stones  the  power  of  sodium  salicylate  to  render  the  bile 
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more  fluid  has  been  utilised,  and,  it  is  said,  with  considerable  benefit  in 
some  cases.  As  a  direct  cholagogue,  other  remedies  are  more  powerful, 
and  are  generally  used  in  preference. 

Respiratory  tract. — Laryngitis  and  bronchitis  in  gouty  patients  arc 
sometimes  improved.  In  pneumonia  and  phthisis  there  is  no  proof  of  any 
beneficial  effect ;  in  pleurisy  with  effusion  it  has  been  said  to  aid  the 
absorption  of  the  fluid,  but  in  many  cases  it  fails. 

Eye. — In  glaucoma  the  pain  is  sometimes  markedly  relieved  by  sali- 
cylates,  and  in  subretinal  effusion  and  detached  retina,  benefit  is  claimed 
for  it  in  a  few  cases. 

Diabetes  and  glycosuria  have  been  treated  by  large  doses  of  salicylate  of 
sodium ;  as  much  as  150  grs.  per  day  has  been  given.  In  some  cases  a 
marked  diminution  in  the  amount  of  sugar  excreted  has  been  noted,  and  in 
a  few  the  sugar  has  completely  disappeared  ;  in  the  glycosuria  of  elderly 
people  the  best  results  have  been  obtained,  the  sugar  in  the  urine  gradually 
diminishing  as  the  dose  of  the  salicylate  is  increased.  In  other  cases, 
especially  the  diabetes  of  young  people,  no  beneficial  effect  whatever  has 
been  found. 

Genito-urinary  system. — In  pyelitis  and  cystitis  the  sodium  salicylate  is 
sometimes  given  as  a  urinary  antiseptic;  other  remedies,  however,  are 
more  powerful  and  generally  preferable.  Salicylates  should  not  be  given 
in  renal  disease  on  account  of  their  possible  irritant  action  on  the  kidneys 
during  excretion.  Owing  to  the  occasional  action  on  the  uterus,  the  salicy- 
lates  are  better  avoided  in  pregnant  women  and  in  patients  suffering  from 
menorrhagia.  In  venous  thrombosis  and  phlegmasia  alba  dolens,  sodium 
salicylate  has  been  given  with  apparent  benefit ;  we  have  no  knowledge 
as  to  its  mode  of  action  in  these  cases. 

Administration. — The  salicylic  acid  may  be  given  in  suspension  or  in 
cachets,  but  is  apt  to  irritate  the  stomach ;  it  is  sometimes  dissolved  in 
solution  of  ammonia  so  as  to  form  an  ammonium  salicylate,  and  is  then 
taken  easily.  Solutions  in  potassium  acetate  or  citrate  are  sometimes 
employed.  The  pure  sodium  salicylate  is  the  best  preparation  for  ordinary 
use ;  the  natural  salt  is  the  best,  but  the  synthetic  salt  can  now  be 
obtained  in  a  sufficiently  pure  form  to  answer  every  medicinal  purpose. 
A  little  alkali  enables  large  doses  to  be  better  tolerated  by  the  stomach, 
and  the  taste  is  best  covered  by  some  strong  flavouring  agent  such  as 
ginger,  cardamoms,  orange,  or  liquorice.  It  is  often  stated  that  sodium 
salicylate  is  incompatible  with  aromatic  spirit  of  ammonia,  owing  to  the 
mixture  turning  brown ;  the  therapeutic  value  of  the  combination  is,  how- 
ever, not  impaired. 

Salicylate  of  sodium  is  readily  absorbed  from  the  rectum,  and  a  solution 
of  it  may  be  injected  as  an  enema ;  the  dose  per  rectum  requires  to  be 
somewhat  larger  than  by  the  mouth. 

BISMUTH  SALICYLATE. 

(B.P.) 

A  white  amorphous  powder,  insoluble  in  water,  prepared  by  the 
action  of  bismuth  nitrate  upon  sodium  salicylate ;  it  has  the  formula 
C6H4.OH.COO.Bi.O.  Its  dose  is  5  to  20  grs. 

In  its  action  it  is  more  allied  to  the  bismuth  compounds  (see  p.  409) 
than  to  the  salicylates,  but  is  considered  to  possess  additional  antiseptic 
properties,  and  especially  to  exercise  a  sedative,  astringent,  and  antiseptic 
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action  upon  the  alimentary  canal.  It  is  sometimes  used  in  place  of  iodo- 
foriu  as  an  odourless  antiseptic  and  sedative  dusting  powder  for  wounds, 
ulcers,  and  some  skin  affections. 

Internally  it  is  employed  as  a  gastric  sedative  and  antiseptic  in  catarrh 
and  dilatation  of  the  stomach,  and  in  chronic  gastric  ulceration.  In 
typhoid  fever  and  various  forms  of  diarrhoea  it  is  given  as  an  astringent 
and  intestinal  antiseptic,  and  is  considered  by  many  authorities  to  be  of 
greater  value  than  the  other  preparations  of  bismuth.  As  much  as  150  grs. 
has  been  taken  within  twenty-four  hours  without  any  bad  effects. 

METHYL  SALICYLATE,  OIL  OF  WINTERGREEN  (Gaultlicria  proc-umbens), 

(U.S.P.)  (U.S.P.) 

OIL  OF  SWEET  BIRCH  (Betula  lento). 

(U.s.r.) 

These  two  oils  consist  almost  entirely  (90  per  cent,  or  over)  of  methyl 
salicylate,  and  are  used  for  medicinal  purposes.  They  have  a  fragrant 
odour  and  a  pleasant  hot  taste. 

Artificial  oil  of  wmtergreen,  or  methyl  salicylate,  which  the  United  States 
Pharmacopoeia  directs  shall  be  made  synthetically,  C0H4.OH.COO.CH3,  is 
prepared  from  salicylic  acid  and  methyl  alcohol;  it  may  be  used  as  a 
Substitute  for  the  natural  oil,  but  is  said  to  have  greater  toxic  properties. 
The  dose  of  any  of  these  is  10  to  15  minims. 

Pharmacology  and  therapeutics. — Methyl  salicylate  is  rapidly 
absorbed  from  the  skin ;  it  has  been  detected  in  the  urine  within  half  an 
hour  of  its  local  application  to  the  surface  of  the  body.  Large  doses  act, 
like  other  volatile  oils,  as  irritants  to  the  stomach ;  there  is  a  feeling  of 
warmth  in  the  epigastrium,  nausea  and  vomiting;  death  has  occurred 
after  half  an  ounce  of  the  oil.  Small  doses  are  usually  well  tolerated,  but 
in  some  persons  continued  doses  cause  loss  of  appetite  and  gastric  dis- 
turbance. Medicinal  doses  of  methyl  salicylate  are  decomposed  in  the 
body  and  salicylic  acid  is  produced,  the  drug  being  chiefly  excreted  as 
salicyluric  acid ;  in  very  large  doses  methyl  salicylate  is  partly  excreted 
unchanged.  The  action  of  oil  of  wintergreen  and  methyl  salicylate  after 
absorption  is  the  same  as  that  of  salicylic  acid,  and  they  are  used  for  the 
same  therapeutical  purposes.  In  acute  and  subacute  rheumatism,  the 
drug  may  be  given  in  capsules  or  in  emulsion,  and  the  dose  increased  if 
necessary ;  as  much  as  150  drops  has  been  taken  in  twenty-four  hours, 
though  salicylism  usually  shows  itself  after  a  much  smaller  quantity. 
Evidence  is  wanting  to  prove  that  the  methyl  salicylate  possesses  any 
advantages  over  sodium  salicylate  for  internal  use. 

As  a  local  application  to  the  joints  in  rheumatic  arthritis,  methyl  sali- 
cylate may  be  used  either  pure  or  diluted  with  olive-oil ;  when  covered  with 
impermeable  tissue  it  is  rapidly  absorbed  by  the  skin,  and  reported  to  be 
of  considerable  value. 

SALICIN. 
(B.P.  AND  U.S.P.) 

Salicin  or  salicinum  is  a  crystalline  glucoside,  C6Hn05.O.C6H4.CH2OH, 
obtainable  from  the  bark  of  various  species  of  Salix  and  of  Populus.  It 
forms  colourless  shining  tabular  crystals  soluble  in  30  parts  of  cold  water ; 
the  solution  has  a  very  bitter  taste ;  it  is  very  soluble  in  boiling  water ; 


638  SALICYLIC  ACID  AND  THE  SALICYLATES. 

only  1  in  60  of  alcohol,  and  insoluble  in  ether.  On  carefully  warming 
saliciu  with  dilute  sulphuric  acid,  it  is  converted  into  glucose  and  saligenin 
(C0H4OH,  CH2OH)  or  salicyl  alcohol.  Its  dose  is  5  to  20  grs. 

Pharmacology  and  therapeutics.— Salicin  has  the  action  of 
a  bitter  tonic  upon  the  stomach ;  it  is  readily  absorbed,  and  acts  in  a 
similar  manner  to  salicylic  acid,  into  which  it  is  partially  converted :  the 
products  of  its  decomposition  may  appear  in  the  urine  within  thirty 
minutes  of  its  administration.  It  is  probable  that  the  decomposition  of 
salicin  into  saligeniu  and  glucose  takes  place  in  the  alimentary  canal, 
since  it  is  chieny  excreted  unchanged  when  injected  into  the  veins.  The 
saligenin  is  further  oxidised  in  the  body  to  salicylic  acid  •  in  some  cases 
apparently  salicylic  aldehyde  (C^HjOH.COH,  sometimes  called  salicylous 
acid)  is  formed,  and  can  be  found  in  the  urine.  When  given  by  the  mouth, 
salicin  appears  in  the  urine  as  salicyluric  acid;  there  may,  however,  be 
some  unaltered  salicin,  as  well  as  salicylic  acid,  aldehyde,  and  alcohol. 

In  doses  of  30  to  150  grs.,  salicin  acts  in  exactly  the  same  manner  as 
salicylic  acid ;  it  is,  however,  a  bitter  tonic  instead  of  an  irritant  to  the 
stomach,  and  has  not  the  disagreeable  taste  of  sodium  salicylate ;  according 
to  some  observers,  it  is,  however,  less  reliable  in  its  effects  than  either, 
and  is  now  but  little  used  for  acute  rheumatism.  Maclagan  and  Senator 
in  1876  introduced  salicin  into  practice,  but  preparations  of  willow  bark 
had  long  been  used  in  cases  of  febrile  disease.  In  milder  rheumatic 
affections,  in  chronic  rheumatic  pains,  and  especially  where  a  tonic  is 
required,  salicin  is  a  useful  drug.  It  is  also  sometimes  given  in  phthisis 
as  an  antipyretic,  and  is  highly  praised  by  some  observers  in  influenza.  In 
malaria,  salicin  is  decidedly  inferior  to  quinine,  but  has  been  found  useful 
where  the  latter  drug  was  not  to  be  obtained.  In  small  doses,  salicin  may 
be  used  as  a  mild  bitter  tonic  in  place  of  small  doses  of  quinine  or  other 
bitters.  Salicin  has  no  antiseptic  properties,  unless  decomposed  into  its 
constituents. 

SALIGENIN  has  also  been  employed  in  place  of  the  salicylate  of  sodium 
in  acute  rheumatism,  and  with  apparently  similar  results ;  the  dose  used 
was  7  to  15  grs. 

SALOL. 
(B.P.  AND  U.S. P.) 

Salol,  or  phenyl  salicylate,  C(;H4OH.COO.CtiH5,  is  prepared  by  the 
action  of  salicylic  acid  upon  phenol,  or  by  the  action  of  phosphoryl  or 
carboiiyl  chloride  upon  a  mixture  of  sodium  salicylate  and  sodium  phenate. 
It  is  a  white  crystalline  powder,  with  a  faint  aromatic  odour  and  very 
little  taste.  In  water  it  is  almost  insoluble  ;  in  alcohol  it  dissolves  1  in  10  ; 
is  very  soluble  in  ether,  chloroform,  volatile  and  fixed  oils.  It  is  not 
decomposed  by  weak  acids,  but  under  the  influence  of  alkalies  it  splits  up 
into  salicylic  acid  and  phenol,  which  form  compounds  with  the  alkaline 
base.  One  hundred  parts  of  salol  yield  40  of  phenol  and  60  of  salicylic 
acid.  Its  dose  is  5  to  15  grs. 

Pharmacology  and  therapeutics. — External. — Salol  has  been 
used  as  an  antiseptic  in  dusting  powders  and  ointments ;  it  has,  however, 
little  if  any  antiseptic  power,  unless  it  is  decomposed  into  its  constituents ; 
according  to  some  authors,  this  decomposition  can  be  effected  by  the  living 
tissues  or  by  bacteria.  In  eczema,  impetigo  contagiosa,  sycosis,  and  f urun- 
culosis,  salol  is  used  in  the  form  of  powder  (20  to  50  per  cent.),  ointment, 
best  made  with  vaseline,  or  dissolved  in  collodion  as  a  paint ;  it  is  some- 
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times  useful,  but  has  no  superiority  over  many  other  remedies  in  these 
case's. 

Solutions  in  alcohol  and  water,  1  to  5  per  cent.,  are  used  as  gargles  and 
mouth  washes.  Salol  melted  at  40°  C.  is  recommended  for  cavities  in 
bone;  on  cooling,  it  forms  a  firm,  non-irritating  antiseptic  plug.  With 
camphor,  salol  when  warmed  forms  a  liquid  which  is  used  as  an  antiseptic 
local  application. 

Internal. — Salol  passes  unchanged  through  the  mouth  and  stomach, 
in  the  intestine  it  is  decomposed  into  compounds  of  phenol  and  salicylic 
acid  ;  these  exercise  a  local  antiseptic  action  upon  the  intestines,  are  readily 
absorbed,  and  if  in  sufficient  quantity,  produce  their  respective  effects  upon 
the  body,  and  are  excreted  by  the  urine  in  the  ordinary  way,  the  salicylic 
compounds  as  salicyluric  acid,  the  phenol  as  sulphocarbolates ;  the  urine  is 
often  dark-coloured  or  greenish,  as  after  the  administration  of  phenol. 
When  salol  is  given  in  the  form  of  powder  or  in  cachets,  it  sometimes  fails 
to  undergo  decomposition,  and  several  cases  have  occurred  in  which 
intestinal  calculi  have  been  found  composed  almost  entirely  of  the  drug. 

Salol  has  been  used  internally  for  a  very  large  number  of  conditions ;  in 
many  cases  further  experience  has  failed  to  justify  some  of  the  earlier 
eulogistic  reports.  The  diseases  in  which  it  is  more  or  less  useful  may  be 
grouped  into  three  classes,  namely,  the  rheumatic  group,  the  group  in 
which  it  is  used  as  an  intestinal  antiseptic,  and  the  diseases  in  which  it 
acts  as  an  antiseptic  in  the  urine. 

Rheumatism,  both  acute  and  chronic,  is  benefited  by  salol ;  by  large 
doses  the  ordinary  effects  of  salicylic  acid  can  be  produced.  Except  for 
the  taste,  salicylate  of  sodium  is  a  better  remedy,  since  in  the  quantity  of 
salol  necessary  to  produce  the  physiological  effects  of  the  salicylates  a 
dangerous  amount  of  phenol  is  also  administered.  In  gonorrhoeal  arthritis 
it  is  stated  to  be  more  efficacious  than  salicylic  acid ;  possibly  this  may  be 
due  to  its  greater  power  as  a  urinary  antiseptic.  In  sciatica,  lumbago,  and 
neuralgia  it  is  much  inferior  to  other  remedies,  and  has  little  analgesic 
power. 

Intestinal  antiseptic. — Salol  has  been  largely  used  in  typhoid  fever  and 
certain  forms  of  diarrhoea,  especially  the  summer  diarrhoea  of  children,  and 
appears  to  act  well  in  many  cases.  Its  tendency  to  form  intestinal  calculi 
necessitates  caution  in  its  use  where  the  bowel  is  ulcerated,  as  in  the  later 
stages  of  typhoid.  In  cholera  it  has  failed  to  produce  any  good  results. 
In  urticaria  and  other  skin  eruptions  due  to  toxic  absorption  from  the 
alimentary  canal,  salol  has  been  largely  used.  Some  cases  rapidly  improve, 
but  in  many  no  benefit  is  derived  from  its  use. 

Ewald  proposed  using  salol  as  a  test  of  the  rate  at  which  food  passed 
from  the  stomach.  The  urine  was  tested  for  salicyluric  acid  by  means  of 
perchloride  of  iron  at  short  intervals  after  the  drug  had  been  taken  by 
the  mouth,  it  being  assumed  that  salol  was  immediately  decomposed  on 
entering  the  duodenum  and  its  constitutents  rapidly  excreted  in  the  urine. 
In  healthy  people  the  reaction  in  the  urine  was  obtained  in  from  30  to  45 
minutes,  in  cases  of  dilated  stomach  not  for  2  to  3  hours.  This  test  is  not 
altogether  reliable,  since  we  know  that  salol  may  remain  in  the  intestine 
for  a  considerable  time  without  being  decomposed,  and  many  observers 
consider  that  for  the  same  reason  its  action  as  an  intestinal  antiseptic  is 
unreliable. 

Urinary  antiseptic. — In  cases  of  pyelitis  and  cystitis  with  foul  alkaline 
urine,  salol  is  a  very  useful  and  generally  reliable  drug.  Both  its  con- 
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stituents  are  excreted  in  the  urine,  and  act  as  local  antiseptics  upon  the 
mucous  membrane  of  the  urinary  tract.  It  certainly  appears  to  be  more 
efficient  than  either  of  its  constituents  given  alone,  and  has  the  important 
advantage  of  introducing  them  into  the  urine  without  any  injurious  action 
upon  the  stomach.  In  gonorrhoea,  apart  from  arthritis,  it  is  also  of  value, 
and  can  be  dissolved  in  the  volatile  oils  of  copaiba  or  sandal-wood. 

Salol  ought  not  to  be  administered  in  cases  of  renal  inflammation,  and 
when  large  doses  are  prescribed  the  patient  should  be  carefully  watched. 
The  large  proportion  of  phenol  ought  to  be  remembered,  and  though  salol 
is  in  practice  less  poisonous  than  its  chemical  constitution  would  lead  one 
to  expect,  yet  120  grs.  taken  within  eight  hours  have  resulted  in  death. 

In  influenza,  diabetes,  and  other  diseases  for  which  salicylate  of  sodium 
is  given,  salol  is  frequently  substituted ;  beyond  its  comparative  freedom 
from  taste,  it  does  not  appear  to  have  any  special  advantage. 

Administration. — When  given  in  powder  or  cachet,  salol  is  best  diluted 
with  some  harmless  powder ;  the  most  prompt  action  and  least  possibility 
of  calculus  formation  is  obtained  by  giving  it  suspended  by  means  of  acacia 
or  tragacanth.  Pharmaceutically,  salol  may  be  employed  as  a  coating  for 
pills  which  it  is  desired  should  pass  through  the  stomach  undissolved ; 
the  pills  only  require  to  be  dipped  into  salol  which  has  been  melted  by  a 
gentle  heat. 
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HYDEASTIS. 

(B.P.    AND    U.S. P.) 

THE  dried  rhizome  and  roots  of  Hydrastis  canadensis,  the  golden  seal.  It 
has  a  yellowish  colour  on  transverse  section,  a  slight  but  characteristic 
odour,  and  a  bitter  taste. 

Composition. — At  least  three  alkaloids  are  present  in  hydrastis ;  the 
most  important  is  hydrastine,  the  others  are  berberiue  and  canadine. 
Hydrastine,  C21H21NOfi,  is  chemically  related  to  anarcotine,  one  of  the  opium 
alkaloids;  the  latter  differs  from  hydrastine  by  the  substitution  of  CHO 
in  place  of  H ;  both  are  derivatives  of  isoquinoline.  When  hydrastine 
is  acted  upon  by  oxidising  agents,  it  is  decomposed  into  opianic  acid 
and  another  alkaloid  hydrastinine,  CnH13N03 ;  under  similar  conditions 
anarcotine  is  also  decomposed  into  opianic  acid  and  an  alkaloid  cotarnine, 
C12H15N04. 

Berberine,  C20HirN04,  is  a  bitter  alkaloid  found  also  in  other  plants, 
such  as  Berberis  vulgaris  and  Jateorhiza  columba.  Canadine  is  only  present 
in  small  quantities.  A  yellow  resin,  xantho-puccine,  is  also  present  in  the 
rhizome. 

Hydrastis  is  usually  given  as  the  tincture  (B.P.  and  U.S.P.),  in  doses  of 
30  to  60  minims.  A  solid  extract  is  also  prepared,  and  given  in  doses  of 
2  to  5  grs.  Hydrastine  and  its  hydrochloride  are  used  in  doses  of  \  to 
1  gr.,  and  also  the  hydrochloride  of  hydrastinine  in  doses  of  £  to  \\  grs. 
Commercial  hydrastin  is  a  mixture  containing  chiefly  berberine  and  a  little 
hydrastine ;  the  dose  is  2  to  6  grs. 

Pharmacology. — The  action  and  uses  of  hydrastis  and  its  alkaloids 
have  lately  been  the  subject  of  much  controversy.  Even  now  it  can  hardly 
be  said  that  its  value  has  been  determined ;  some  speak  highly  of  it,  while 
others  consider  that,  apart  from  its  bitterness,  it  has  little  value.  Experi- 
ments have  yielded  contradictory  results ;  in  some  cases  this  has  probably 
been  due  to  the  use  of  inert  preparations.  It  appears  to  be  proved  that 
the  canadine  has  little  if  any  part  in  the  action  of  the  drug.  In  large 
doses  it  causes  excitement,  followed  by  depression  and  paralysis  of  the 
nervous  system  and  weakness  of  the  heart.  Berberine,  in  the  quantity 
present,  acts  only  as  a  simple  bitter  ;  20  grs.  have  been  taken  without  any 
marked  effects  in  man,  though  large  doses  are  toxic  to  dogs  and  rabbits, 
causing  muscular  tremors,  convulsive  movements,  and  paralysis. 

Hydrastine  is  the  chief  active  constituent.  In  toxic  doses  it  causes  in 
frogs  an  effect  upon  the  spinal  cord  very  similar  to  that  of  strychnine, 
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namely,  increased  reflex  irritability,  tetanic  convulsions,  and  finally  motor 
paralysis.  It  has,  however,  a  direct  depressing  effect  upon  the  muscles 
themselves,  and  eventually  destroys  their  contractile  power.  The  heart 
is  slowed  and  weakened,  partly  by  a  similar  depressing  effect  upon 
the  cardiac  muscle,  and  partly  by  stimulation  of  the  inhibitory  centres 
in  the  medulla.  In  mammals  small  doses  slow  the  pulse,  larger  doses 
produce  increased  respiratory  movements,  muscular  weakness,  and  tremors. 
Toxic  doses  cause,  in  addition,  salivation,  vomiting,  increased  intestinal 
peristalsis,  feeble  rapid  pulse,  increased  reflex  irritability,  clonic  and 
tetanic  convulsions,  and  death  from  asphyxia,  due  either  to  spasm  of  the 
respiratory  muscles  or  else  to  paralysis  of  the  respiratory  centre. 

Skin. — The  alkaloid  has  little  if  any  action  on  the  unbroken  skin  ;  the 
preparations  of  the  rhizome  are,  however,  believed  to  have  a  local  stimu- 
lating and  astringent  action,  and  are  sometimes  used  externally. 

Nervous  system. — Hydrastine  has  apparently  no  action  on  the  cerebral 
hemispheres.  The  centres  in  the  medulla  oblongata  are  at  first  stimulated 
so  that  the  pulse  is  slowed  from  increased  action  of  the  vagus,  the  blood- 
pressure  rises  from  stimulation  of  the  vaso-constrictor  centre,  and  respira- 
tion is  accelerated.  The  spinal  cord  is  stimulated  and  the  convulsions 
produced  in  the  lower  animals  are  not  prevented  by  previous  section  of  the 
cord,  but  disappear  when  it  is  destroyed.  Large  doses  produce  later  on 
paralysis  of  both  the  medulla  and  spinal  cord.  Motor  nerve  trunks  are 
depressed  by  the  local  application  of  hydrastine ;  there  is  no  evidence  that  it 
has  any  influence  upon  sensory  nerves,  or  any  action  as  a  local  anaesthetic, 
though  the  latter  has  been  asserted  by  some  writers. 

Muscles. — Hydrastine  is  a  general  muscle  poison,  but  according  to  some 
its  paralysing  effect  is  preceded  by  a  stage  of  stimulation.  Voluntary 
muscles  are  paralysed  by  the  direct  application  of  hydrastine ;  in  some  cases 
the  contractile  power  is  apparently  increased  at  first. 

Circulation. — The  cardiac  muscle  is  depressed,  and  finally  paralysed  by 
direct  application  of  hydrastine ;  the  occurrence  of  a  primary  increase 
in  the  force  of  the  beat  is  uncertain.  The  pulse  is  at  first  slowed  from 
stimulation  of  the  inhibitory  centre,  then  quickened  from  paralysis  of  the 
centre,  and  finally  becomes  slow  and  weak  from  the  direct  depressing 
action  of  the  drug  upon  the  heart.  The  blood  pressure  rises  from  con- 
striction of  the  arterioles  throughout  the  body.  This  is  certainly  due  in 
part  to  the  action  upon  the  vasomotor  centre  in  the  medulla ;  but  most 
authors  believe  that  it  is  in  part  due  to  a  direct  action  upon  the  muscular 
coats  of  the  vessels.  Later  experiments  throw  considerable  doubt  upon  this 
direct  stimulating  action  of  hydrastine  on  muscular  tissue.  With  large  doses 
the  blood  pressure  afterwards  falls  from  paralysis  of  the  centre,  paralysis  of 
the  muscular  coats  of  the  arteries,  and  paralysis  of  the  cardiac  muscle. 

Respiration  is  accelerated  at  first,  then  slowed.  Death  occurs  from 
asphyxia,  as  already  described. 

Alimentary  canal. — Large  doses  cause  salivation  and  vomiting,  increased 
intestinal  peristalsis,  and  perhaps  some  increase  of  the  secretions  of  the 
alimentary  canal.  The  secretion  of  bile  is  said  to  be  increased,  but  this  has 
not  been  proved  experimentally  to  result  from  hydrastine.  The  commercial 
hydrastine  (an  extract  from  the  rhizome)  was  found  to  have  some  cholagogue 
effect. 

Genito-urinary  system. — The  alkaloid  is  excreted  in  the  urine  unchanged, 
but  does  not  influence  the  quantity  of  urine  or  the  excretion  of  urea. 
Its  action  on  the  uterus  is  disputed.  The  arteries  of  the  uterus  are 
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contracted  equally  with  those  of  the  body  generally,  and  it  is  possible  that 
a  diminished  blood  supply  to  the  placenta  may  cause  death  of  the  fostus  and 
subsequent  abortion,  apart  from  any  action  of  the  drug  upon  the  uterine 
muscles.  Most  authorities  believe  that  hydrastine  has  the  power  of  in- 
ducing rhythmical  contractions  both  of  the  pregnant  and  non-pregnant 
uterus,  and  it  is  claimed  that  in  rabbits  this  action  can  be  experimentally 
produced.  Others  deny  any  such  power,  and  further  experiments  are 
required  upon  this  point.  At  present  the  balance  of  opinion  seems  to  be 
against  the  direct  action  of  the  drug  upon  the  uterine  muscle,  and  to 
regard  it  as  much  inferior  to  ergot  as  an  ecbolic,  and  in  controlling  post- 
partum  haemorrhage,  while  admitting  its  haemostatic  power  in  functional 
menorrhagia. 

Eye. — Locally  applied,  hydrastine  is  said  to  first  contract,  afterwards 
dilate  the  pupil. 

Absorption  and  elimination. — When  given  by  the  mouth,  hydrastine 
and  its  salts  are  readily  though  slowly  absorbed ;  in  order  to  kill,  one-tenth 
of  the  dose  required  to  be  given  by  the  mouth  is  sufficient  when  injected 
hypodermically  or  into  a  vein.  According  to  some,  hydrastine  has  a 
cumulative  effect ;  this  is  denied  by  others.  The  alkaloid  is  eliminated 
unchanged,  chiefly  by  the  urine,  slightly  by  the  faeces.  The  fact  that 
hydrastine  itself  is  found  in  the  urine  is  against  the  view  formerly  held, 
that  it  is  oxidised  within  the  body  to  hydrastinine,  and  that  the  activity  of 
the  drug  is  really  due  to  the  latter  alkaloid. 

The  preparations  of  the  rhizome  possess  the  action  of  hydrastine,  and 
also  act  as  gastric  bitters ;  they  are  believed  to  have  a  special  local  effect 
in  controlling  chronic  catarrh  of  the  mucous  membrane,  and  to  stimulate 
the  secretion  of  bile.  Locally  applied,  they  are  also  believed  to  control 
catarrhal  inflammation  of  other  mucous  membranes,  such  as  the  pharynx, 
urethra,  or  vagina,  and  have  also  been  applied  to  the  skin  in  eczema  and 
other  cutaneous  lesions. 

Therapeutics. — Hydrastine  can  be  given  hypodermically  when  a 
rapid  action  is  desired;  in  other  cases  the  preparations  of  the  rhizome 
from  a  reliable  source  are  best,  but  they  require  to  be  taken  for  some 
time,  as  absorption  is  slow. 

Locally,  as  applications  to  inflamed  mucous  membranes,  the  fluid  extract 
or  tincture  may  be  used  as  a  lotion,  gargle,  or  injection  in  strengths  of 
from  1  in  8  of  water  or  thin  mucilage,  to  1  in  20.  Benefit  is  said  to  result 
in  the  subacute  and  chronic  stages  of  gonorrhoea,  in  leucorrhrea,  ha^mor- 
rhoids,  otorrhcea,  stomatitis,  and  naso-pharyngeal  catarrh.  Stronger  pre- 
parations are  used  as  dressings  to  sloughing  sores,  chronic  ulcers,  and 
ulcerating  malignant  growths,  and  are  applied  as  paints  with  glycerin  in 
follicular  pharyngitis,  to  cracked  nipples,  and  to  the  eroded  cervix  uteri. 

Alimentary  canal. — Hydrastis  is  used  as  a  bitter  stomachic  tonic  in 
dyspepsia,  and  especially  in  the  gastric  catarrh  due  to  chronic  alcoholism, 
where  it  is  also  valuable  as  a  substitute  for  the  alcohol  of  which  the  patient 
has  been  deprived.  It  is  also  useful  in  atonic  dyspepsia  with  constipation, 
in  duodenal  catarrh  with  jaundice,  and  has  been  given  as  a  cholagogue. 

Lungs. — In  chronic  bronchitis  it  has  been  stated  to  ease  the  cough, 
diminish  and  facilitate  expectoration,  when  given  in  doses  of  twenty  to 
thirty  drops  of  the  liquid  extract  four  times  a  day ;  it  has  no  value  in  acute 
bronchitis.  In  phthisis  some  observers  have  found  it  useless ;  others 
believe  that  it  controls  night  sweats,  and  acts  as  a  haemostatic  in 
haemoptysis. 
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Uterine  haemorrhage. — Hydrastis  has  been  largely  used  with  variable 
results ;  in  post-partum  haemorrhage,  in  haemorrhage  from  uterine  fibroids, 
in  haemorrhage  from  malignant  disease,  the  balance  of  evidence  appears  to 
be  distinctly  unfavourable.  In  menorrhagia,  especially  that  of  a  functional 
character  at  puberty,  and  at  the  menopause,  the  best  results  have  been 
attained.  In  other  forms,  as  an  ecbolic  in  labour,  and  in  uterine  fibroids  to 
cause  shrinking,  it  is  probably  inferior  to  ergot.  It  has  also  been  used  in 
dysmenorrhoea  and  endometritis. 

Malaria. — Hydrastis  is  credited  with  some  antiperiodic  power,  but  is 
much  inferior  to  quinine. 

HYDRASTININE. 

This  differs  from  hydrastine  in  the  absence  of  any  convulsive  action,  in 
diminishing  the  irritability  of  the  motor  centres  of  the  cortex,  and  in  not 
depressing  the  heart.  On  the  medulla  it  acts  like  hydrastine,  slows  the 
heart-beat  and  constricts  the  arterioles.  The  raised  blood  pressure  from 
the  constricted  vessels  is  maintained  for  a  long  period,  as  the  heart  is  not 
depressed.  When  hydrastinine  is  passed  through  an  isolated  frog's  heart 
in  Williams'  apparatus,  the  contraction  becomes  more  powerful  and 
complete,  and  final  arrest  occurs  in  systole.  According  to  some  authors, 
hydrastinine  causes  a  contraction  of  the  arterioles  by  direct  action  on  their 
muscular  coats,  as  well  as  through  the  vasomotor  centre.  Experimental 
evidence  upon  this  question  is  still  indecisive,  and  the  same  doubt  is  also 
present  with  regard  to  its  action  on  the  uterine  muscle,  and  its  alleged 
power  of  causing  uterine  contractions  both  of  the  pregnant  and  non- 
pregnant  uterus.  Given  hypodermically  to  women  in  labour,  it  is  said  to 
increase  the  force  and  length  of  the  uterine  contractions.  This  is  denied 
by  others,  who  also  assert  that  it  has  no  power  of  controlling  post-partum 
haemorrhage  or  of  aiding  involution  of  the  uterus. 

Applied  to  the  eye,  hydrastinine  causes  dilatation  of  the  pupil,  lasting 
some  hours. 

It  is  readily  absorbed,  and  is  eliminated,  chiefly  in  the  urine,  unchanged. 
No  effect  has  been  found  upon  the  bile. 

It  is  used  to  control  haemorrhage ;  it  causes  a  greater  constriction  of  the 
vessels  than  hydrastine,  the  constriction  is  maintained  for  a  longer  time, 
and  there  is  no  danger  of  depressing  the  heart.  From  its  action  on  the 
heart  it  is  available  as  a  cardiac  tonic,  and  has  been  used  with  some 
success.  From  its  depressing  effect  upon  the  cortical  motor  centres  it 
has  been  recommended  in  epilepsy,  and  some  patients  have  apparently 
improved,  others  showed  no  improvement.  It  is  conveniently  given 
hypodermically. 

Cotarnine  hydrochloride,  known  as  "  stypticin,"  may  be  used  for  the 
same  purposes  as  hydrastinine,  in  doses  of  \  to  \  gr. 
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PICEOTOXIN. 

(B.P.  AND  U.S. P.) 

PICROTOXIN  is  a  neutral  principle  obtained  from  the  fruits  of  the  Anamirta 
paniculata  (Colebrooke).  Besides  about  50  per  cent,  of  oil  and  fat,  the 
seeds  contain  I'O  to  l-5  per  cent,  of  picrotoxin,  and  a  crystalline  inactive 
substance,  cocculin  or  anamirtin. 

Historical. — The  fruits  are  believed  to  have  been  introduced  into  Europe 
by  the  Arabs.  The  first  mention  of  them  is  made  by  Euellius  (1536),  who 
states  that  when  scattered  on  water  they  stupefy  fishes  so  that  they  may 
be  captured  by  the  hand.  Somewhat  later  (1597)  they  appear  to  have 
been  used  in  England  for  poisoning  fish  and  destroying  vermin,  and  about 
the  same  time  they  were  introduced  into  medicine  by  Battista  Condrouchi , 
an  Italian  physician.  The  active  principle,  picrotoxin,  was  isolated  by 
Boullay  in  1812.  In  1833,  Pelletier  and  Couerbe  obtained  from  the  pericarp 
two  tasteless,  non-poisonous  substances,  menispermine  and  paramenisper- 
mine,  but  these  are  of  no  practical  importance. 

Picrotoxin  occurs  in  colourless  prismatic  crystals,  melting  at  192° '2  C. 
(378°  E.).  It  is  soluble  in  water  (1  in  330  of  cold,  1  in  35  of  boiling),  in 
alkalies  (1  in  10  of  solution  of  caustic  potash),  in  alcohol  (1  in  13  of  cold, 
1  in  3  of  boiling),  and  in  organic  solvents  generally.  It  possesses  a  very 
bitter  taste,  the  limit  being,  according  to  Eamm,  1  in  80,000.  Commercial 
picrotoxin  is  believed  by  Barth  and  Kretschy  to  be  impure,  but  according 
to  Schmidt  and  Lowenhardt  it  is  only  unstable,  being  easily  broken  up  into 
picrotoxinin  and  picrotin  by  boiling  in  benzol  or  chloroform. 

Pharmacology. — Picrotoxin  is  primarily  a  bitter  and  a  convulsant. 
On  all  classes  of  vertebrates,  with  the  exception  of  fishes,  the  latter  action 
is  evident. 

In  man,  toxic  doses  (£  gr.)  produce  irritation  of  the  alimentary  canal — 
vomiting  and  salivation,  abdominal  pain  and  diarrhoea — and  nervous 
symptoms — light-headedness,  and  dizziness,  tonic  and  clonic  convulsions 
often  heralded  by  a  cry,  delirium,  and  unconsciousness.  Other  symptoms 
are  an  anxious  expression,  pallor  of  the  face,  dilated  pupils,  cold  sweats, 
and  sometimes  thirst.  The  pulse  and  respiration  vary. 

In  animals  similar  symptoms  are  seen.  Fish  show  inco-ordinate  move- 
ments ;  frogs,  after  preliminary  excitement,  depression  followed  by  tonic 
and  clonic  convulsions.  These  are  often  accompanied  or  immediately 
preceded  by  a  peculiar  croak,  due  to  spasm  of  the  glottis,  which  is 
followed  by  swelling  of  the  body  owing  to  inflation  of  the  lungs.  In  rabbits, 
lethargy,  an  increased  frequency  in  the  respiration,  restlessness,  and  injec- 
tion of  the  ears  are  obtained  after  small  doses,  convulsions  and  death  after 
large  ones.  The  earliest  symptom  in  dogs  is  salivation.  This  is  usually 
accompanied  by  vomiting,  and  is  followed  by  rapid,  jerky  respirations  and 
spasms.  These  usually  commence  in  the  head  and  extend  over  the  whole 
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body,  until  well-marked  opisthotonos  or  emprosthotouos  develops.  The 
tonic  convulsions  are  followed  by  clonic,  which  gradually  fade  away  into  a 
condition  of  exhaustion.  These  symptoms  may  be  followed  by  death  or 
recovery.  Death  is  due  to  asphyxia  during  a  convulsion,  to  exhaustion 
from  repeated  convulsions,  or  after  very  large  doses  to  paralysis  of  the 
heart  or  respiration.  In  other  mammals  the  symptoms  are  similar.  In 
pigeons  there  is  vomiting,  which  is  followed  by  tremors,  and  after  larger 
doses  by  convulsions  and  death.  The  toxic  dose  per  kilo  body-weight, 
according  to  the  researches  of  Brockmann  and  Siegl  and  Keck,  is— mice, 
2-511  mgrms. ;  rabbits,  T3  mgrm.;  dogs,  1-5  mgrm. ;  pigeons,  1408  mgrm. : 
the  dose  producing  convulsions — mice,  1'909  mgrm. ;  rabbits,  T3  mgrm. ; 
dogs,  T0526  mgrms. ;  pigeons,  1408  mgrm.  In  the  case  of  rabbits  and 
pigeons  the  lethal  and  convulsive  dose  is  the  same.  Crichton  Browne, 
however,  obtained  recovery  after  distinct  convulsions  had  been  produced 
in  rabbits;  the  lethal  dose,  according  to  him,  is  greater  than  that 
cited. 

Nervous  system. — The  convulsions  are  believed  by  different  observers  to 
be  due  to  an  action  on  the  cerebrum,  the  medulla  oblongata,  or  the  spinal 
cord.  According  to  Rb'ber,  destruction  of  the  cerebral  hemispheres  has  no 
effect  on  their  production ;  separation  of  the  optic  lobes  diminishes  their 
intensity  and  regularity ;  and  section  or  destruction  of  the  medulla  prevents 
them  altogether.  He  therefore  believed  that  they  were  of  medullary 
origin,  and  in  this  he  was  supported  later  by  Heubel  and  Boehm,  and 
quite  recently  by  Gruinard  and  Dumarest.  Luchsinger,  however,  believed 
that  they  were  also  of  spinal  origin.  With  winter  frogs  he  got  the  same 
result  as  previous  observers,  i.e.  convulsions  which  were  limited  to  the 
proximal  part  after  section  of  the  cord ;  but  in  summer  frogs  spasms  also 
occurred  in  the  hind-legs.  And  the  same  effect  was  obtained  when  winter 
frogs  were  warmed  to  32°  C.  before  the  picrotoxin  was  injected.  He  was 
thus  of  opinion  that  the  temperature  was  of  importance.  Crichton  Browne, 
on  the  other  hand,  supports  the  cerebral  origin  of  the  convulsions,  and 
explains  how,  owing  to  the  blood  supply,  the  facial,  aural,  and  neck  muscles 
are  first  affected.  In  contrast  to  strychnine,  the  reflex  activity  is  at  first 
markedly  diminished  by  picrotoxin  ;  later,  it  improves,  and  after  the  onset 
of  the  convulsions  almost  reaches  its  normal  height. 

The  peripheral  nerves  are  not  affected,  although  substances  (curare, 
nicotine,  atropine)  which  act  on  nerve  terminations  inhibit  certain  of  the 
symptoms  produced  by  picrotoxin;  atropine,  for  example,  diminishes  or 
prevents  the  slowing  of  the  heart,  the  spasms  of  the  glottis,  and  the  in- 
creased cutaneous  secretion  produced  by  picrotoxin  in  frogs.  Nussbaum, 
however,  dealing  with  the  action  of  drugs  on  salivary  secretion,  states 
that  the  secretory  nerve  centres  and  the  peripheral  nerve  terminations  are 
at  first  stimulated,  but  with  a  slightly  higher  dose  depressed. 

Circulation. — The  heart  is  slowed  by  picrotoxin ;  in  frogs  it  stops  in 
diastole.  The  slowing  occurs  before  the  appearance  of  the  spasms,  and 
it  is  increased  by  these.  It  is  diminished  by  section  of  the  vagi,  and  the 
previous  application  of  nicotine  or  atropine.  After  large  doses,  however, 
picrotoxin  acts  directly  on  the  heart  (motor  ganglia,  according  to  Stiihlen), 
and  causes  paralysis.  The  blood  pressure  rises  even  in  curarised  animals, 
and  after  section  of  the  cord,  and  the  rise  is  still  greater  if  the  vagi  are  cut. 

Respiration. — The  respirations  are  generally  increased  in  frequency  at 
first,  especially  in  the  rabbit;  during  the  convulsions  they  usually  cease. 
Death  frequently  results  from  asphyxia,  owing  to  spasm  of  the  respiratory 
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muscles  and  to  paralysis  of  the  respiratory  centre.  The  temperature  rises 
slightly  at  first,  then  falls. 

Secretions. — Upon  secretory  activity  picrotoxin  has  not  a  powerful 
action.  It  stimulates  salivary  secretion  at  first,  and  it  increases  cutaneous 
secretion,  probably  as  an  effect  of  its  convulsive  action ;  in  man  it  is  used 
as  an  anhidrotic.  According  to  Crichton  Browne,  it  produces  a  laxative 
action,  but  this  is  due  more  to  increased  peristalsis  than  to  increased  secre- 
tion. It  is  said  to  be  excreted  in  the  urine. 

Antagonists. — A  number  of  researches  have  been  made  on  the  anta- 
gonism of  other  drugs  and  picrotoxin.  Crichton  Browne  showed  that 
chloralised  rabbits  would  bear  five  times  the  minimal  dose  of  picrotoxin, 
and  Amagat  obtained  recovery  after  eight  times  the  lethal  dose  had  been 
given.  In  the  case  of  cats  the  antagonism  was  not  so  marked.  Butyl- 
chloral  and  morphine  have  also  been  found  to  be  antagonistic  to  picro- 
toxin, but  to  a  less  extent  than  chloral  According  to  the  recent 
observations  of  Guinard  and  Dumarest,  morphine,  however,  is  of  little 
benefit.  It  does  not  prevent  the  convulsive  attacks  nor  diminish  their 
severity.  Apomorphine,  aconitine,  and  physostigmine  have  likewise  no 
antagonistic  effect,  and  anaesthetics,  although  they  will  reduce  the  power 
and  intensity  of  the  convulsions,  are  not  free  from  danger. 

Picrotoxinin  acts  in  every  way  like  picrotoxin,  but  is  nearly  twice  as 
powerful. 

Therapeutics.  —  External.  —  Picrotoxin,  or  cocculus  indicus,  has 
been  applied  in  the  form  of  ointment  in  the  treatment  of  ringworm  and 
porrigo,  and  to  destroy  pediculi. 

Internal. — It  has  been  given  in  nervous  disease  and  in  the  night  sweats 
of  phthisis.  Of  the  former,  various  forms  of  paralysis  (labio-  glosso-pharyn- 
geal,  etc.),  epilepsy,  infantile  convulsions  and  chorea,  have  been  treated  by 
this  drug.  But  in  none  of  them  has  it  proved  of  undoubted  value.  It  has 
even  been  said  that  in  epileptics  it  tends  to  bring  on  attacks  rather  than 
diminish  their  number. 

In  the  night  sweats  of  phthisis  and  other  conditions  it  has  proved  of 
distinct  benefit.  Out  of  twenty  cases  Murrell  only  found  one  in  which  it 
was  ineffectual.  It  is  best  given  at  bedtime  in  doses  of  ^V  gr.  for  adults. 
"  As  a  rule  there  is  no  improvement  the  first  night,  but  on  the  second  night 
the  perspiration  is  less,  and  by  the  fourth  night  it  has  practically  ceased." 
If  the  treatment  is  stopped,  the  symptom  returns  in  ten  to  fourteen  days, 
but  it  soon  yields  again  to  a  renewal  of  the  treatment.  Picrotoxin  does  not 
make  the  skin  dry,  as  is  the  case  with  atropine ;  it  seems  to  induce  only  a 
comfortable  moistness.  The  mixture  used  by  Murrell  was  one  containing 
1  of  picrotoxin  in  240  water.  Martindale  recommends  the  following 
as  keeping  better : — Picrotoxin,  8  grs. ;  glacial  acetic  acid,  4  drms. ;  distilled 
water  to  make  4  oz. — 4  minims  contain  ^  gr.  The  substance  can  also  be 
made  into  pills,  each  containing  ^  gr.,  with  sugar  of  milk,  glycerin,  and 
tragacanth. 

It  might  be  of  value  in  the  treatment  of  chloral  poisoning.  Crichton 
Browne  found  that  in  rabbits,  picrotoxin  would  antagonise  rather  more 
than  a  fatal  dose  of  chloral-hydrate,  but  this  was  not  the  case  in  cats. 
Bokai  has  recommended  it  as  an  antidote  to  morphine,  and  Guinard  and 
Dumarest  think  it  might  prove  useful  in  Graves'  disease. 

The  pharmacopoeial  dose  is  y^-  to  ^5  gr.  The  mode  of  administration 
has  been  mentioned.  The  drug  might  also  be  given  hypodermically. 
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BENZOIC  ACID  AND  BENZOATES. 

BENZOIC  ACID,  BENZOATE  OF  AMMONIUM,  BENZOATE  OF  SODIUM, 
BENZOATE  OF  LITHIUM  AND  BENZOIN. 

BENZOIC  acid  and  benzoates  of  sodium  and  ammonium  (both  B.P.  and 
U.S.P.),  and  benzoate  of  lithium  (U.S.P.)  may  be  considered  together. 
Benzoin  is  decribed  on  p.  654. 

Benzoic  acid  occurs  naturally  in  benzoin  and  other  balsams  (tolu, 
Peru,  storax,  myrrh,  etc.),  in  many  essential  oils  (vanilla,  cinnamon, 
bergamot),  in  castoreuni,  and  a  few  other  products.  Artificially,  it  is 
obtained  by  the  oxidation  of  its  aldehyde  (bitter  almond-oil),  of  all  mon- 
alkyl-benzenes  (toluene,  etc.),  and  of  numerous  other  compounds,  among 
which  may  be  mentioned  casein,  mucin,  and  albumin ;  by  heating  hippuric 
acid  with  acids  or  alkalies;  and  in  many  other  ways.  For  medicinal 
purposes  it  is  obtained  from  benzoin. 

Historical. — Prepared  in  this  way,  benzoic  acid  has  been  known  since 
the  sixteenth  century.  Benzoin  itself  is  first  mentioned  in  the  fourteenth 
century,  and  during  the  fifteenth  century  seems  to  have  been  com- 
paratively largely  exported  to  Western  Asia,  Egypt,  and  Europe.  At  this 
time  it  was  an  expensive  article,  and  it  is  mentioned  chiefly  in  connection 
with  costly  presents.  The  awakening  interest  in  chemistry,  and  the 
tendency  to  subject  crude  products  to  distillation,  soon  led  to  the  isolation 
of  benzoic  acid. 

Pharmacology. — When  applied  in  the  form  of  powder  to  mucous 
membranes,  benzoic  acid  is  decidedly  irritant,  and  if  repeatedly  applied 
produces  inflammation,  and  even  hsemorrhagic  infiltration.  The  fumes 
when  inhaled,  unless  well  diluted,  also  produce  irritation  of  the  bronchial 
mucous  membrane,  and  coughing,  and  on  this  account  it  was  suggested 
that  the  benzoic  acid  in  certain  grasses  was  the  cause  of  hay  fever,  a  view 
which  has  now  been  abandoned.  With  the  exception  of  its  irritant  effect, 
the  action  of  benzoic  acid  is  the  same  as  that  of  the  benzoates. 

Antiseptic  action. — The  most  marked  external  action  of  these  compounds 
is  an  antiseptic  one.  This  was  first  observed  by  Dougall ;  later  by  several 
experimenters.  According  to  de  la  Croix,  benzoic  acid  in  the  strength  of 


PHARMA  COL  O  GY.  649 

1  in  2800  prevents  the  development  of  bacteria  in  broth  ;  1  in  400  kills 
them ;  and  1  in  50  destroys  their  spores.  A  similar  strength  (1  in  50)  is 
mentioned  by  Vallin  as  being  necessary  to  completely  sterilise  germs 
introduced  into  a  suitable  medium.  From  these  and  other  observations  it 
seemed  that  benzoic  acid  as  an  antiseptic  was  somewhat  more  powerful 
than  salicylic  acid,  and  distinctly  more  powerful  than  phenol,  but  it  has  not 
proved  so  valuable  as  these  in  practice.  Sodium  benzoate  is  also  antiseptic. 
Buchholz  maintained  that  it  was  a  stronger  antiseptic  than  the  free  acid. 

The  effect  of  benzoic  acid  and  the  benzoates  on  enzymes  has  been 
determined  by  Wernitz.  He  found  that  1  in  200  of  either  would  prevent 
the  action  of  pepsin;  the  other  ferments  (pancreatiu,  emulsin,  etc.)  were 
still  more  susceptible. 

General  effect. — Taken  internally,  the  benzoates  are  comparatively  in- 
nocuous. The  acid,  on  account  of  its  irritant  action,  is  not  so  well  borne 
as  the  salts,  but  large  doses  are  usually  necessary  to  produce  distinct 
irritation  of  the  alimentary  canal.  Meissner  and  Shepard  saw  6  to  8  grms. 
(92  to  123  grs.)  produce  nausea  and  vomiting,  although  larger  doses  have 
been  given  without  this  effect.  In  two  days  Schreiber  took  15  grms.  (230 
grs.),  and  only  experienced  a  feeling  of  warmth  at  the  stomach.  This 
feeling  gradually  extended  over  the  whole  body,  and  was  accompanied  by 
dizziness,  an  increase  of  thirty  beats  in  the  frequency  of  the  pulse,  an 
increase  of  sweat  and  of  mucous  secretions.  It  has  been  suggested  that 
part  of  these  symptoms  may  have  been  due  to  the  presence  of  other  volatile 
bodies  (oils)  in  the  acid,  but  this  is  not  probable. 

Sodium  benzoate  has  been  given  in  large  doses  with  impunity.  In 
acute  rheumatism,  50  grms.  (770  grs.)  a  day  have  been  administered  with- 
out ill  effects.  When  these  result  there  is  nausea  and  vomiting,  tinnitus 
and  giddiness,  which  quickly  subside  on  discontinuing  the  drug.  Similar 
symptoms  have  been  seen  after  the  use  of  a  solution  of  sodium  benzoate 
as  a  spray  in  pulmonary  affections.  But  here  there  is  also  some  local 
irritation,  burning,  and  pain  about  the  throat,  and  severe  fits  of  coughing. 
Usually  2  to  5  per  cent,  solutions  are  well  borne,  but  in  one  case,  in 
which  large  amounts  of  solution  were  used,  conjunctivitis,  diarrhoea,  and 
strangury  occurred ;  the  fits  of  coughing  were  almost  unbearable,  and 
after  the  acuter  symptoms  had  subsided  a  feeling  of  weakness  remained, 
which  lasted  some  time. 

The  symptoms  produced  in  animals  are  mainly  those  of  gastric  irrita- 
tion and  nervous  depression.  These  are  obtained  in  whatever  way  the 
drug  is  given.  In  frogs,  after  0'2  grms.  sodium  benzoate,  there  are  usually 
muscular  contractions,  sometimes  increasing  to  tetanus,  followed  by  severe 
retching,  and  even  vomiting;  the  vomited  matter  frequently  containing 
blood.  The  respirations  are  increased  in  frequency,  the  heart-beats  are 
unaffected.  The  most  obvious  change  is  in  the  reflexes ;  these  gradually 
diminish,  and  finally  disappear.  But  before  this  occurs  the  respiration 
stops,  so  that  the  animal  appears  lifeless,  the  beating  of  the  heart  alone 
showing  that  it  lives.  Recovery  may  now  occur,  or  with  gradual  failure  of 
the  heart  death  results.  The  loss  of  reflexes  occurs  after  section  of  the 
medulla,  so  that  the  effect  appears  to  be  due  to  an  action  on  the  spinal 
cord.  In  warm-blooded  animals  (rabbits,  cats,  dogs)  the  symptoms  are 
similar.  At  first  there  are  muscular  tremors,  sometimes  convulsions ;  later 
and  more  constantly,  nervous  depression,  which  may  result  in  complete 
loss  of  reflex  action.  The  earliest  symptom  of  this  depression  is  ataxic 
movements  of  the  fore  limbs ;  this  terminates  in  paralysis,  and  extends 
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over  the  whole  body.  As  in  the  case  of  frogs,  the  effect  is  due  in  part  to 
an  action  on  the  spinal  cord.  In  dogs  vomiting  is  constant ;  in  rabbits  it 
does  not  occur ;  but  in  both  animals  erosions  of  and  blood  extravasations 
into  the  mucous  membranes  of  the  stomach  are  found.  The  pulse  and 
respiration  are  unaffected  except  by  intravenous  medication,  when  they  are 
first  increased  and  then  diminished.  The  blood  pressure,  according  to 
Schulte,  is  unaffected  by  small  doses  and  diminished  by  large.  According 
to  the  previous  researches  of  Hoffmann  and  Klebs,  the  blood  pressure 
rises  at  first,  and  the  frequency  of  the  pulse  falls,  an  effect  attributed  to 
stimulation  of  the  vagal  terminations.  The  temperature  falls  markedly. 
Death  occurs  from  respiratory  paralysis,  or,  if  artificial  respiration  is  main- 
tained, from  cardiac  failure.  The  lethal  dose,  according  to  Schulte,  is  2  per 
mille  body- weight  of  animal. 

Liver. — Rutherford  found  benzoic  acid  and  the  benzoates  to  be  power- 
ful hepatic  stimulants.  In  one  experiment,  20  grs.  of  sodium  benzoate 
injected  into  the  duodenum  of  a  fasting  dog,  raised  the  co-efficient  of  bile 
secretion  from  0'223  c.c.  (per  kilo  body-weight  per  hour)  to  0'646  c.c.;  and 
in  another,  ammonium  benzoate  produced  a  similar  effect.  He  therefore 
believed  that  in  combination  with  cholagogue  purgatives  they  would  be  of 
considerable  value  in  hepatic  disease. 

Metabolism. — During  the  administration  of  sodium  benzoate  the 
nitrogenous  constituents  of  the  urine  are  increased,  and  the  body-weight 
falls.  In  man  an  increase  in  weight  has  been  observed,  but  this  was 
probably  an  indirect  effect.  The  influence  on  urea  and  uric  acid  is 
undecided.  Opinions  vary,  especially  as  regards  uric  acid;  while  some 
have  obtained  a  distinct  decrease,  others  have  obtained  an  increase. 

Temperature. — In  animals,  in  rabbits  especially,  temperature  con- 
stantly falls ;  in  men,  with  ordinary  doses,  there  is  usually  no  effect.  But 
in  febrile  conditions  many  physicians  (Kokitansky)  have  observed  a  dis- 
tinct fall.  Others  (Wenzel),  however,  have  obtained  none. 

Eruption. — Occasionally  a  cutaneous  eruption  develops  after  the 
repeated  administration  of  small  doses  of  the  benzoates.  In  one  case  this 
appeared  on  the  fourth  day  as  rose-coloured  irregular  patches  with  papules, 
at  first  on  the  buttocks,  later  on  the  face,  neck,  arms,  and  legs.  After 
cessation  of  the  drug,  the  erythematous  patches  disappeared  in  four  days, 
the  papules  in  ten. 

Excretion. — Of  more  importance  than  these  effects  is  the  transformation 
which  benzoic  acid  undergoes  in  the  body.  According  to  the  dose,  and  to 
conditions  determined  and  undetermined,  it  is  excreted  wholly  or  in  part 
as  hippuric  acid.  This  is  benzoyl-amido  acetic  acid  or  benzoyl-glycocoll 
(or  glycosine),  so  that  in  the  body  a  synthetic  process  takes  place,  benzoic 
acid  combining  with  glycocoll,  and  hippuric  acid  and  water  being  the 
result. 

C6H5.COOH  +  H2N.CH2.COOH  =  C6H5.CO.HN.CH2.COOH  +  H20. 

This  was  the  first  synthesis  known  to  physiological  chemists.  It  was 
observed  by  Wohler,  and  was  further  investigated  by  Ure,  Garrod,  and 
Keller.  Attention  was  then  directed  to  discovering  the  place  of  synthesis. 
Kiihne  and  Hallwachs  localised  it  in  the  liver,  but  later  Meissner  and 
Shepard  showed  that  its  situation  was  probably  in  the  kidney.  This  was 
proved  for  dogs  by  the  researches  of  Bunge  and  Schmiedeberg.  These 
observers  found  that  if  the  kidneys  were  cut  off  from  the  circulation,  no 
appreciable  amount  of  hippuric  acid  was  formed,  whereas  if  the  ureters 
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were  tied  the  production  of  hippuric  acid  was  unaffected.  It  was  also 
found  that  when  defibrinated  blood  containing  sodium  benzoate  alone,  or 
with  glycocoll,  was  perfused  through  the  isolated  kidney,  hippuric  acid  was 
formed.  The  kidney,  therefore,  in  the  dog  appeared  to  be  the  place  of 
formation.  The  next  step  was  to  determine  the  influence  of  individual 
factors.  As  Bunge  and  Schmiedeberg  failed  to  obtain  a  synthesis  of 
benzoic  acid  and  glycocoll  when  defibrinated  blood  was  replaced  by  serum, 
they  were  inclined  to  attribute  to  the  blood  corpuscles  an  important  role ; 
but  probably,  as  Munk  suggested,  their  action  is  only  indirect,  the  de- 
fibrinated blood,  owing  to  its  greater  oxygen-carrying  power,  acting  as  a 
better  nourisher  of  the  cells  than  serum  alone.  That  the  renal  cells  are 
the  real  factors,  was  proved  by  Kochs.  He  showed  that  the  kidney  con- 
taining blood,  when  divided  into  small  pieces,  had  no  appreciable  effect  in 
synthesising  hippuric  acid,  but  if  made  into  a  pulp  the  synthesis  readily 
took  place.  The  liver  and  other  tissues  had  no  distinct  action.  The 
influence  of  the  renal  cells  is  further  shown  by  perfusion  experiments  on 
the  isolated  kidney,  in  which  the  nutrition  of  the  renal  cells  is  affected ; 
thus,  if  oxygen  free  blood,  or  carbonic  oxide  blood,  or  blood  containing 
quinine,  is  used  as  the  perfusion  fluid,  no  formation  of  hippuric  acid 
occurs. 

But  the  kidney  is  not  the  only  place  of  synthesis  in  all  animals.  This 
was  noticed  for  frogs  by  Bunge  and  Schmiedeberg,  and  it  has  been  observed 
in  rabbits  by  Salomon.  After  excision  of  the  kidneys  in  these  animals, 
evidence  of  hippuric  acid  in  the  blood  was  still  obtained,  so  that  in  these 
other  tissues,  probably  the  liver  and  muscles  are  concerned  in  its  pro- 
duction. 

In  birds,  benzoic  acid  is  excreted  as  ornithuric  acid.  •  Instead  of  with 
glycocoll  it  combines  with  another  amido-acid,  ornithin  (probably  diamido- 
valerianic  acid). 

The  amount  of  benzoic  acid  excreted  as  hippuric  is  variable.  Usually 
the  whole  is  so  excreted,  but  sometimes  in  rabbits  no  transformation 
occurs.  In  parenchymatous  nephritis  and  in  amyloid  kidney  the  benzoates 
are  excreted  as  such — a  fact  supporting  the  renal  origin  of  the  hippuric 
acid  synthesis — and  during  the  presence  of  fever  the  transformation  to 
hippuric  acid  is  markedly  diminished.  The  exact  conditions  determining 
the  conversion  to  hippuric  acid  are  not  yet  known.  After  large  doses  and 
after  intravenous  medication,  a  considerable  amount  of  benzoic  acid  is 
excreted  unchanged ;  with  small  does  and  under  normal  conditions  the 
conversion  as  a  rule  is  probably  almost  quantitative. 

Other  substances  which  have  been  found  in  the  urine  after  the 
administration  of  benzoic  acid  are  a  reducing  substance,  and  possibly 
succinic,  or  more  probably  phthalic  acid.  The  reducing  property  of  the 
urine  was  first  noticed  by  Salkowski  in  animals ;  it  has  also  been  observed 
in  man.  Schulte  regards  it  as  a  result  of  intoxication,  as  in  the  case  of 
nitroglycerin,  carbonic  oxide,  and  other  forms  of  poisoning.  He  found 
that  when  symptoms  of  intoxication  appeared,  the  urine  possessed  reduc- 
ing powers ;  if  these  were  absent,  the  urine  had  no  reducing  action.  He 
does  not  believe  that  it  can  occur  after  repeated  medicinal  doses.  The 
cause  of  the  reducing  action  is  probably  the  presence  of  glycuronic  acid, 
or  some  compound  of  this. 

The  acidity  of  the  urine  is  increased  by  the  administration  of  benzoic 
acid.  This  is  accounted  for  by  the  fact  that  it  increases  the  acid 
equivalents  of  the  urine.  It  is  probably  excreted  solely  as  salts  (hip- 
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purates  and  benzoates)  itself,  but  in  this  way  it  combines  with  part  of  the 
bases  of  the  urine,  and  thus  increases  the  amount  of  acid  salts.  In 
ammoniacal  conditions  of  the  urine  the  hippuric  acid  combines  with  part 
of  the  ammonia  forming  ammonium  hippurate,  and  thus  diminishes  the 
tendency  to  the  formation  of  triple  phosphate.  During  its  excretion  by 
the  kidney  benxoic  acid  stimulates  slightly  the  renal  cells  and  acts  as  a 
mild  diuretic. 

Benzoates  are  also  said  to  be  excreted  by  the  sweat  and  saliva. 
According  to  Meissner,  they  occur  in  the  sweat  as  hippurates ;  according 
to  Schottin,  as  benzoates.  Hoffmann  denies  that  they  occur  at  all.  After 
the  use  of  a  spray  of  solution  of  sodium  benzoate,  Fritsche  noticed  a 
benzoin-like  smell  of  the  skin,  which,  according  to  Schulte,  who  made  a 
similar  observation,  must  be  due  to  the  presence  of  aromatic  oils,  as 
sodium  beuzoate  when  pure  is  odourless.  In  the  saliva  benzoates  have 
only  been  obtained  after  intravenous  injection  and  the  use  of  pilocarpine 
in  animals;  in  man  they  have  not  been  obtained.  Benzoic  acid  is  also 
probably  excreted  to  a  slight  extent  by  the  bronchial  mucous  membrane. 
It  seems  to  stimulate  this,  and  thus  acts  as  a  mild  expectorant. 

Therapeutics. — Twenty  years  ago,  benzoic  acid  and  the  benzoates 
were  largely  employed ;  at  the  present  day  they  are  used  but  little.  Ex- 
perimental investigations  had  led  physicians  to  hope  that  non- toxic  and 
valuable  antiseptics  had  been  discovered,  and  simple  means  of  modifying 
metabolism  and  urinary  secretion  found.  In  many  diseases  they  were 
tried  purely  empirically ;  but  in  all  the  results  obtained  were  inconstant. 
In  the  main  they  may  be  said  to  have  been  used  externally  as  mild 
stimulating  applications  and  as  antiseptics ;  internally,  as  antiseptics, 
antipyretics,  expectorants,  hepatic  stimulants,  acidifiers  of  the  urine,  and 
as  remedies  in  certain  constitutional  diseases  such  as  gout. 

External. — On  account  of  its  antiseptic  action,  benzoic  acid  was  em- 
ployed in  the  treatment  of  wounds ;  but  although  it  was  found  sufficiently 
powerful  for  wounds  of  a  superficial  and  circumscribed  character,  it  was 
incapable  of  preventing  the  decomposition  of  discharges  in  deep  wounds 
after  severe  operations.  The  compound  tincture  of  benzoin  (B.P.  and 
U.S.P.),  commonly  known  as  Friar's  balsam,  was  usually  employed  (see 
p.  654).  The  acid  and  its  sodium  salt  have  been  employed  in  skin  diseases, 
but  not  to  a  large  extent. 

Internal. — As  an  antiseptic,  sodium  benzoate  has  mainly  been  used  in 
the  form  of  a  spray  in  respiratory  diseases  and  diphtheria.  Schuller  found 
that  a  tracheotomised  rabbit  infected  with  tubercle,  when  made  to  inhale 
6  to  20  grms.  of  a  5  per  cent,  solution  of  sodium  benzoate,  recovered, 
while  a  control  animal  died ;  and  Rokitansky  introduced  a  similar  mode  of 
treatment  into  practice.  Good  results  were  obtained  in  phthisis  both 
by  him  and  other  physicians,  but  many  failed  to  obtain  any  beneficial 
effect,  and  now  the  treatment  is  rarely  if  ever  employed.  In  the  treat- 
ment of  diphtheria  also,  sodium  benzoate  is  now  rarely  used.  Brown 
first  stated  that  the  symptoms  of  this  disease  could  be  delayed  by  the 
previous  hypodermic  injection  of  sodium  benzoate,  and  in  practice  it  was 
found  by  many  that  local  and  general  treatment  with  sodium  benzoate 
distinctly  influenced  and  curtailed  the  course  of  the  disease.  But  this 
was  not  constant,  and  as  it  was  stated  that  no  lowering  of  death-rate 
occurred  under  this  treatment,  it,  too,  fell  into  disuse.  The  spray  has  also 
been  used  in  aphonia  and  bronchial  catarrh,  but  with  doubtful  benefit. 

As  an  antipyretic,  benzoate  of  sodium  has  been  given  in  pneumonia, 
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in  intermittent  and  other  fevers,  but  with  equivocal  results.  As  previously 
stated,  a  distinct  fall  of  temperature  was  obtained  by  some  ;  by  others,  no 
effect  whatever.  In  acute  rheumatism,  Senator  maintained  that  if  given 
in  sufficient  doses  it  acts  like  sodium  salicylate,  and  in  some  cases  even 
better  than  this :  it  has  fewer  ill-effects  and  less  influence  on  the  heart. 
But  this  is  not  the  experience  of  the  majority,  and  as  far  as  we  know  it  is 
not  now  used.  In  puerperal  and  septic  fevers  and  erysipelas,  sodium 
beii/oate  has  been  given  internally.  The  specific  germ  was  thought  to  be 
iillbcted,  but  this  is  not  the  case. 

As  expectorants,  benzoic  acid  and  its  salts  are  not  frequently  employed. 
The  acid  is  an  ingredient  of  the  Compound  Tincture  of  Camphor  (B.P.),  the 
Ammoniated  Tincture  of  Opium  (B.P.),  and  the  Camphorated  Tincture  of 
Opium  (U.S.P.),  and  it  is  most  frequently  used  in  bronchial  affections  in 
these  combinations,  but  sometimes  the  Tinctura  Benzoini  (U.S.P.)  or  the 
Trochici  Acidi  Benzoici  (B.P.)  are  employed. 

As  hepatic  stimulants  also,  the  benzoates  are  rarely  used.  The 
predictions  of  Eutherford  have  not  been  fulfilled.  It  is  said  by  some 
to  be  beneficial  in  jaundice  after  the  acute  symptoms  have  subsided,  but 
there  is  no  unanimity  on  this  point.  The  truth  is  that  we  can  modify 
the  functions  of  the  liver  much  better  indirectly  than  directly,  so  that  if 
sodium  benzoate  were  all  that  Kutherford  claimed  for  it,  it  is  doubtful  if  it 
would  be  of  much  use. 

The  chief  value  of  the  benzoic  compounds  is  in  diseases  accompanying 
disordered  conditions  of  the  urine.  The  alkalinity  of  an  ammoniacal  urine 
is  quickly  diminished  by  the  administration  of  benzoates,  and  the  cystitis 
is  improved.  As  previously  mentioned,  the  hippuric  acid  which  is  formed 
combines  with  ammonia  to  form  ammonium  hippurate,  and  less  triple 
phosphate  in  consequence  results.  As  the  urine  is  increased  in  acidity 
by  the  exhibition  of  these  drugs,  they  are  also  of  use  in  phosphaturia  and 
in  vesical  calculi ;  but  too  much  must  not  be  expected  from  them  in 
this  direction.  The  benzoates  of  ammonium  or  sodium  are  the  best 
compounds  to  use,  as  they  are  easily  soluble  in  water.  Either  may  be 
given  in  doses  of  10  to  30  grs.  or  more,  and  they  are  often  combined 
with  hyoscyamus.  In  gonorrhoea  they  have  been  recommended,  and  on 
account  of  the  slightly  stimulating  and  mildly  antiseptic  effects  of  the 
drugs  are  doubtless  of  value.  They  have  also  been  recommended  in 
uraemia,  mainly  in  view  of  a  theory  now  known  to  be  erroneous,  but  are 
quite  useless.  In  Bright's  disease  benzoic  acid  has  been  found  to  diminish 
the  albumin,  but  this  matter  needs  further  investigation. 

The  discovery  that  sodium  benzoate  diminished  the  excretion  of  uric 
acid  was  followed  by  its  use  in  gout.  And  here,  as  in  the  case  of  uric 
acid  excretion,  differences  of  opinion  regarding  its  value  exist.  Garrod 
found  it  beneficial ;  Golding-Bird  not ;  Duckworth  thinks  it  is  sometimes 
of  use.  Probably  its  value  is  very  small,  if  it  possesses  any  at  all. 
Lastly,  benzoates  have  been  employed  in  diseases  of  the  alimentary  canal, 
especially  in  the  intestinal  catarrh  of  children.  Here  they  ought  to  be 
beneficial.  They  are  non-irritating,  slightly  antiseptic,  and  non-poisonous  ; 
nevertheless  there  are  other  gastric  and  intestinal  antiseptics  which  we 
believe  act  better. 

On  the  whole,  the  therapeutic  uses  of  benzoic  acid  and  the  benzoates 
are  few.  They  may  almost  be  confined  to  diseases  of  the  urinary  tract. 
In  other  conditions  they  are  either  useless  or  they  may  easily  be  replaced 
by  other  and  better  remedies. 
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BENZOIN. 

(B.P.    AND   U.S. P.) 

Benzoin  or  Benzoinum  is  "a  balsamic  resin  obtained  from  Styrax 
benzoin  anil  probably  other  species  of  Styrax."  When  six  to  seven  years 
old  the  bark  of  the  tree  is  incised  or  hacked,  and  the  liquid  benzoin,  which 
exudes  or  collects  beneath  the  bark,  is  allowed  to  solidify  by  exposure 
to  the  air.  It  is  brittle,  but  softens  readily  when  warmed,  and  when 
further  heated  yields  fumes  of  benzoic  acid.  It  has  an  agreeable  odour, 
recalling  that  of  vanilla  in  the  case  of  Siam  benzoin,  and  of  storax  in  the 
case  of  Sumatra  benzoin.  The  Siam  variety  changes  slightly  on  keeping, 
the  translucent  reddish  brown  intervening  substance  increasing  at  the 
expense  of  the  tears. 

Composition. — The  Siam  variety  is  mainly  composed  of  benzo-resinol 
and  sia-resino-tannol  in  combination  with  benzoic  acid ;  free  benzoic  acid ; 
a  small  amount  (O'lo  per  cent.)  of  vanillin,  which  gives  it  its  characteristic 
odour ;  and  an  aromatic  oily  liquid  (0'3  per  cent.)  believed  to  be  a  benzoic 
ester.  It  contains  no  cinnamic  acid.  The  amount  of  combined  and  free 
benzoic  acid  is  about  38  per  cent. 

The  Sumatra  variety  contains  benzo-resinol  and  resino-tannol  (a  com- 
pound similar  to  sia-resino-tannol),  combined  with  benzoic  and  cinnamic 
acids  ;  and  free  benzoic  and  cinnamic  acids.  The  total  amount  of  benzoic 
acid  is  about  18  per  cent.;  of  cinnamic  acid  about  20  per  cent.  There 
are  also  traces  of  benzaldehyde,  benzene,  vanillin  (1  per  cent.),  phenyl- 
propyl-cinnamate,  styrol,  and  styracin. 

Pharmacology  and  therapeutics. — The  action  of  benzoin  is 
similar  to  that  of  benzoic  acid.  It  has  mainly  been  used  as  an  antiseptic 
and  expectorant,  especially  in  the  form  of  the  compound  tincture.  The 
aromatic  ingredients  of  the  resin  probably  intensify  the  action  of  the  acid, 
and  the  alcohol  of  the  tincture  also  increases  its  antiseptic  power.  This 
preparation  in  a  more  or  less  modified  form  has  been  known  for  centuries. 
It  was  used  by  the  friars  (hence  its  name,  Friar's  balsam)  in  the  treatment 
of  wounds  and  in  disease,  but  it  -is  not  now  frequently  employed.  Many 
years  ago,  Bryant  showed  that,  as  regards  the  treatment  of  wounds,  good 
results  could  be  got  from  its  use.  The  treatment,  indeed,  is  an  antiseptic 
treatment,  and  as  such  is  comparable  to  other  methods  in  use.  The 
tincture  is  usually  applied  undiluted  on  lint.  At  first  there  is  pain  and 
smarting,  an  effect  mainly  due  to  the  alcohol,  but  this  soon  subsides.  On 
account  of  its  irritant  action  it  is  not  to  be  recommended  in  perfectly 
healthy  wounds,  except  for  small  cuts  and  bruises,  but  in  unhealthy 
wounds  this  preliminary  effect  is  often  of  value;  it  tends  to  stimulate 
tissue  growth  and  hasten  healing.  It  has  proved  of  use  in  the  treatment 
of  chilblains,  cracked  nipples,  fissure  of  the  anus,  and  similar  conditions, 
and  it  has  been  employed  with  success  in  scabies  and  other  parasitic 
skin  diseases  and  urticaria. 

As  an  inhalation  the  tincture  has  been  largely  used  in  bronchial  and 
laryngeal  affections.  From  1  fluid  drm.  to  1  oz.  (usually  2  to  4  drms.) 
are  added  to  a  pint  of  hot  water  and  the  vapour  inhaled.  It  acts  as  a 
mild  antiseptic  and  stimulant  to  the  mucous  membrane,  and  diminishes 
excessive  secretion  and  putridity  if  this  is  present.  It  has  been  used  in 
chronic  bronchitis  and  bronchiectasis  with  foetid  sputum,  in  tracheitis,  and 
certain  inflammatory  conditions  of  the  larynx. 
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In  chronic  diarrhoea  and  dysentery,  and  in  some  urinary  disorders, 
e.g.  cystitis  and  gonorrhoea,  it  has  also  been  employed.  And  to  a  slight 
extent  it  undoubtedly  acts  as  an  intestinal  astringent  and  diuretic,  and 
as  an  intestinal  and  urinary  antiseptic ;  but  we  have  better  remedies  in 
use  for  these  purposes,  and  it  is  not  frequently  employed. 

As  a  preservative  it  is  used  to  keep  lard  for  external  use,  as  in  the 
benzoated  lard  of  the  Pharmacopoeias  (B.P.  and  U.S.P.). 
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MUSK. 

(B.P.    AND   U.S.P.) 

MUSK,  or  Moschus,  is  the  dried  secretion  from  the  pneputial  follicles  of  the 
musk  deer  (Moschus  moschiferus),  and  its  composition  is  unknown. 

Musk  is  first  mentioned  in  European  literature  by  Aetius,  a  Greek 
physician  of  the  sixth  century,  but  it  does  not  appear  to  have  been  used  in 
Western  Europe  until  after  the  wars  of  the  Crusades.  Then  it  came  into 
use  as  a  medicine,  and  during  the  last  few  centuries  it  has  been  comparat- 
ively largely  prescribed,  although  latterly  it  has  been  almost  discarded. 

Pharmacology. — Experimental  investigations  have  given  very  diverse 
results.  Jorg,  after  giving  from  2  to  1 5  grs.  to  healthy  men,  observed  eructa- 
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tions,  a  sense  of  heaviness  at  the  epigastrium,  dryness  in  the  pharynx,  heavi- 
ness of  the  head,  dizziness,  and  headache.  Afterwards  there  was  muscular 
weakness,  somnolence,  deep  and  prolonged  sleep,  and  some  exhaustion.  There 
was  no  distinct  sweating,  and  the  excretions  did  not  smell  of  musk.  The 
main  action,  according  to  him,  is  upon  the  nervous  system,  but  the  effect  is 
not  very  marked,  as  10  grs.  taken  by  himself  seem  to  have  produced  very  few 
symptoms  beyond  headache.  In  nervous  individuals,  however,  trembling 
was  noticed,  and,  after  large  doses,  even  convulsions.  The  pulse  was  found  to 
be  more  frequent  and  fuller,  and  on  this  account  the  activity  of  the  circulation 
was  thought  to  be  increased.  He  recommended  it  as  a  general  stimulant, 
except  in  cases  of  compression  by  depressed  fracture,  or  increased  blood 
supply  to  the  brain.  Goppert  next  investigated  the  action  of  musk  on 
plant  life.  Even  in  concentrated  solutions  he  found  it  exerted  no  influence 
on  seeds  or  the  growth  of  bulbs  or  roots. 

Tiedemann  sometime  afterwards  experimented  on  animals.  Intra- 
venous injection  of  0'3  grm.  in  3'7  gnus,  of  water  in  a  dachshund  produced 
immediate  restlessness,  and  quicker  and  deeper  breathing.  This  was  soon 
followed  by  stupefaction  and  a  kind  of  catalepsy.  Afterwards  the  stupe- 
faction increased,  slight  tetanic  contractions  developed,  a  blood-stained 
fluid  motion  was  passed,  and  with  gradually  diminishing  respiration  and 
pulse  the  animal  died  in  twelve  hours.  Similar  results  were  obtained  on 
other  animals.  But  as  the  musk  was  given  partly  in  suspension,  these  ex- 
periments are  valueless.  Most,  if  not  all,  of  the  symptoms  were  due  to  the 
occurrence  of  emboli  in  the  pulmonary  and  other  vessels. 

Filehne  tried  to  isolate  the  active  principle.  He  extracted  musk  with 
ether,  alcohol,  dilute  acid,  and  dilute  alkali  successively,  and  afterwards 
evaporated  off  the  ether  and  alcohol,  and  neutralised  the  acid  and  alkali 
extracts.  The  ethereal  extract  possessed  the  most  powerful  odour,  but  this 
and  the  alkaline  extract  were  inactive.  The  alcohol  and  acid  extracts,  in 
doses  corresponding  to  0'05  to  O'l  grm.  musk,  produced  in  frogs  mainly 
muscular  tremors.  These  were  more  or  less  limited  at  one  time  to 
segments  of  a  muscle  or  muscle  group.  They  were  not  diminished  by 
section  of  the  nerve ;  but  occlusion  of  the  artery  or  the  injection  of  curara 
completely  inhibited  them.  The  muscular  movements  of  the  animal  were 
completely  under  voluntary  control.  From  these  experiments  Filehne 
deduces  that  musk  acts  on  the  fine  extra-muscular  nerve  fibres. 

In  the  frog  there  was  no  noticeable  change  in  the  action  of  the  heart, 
although  a  distinct  effect  is  said  to  occur  in  mammals.  Hermans,  how- 
ever, obtained  no  such  action.  In  a  number  of  researches  on  blood  pressure 
and  respiratory  activity,  no  effect,  at  least  no  stimulating  effect,  was 
evident.  Similarly  in  man  no  change  in  the  pulse  curve  was  observed. 
Hermans  consequently  denies  to  musk  any  stimulating  effect  on  the  circu- 
lation or  respiration.  Furthermore,  on  repeating  Jorg's  (with  filtered  musk 
solution)  and  Filehne's  experiments,  he  obtained  no  distinct  action.  In 
criticising  these  experiments,  we  must  remember  the  uncertain  composition 
owing  to  adulteration  of  most  of  the  musk  on  the  market.  But,  from  an 
a  priori  point  of  view,  there  is  no  reason  to  believe  that  musk  possesses 
the  powerful  stimulant  action  which  has  been  attributed  to  it.  It  may 
possess  some  reflex  effects,  and  thus  give  rise  to  slight  stimulation.  But  its 
use  in  medicine  has  been  almost  purely  empirical.  It  was  probably  thought 
that  a  drug  possessing  so  powerful  an  odour  could  not  but  possess  a  marked 
physiological  action,  a  supposition  which  has  not  been  borne  out  by  experi- 
ment. On  the  whole,  there  seems  to  be  but  little  need  for  this  drug  in 
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medicine ;  and  probably  considering  its  high  price,  it  is  often  not  given  in 
the  official  dose. 

Trousseau  and  Pidoux  attribute  to  it  aphrodisiac  effects,  and  in  the 
female  it  is  said  occasionally  to  provoke  the  catamenial  discharge.  Dia- 
phoretic and  diuretic  effects  have  also  been  described,  but  these  are  not 
constant.  It  has  also  been  said  to  produce  an  anodyne  action.  The  odorous 
principle  of  musk  is  undoubtedly  absorbed,  and,  according  to  Barbier,  and 
Trousseau  and  Pidoux,  it  is  excreted  as  such,  as  it  can  be  detected  by  the 
smell  in  the  various  excretions.  Jorg,  however,  failed  to  detect  any  in 
excreted  matters. 

Therapeutics. — Musk  has  mainly  been  administered  as  an  anti- 
spasmodic  in  spasmodic  affections  such  as  hiccough,  laryngismus  stridulus, 
whooping-cough,  chorea,  and  as  a  stimulant  in  asthenic  conditions,  especially 
in  pneumonia,  delirium  tremens,  and  low  forms  of  typhoid,  typhus,  and 
other  fevers.  At  present  it  is  most  often  prescribed  for  the  extreme 
weakness  which  follows  protracted  typhoid  fever,  and  some  believe  that  it 
is  of  benefit.  It  has  also  been  given  as  a  hypnotic  in  the  wakefulness  of 
fatigue,  as  a  sedative  in  tetanus,  hysterical  convulsions,  and  epilepsy,  as  an 
anodyne  in  acute  rheumatism,  and  applied  in  the  form  of  plasters  as  a 
local  sedative  in  sprains  and  muscular  rheumatism.  But  it  is  doubtful 
what  influence  it  exerts.  Cullen  said  that  "  musk  (when  genuine)  is  one 
of  the  most  powerful  antispasmodics  that  we  are  acquainted  with."  Un- 
fortunately we  cannot  be  sure  of  its  purity,  so,  as  previously  stated,  it  seems 
to  be  a  superfluity  in  medicine. 

The  pharmacopoaial  dose  is  5  to  10  grs.  It  is  best  given  solid  in  pill 
form  by  the  mouth,  or  suspended  in  mucilage  by  the  rectum.  In  the 
United  States  Pharmacopoeia  there  is  a  Tinctura  Moschi.  The  dose  is  from 
\  to  2  fluid  drms. 
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COLCHICUM. 

(B.P.    AND   U.S. P.) 

THE  meadow  saffron  or  autumn  crocus,  Colchicum  autumnalc,  a  member 
of  the  natural  order  Melanthacece,  contains  an  active  principle  which  is 
present  in  all  parts  of  the  plant,  but  the  corm  and  seeds  are,  at  the  present 
day,  alone  used  for  medicinal  purposes. 

The  powdered  corm  is  given  in  doses  of  from  2  to  5  grs.,  and  from  the 
corm  two  British  pharmacopoeial  preparations  are  made,  namely,  Extractum 
Colchici,  the  dose  of  which  is  £  to  1  gr.,  and  Vinum  Colchici  (dose,  10  to 
42 
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30  minims).  From  the  seeds  the  tincture  is  prepared,  which  is  given  in 
doses  of  5  to  10  minims.  The  United  States  Pharmacopoeia  has  an 
extract,  a  tiuid  extract,  and  a  vinum  from  the  root ;  and  an  extract,  a  fluid 
extract,  and  a  vinum  from  the  seeds. 

Pharmacology. — The  active  principle,  the  alkaloid  colchicine,  is  not 
official,  and  has  hitherto  been  very  little  employed  in  medicine.  It  was 
isolated  as  long  ago  as  the  year  1820  by  Pelletier  and  Caventou,  but  was 
first  prepared  in  a  crystalline  form  by  Houdes  and  Zeisel  in  1887.  It  is 
readily  changed  by  mineral  acids,  with  the  formation  of  a  resinous  substance 
and  a  crystalline  derivative  known  as  colchicein. 

The  various  observers  who  have  studied  the  action  of  colchicine  appear 
to  have  used  products  of  unequal  purity,  as  is  shown  by  the  wide  differ- 
ences in  their  lethal  doses  for  animals.  The  following  account  is  mainly 
derived  from  the  researches  of  Jacobi,  which  are  the  most  recent,  and  were 
carried  out  with  pure  crystalline  colchicine.  In  the  main,  his  results  con- 
firm those  of  earlier  observers. 

When  colchicine  is  administered  to  animals  by  injection,  a  latent 
period  follows,  which  varies  with  the  dose,  but  usually  extends  over  one 
or  two  hours.  Then  follow  vomiting  and  diarrhoea,  and  gradually 
increasing  motor  paralysis,  together  with  impairment  of  peripheral  sensa- 
tion. Death  is  preceded  by  rapidly  diminishing  frequency  of  respiration ; 
convulsions  are  as  a  rule  wanting.  The  heart's  action  persists  after 
respiration  has  been  arrested.  Indeed,  as  Kossbach  and  Paschkis  main- 
tained, the  animal  does  not  succumb  to  cardiac  failure ;  and  experiments 
with  the  isolated  frog's  heart  showed  that  a  4  per  cent,  solution  of 
colchicine  has  no  marked  effect  upon  the  frequency,  volume,  or  force  of  the 
beat.  The  earliest  observed  effect  upon  the  nervous  system  is  peripheral 
sensory  paralysis,  such  as  was  observed  by  Albers  and  Paschkis;  this  is 
followed  by  a  motor  and  reflex  ascending  paralysis  of  the  spinal  cord, 
which  spreads  to  the  medulla  and  ultimately  reaches  the  respiratory 
centre.  This  explains  the  decreasing  frequency  of  respiration,  which  is 
a  conspicuous  phenomenon  of  the  later  stages  of  colchicine  poisoning. 
Jacobi  found  that  for  a  considerable  time  the  slowing  was  compensated 
for  by  an  increased  depth  of  respiration,  so  that  the  amount  of  air  breathed 
remained  unaltered.  Upon  the  voluntary  muscles  colchicine  exerts  an 
action  closely  resembling  that  of  veratrine. 

The  very  conspicuous  action  of  colchicine  upon  the  alimentary  canal, 
which  is  manifested  in  diarrhoea  and  vomiting,  is  equally  observed  whether 
the  poison  is  administered  by  the  mouth,  or  is  injected  into  the  circulation. 
Kossbach  showed  that  it  is  not  due  to  the  action  of  colchicine  upon  the 
pneurnogastric  or  splanchnic  nerves,  and  further  that  no  direct  paralytic 
action  is  exerted  upon  the  muscular  coats  of  the  intestinal  blood  vessels. 
Jacobi  attributes  the  observed  phenomena  to  exalted  irritability  of  the 
nerve  structures  in  the  intestinal  wall,  owing  to  which  substances  coming 
in  contact  with  the  intestinal  mucous  membrane  excite  undue  peristalsis. 
That  the  increased  peristalsis  cannot  be  attributed  to  direct  stimulation  of 
the  muscular  coat  of  the  intestine,  was  shown  by  the  fact  that  it  was 
arrested  by  the  injection  of  atropine. 

Of  special  interest  are  Jacobi's  observations  upon  the  unequal  effects  of 
pure  crystalline  colchicine  upon  warm-blooded  and  cold-blooded  animals 
respectively.  Whereas  doses  of  1  to  3  grms.  per  kilo  of  body  weight  prove 
fatal  to  warm-blooded  animals,  frogs  bear  relatively  very  large  doses  with- 
out manifesting  toxic  symptoms.  If,  on  the  other  hand,  the  colchicine 
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used  be  impure,  or  has  acquired  a  brown  tint  by  long  keeping  and 
exposure  to  air,  active  symptoms  are  produced  in  frogs  by  much  smaller 
doses.  From  such  impure  specimens  he  prepared  a  brown  resinous  sub- 
st;ince,  which  apparently  consisted  of  two  molecules  of  colchicine  linked 
together  by  an  atom  of  oxygen,  and  to  which  he  gave  the  name  of  oxydi- 
colchicine.  This  substance  can  also  be  extracted  from  colchicum  seeds,  and 
it  gives  the  chemical  reaction  of  colchicine.  Jacobi  regards  colchicine 
itself  as  inert,  whereas  the  toxic  symptoms  are  produced  by  the  oxidation 
product ;  and  he  attributes  the  toxic  effect  of  pure  colchicine  upon  warm- 
blooded animals  to  its  conversion  into  oxydicolchicine  in  the  circulation. 

It  is  a  remarkable  fact,  that  whereas  in  experiments  upon  animals  with 
colrhicine  the  effect  of  the  drug  upon  the  heart  is  but  little  marked, 
clinical  experience  shows  that  colchicum  tends  to  act  as  a  cardiac  depress- 
ant, slowing  the  pulse  and  imparting  to  it  a  very  soft  character  ;  nor  would 
it  seem  that  this  effect  can  be  regarded  as  wholly  secondary  to  the  action 
of  the  drug  upon  the  alimentary  canal. 

A  series  of  observations  of  the  effects  of  colchicum  upon  eight  healthy 
young  men  was  recently  published  by  Hugo  Schulz.  The  results 
obtained  were  remarkable,  in  that  decidedly  unpleasant  effects  were 
produced  by  doses  far  smaller  than  are  every  day  employed  in  this  country 
in  the  treatment  of  gouty  patients,  and  from  which  we  are  not  accustomed 
to  expect  any  marked  physiological  effects.  The  preparation  employed 
was  the  German  official  tincture,  diluted  with  pure  spirit  in  the  proportion 
of  1-10.  The  initial  daily  dose  was  20  minims,  corresponding  to  2  minims 
of  the  official  tincture ;  later,  the  dose  was  increased,  usually  to  40  minims 
daily,  and  the  largest  total  quantity  taken  in  the  course  of  a  month 
corresponded  to  3'6  grms.  of  the  official  tincture.  In  the  preparation  of 
this  tincture  one  part  of  powdered  colchicum  seeds  and  10  parts  of  dilute 
spirit  are  employed.  In  spite  of  the  minute  doses  given,  well-marked 
symptoms  were  observed  in  almost  every  case,  including  headache,  diuresis, 
colic,  diarrhcea,  tenderness  of  and  bleeding  from  the  gums,  palpitation, 
accelerated  pulse  rate,  and  articular  and  muscular  pains. 

The  occurrence  of  articular  pains  after  the  use  of  colchicum  has  been 
described  by  earlier  observers,  and  Mairet  and  Combemale  observed  con- 
gestion of  the  bone  marrow  and  articular  surfaces  in  animals  poisoned  with 
colchicine.  This  latter  result  Hugo  Schulz  failed  to  obtain  on  repeating 
their  experiments. 

The  effect  of  colchicum  upon  the  urinary  excretion  is  a  matter  of  great 
interest,  but  unfortunately  the  results  obtained  are  conflicting  and  do  not 
allow  a  definite  conclusion  to  be  drawn,  at  any  rate  as  regards  the  output 
of  uric  acid.  The  earlier  observations  upon  this  point  were  carried  out 
with  methods  of  estimation  which  are  now  discredited,  but  wide  discrep- 
ancies are  shown  by  results  obtained  by  modern  methods.  Noel  Paton 
found  that,  when  given  in  medium  doses,  colchicum  caused  a  moderate 
increase  of  urinary  water  and  urea,  and  a  much  more  conspicuous  increase 
of  uric  acid.  As  no  great  fall  below  the  normal  daily  excretion  followed 
when  the  drug  was  stopped,  he  attributed  the  increased  output  of  uric  acid 
to  excessive  formation  rather  than  to  the  excretion  of  uric  acid  which  had 
been  stored  up  in  the  body.  J.  Fawcett  was  unable  to  detect  any  marked 
effect  upon  uric  acid  excretion  when  colchicum  was  administered  to  gouty 
patients.  Luff  observed  a  diminished  excretion.  In  small  doses  colchicum 
acts  as  a  diuretic,  but  when  large  doses,  such  as  cause  diarrhrea,  are 
given,  the  amount  of  urine  excreted  is  naturally  diminished.  Euther- 
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ford   showed  that  colchicum  acts  as  a  powerful  hepatic  stimulant  ;m<l 
cholagogue. 

Toxicology. — Numerous  cases  of  poisoning  of  human  beings  by  col- 
chicum have  been  recorded.  In  some  instances  the  seeds  of  the  plant  have, 
been  eaten  by  children ;  in  others  the  poison  has  been  introduced  in  the 
milk  of  animals  which  have  eaten  meadow  saffron.  In  some  cases  beer 
adulterated  with  colchicum  has  been  the  vehicle ;  and  in  a  set  of  cases 
recorded  by  Major,  the  symptoms  were  manifested  by  several  persons  who 
had  stolen  a  quantity  of  colchicum  wine  prepared  from  the  seeds.  Several 
hours  usually  elapse  before  the  onset  of  the  symptoms,  among  the  earliest 
of  which  are  a  burning  taste  in  the  mouth,  and  salivation.  Vomiting, 
diarrhoea,  and  severe  abdominal  pain,  with  tenesmus  and  the  passage  of 
slimy  stools  containing  blood,  bear  witness  to  the  intensity  of  the  gastro- 
intestinal disturbance.  Among  other  symptoms  met  with  are  pains  in  the 
limbs,  muscular  weakness,  and  tonic  and  clonic  spasms ;  the  pupils  are  not 
infrequently  dilated.  Cardiac  failure  and  soft  irregular  pulse  are  usually 
present ;  and  slowing  of  respiration,  followed  by  death  in  collapse,  close 
the  scene.  In  some  cases  the  mental  faculties  are  unimpaired,  but  speech 
derangements  and  coma  may  be  observed,  v.  Jaksch  mentions  the 
occasional  development  of  a  scarlatiniform  rash.  The  chief  morbid  ap- 
pearances found  post  mortem  are  injection  of  and  haemorrhages  into  the 
gastric  and  intestinal  walls. 

Therapeutics. — The  therapeutic  use  of  Colchicum  autumnalc  dates 
from  the  latter  part  of  the  eighteenth  century,  it  having  been  introduced 
by  Stork  in  1763.  However,  there  is  reason  to  believe  that  the  drug 
known  as  hermodactyl,  which  was  first  mentioned  by  Alexander  of  Tralles 
about  A.D.  580,  was  obtained  from  the  corrn  of  some  plant  of  the  same  genus. 

At  the  present  day,  colchicum  is  almost  exclusively  employed  in  the 
treatment  of  gout ;  and  upon  the  acute  manifestations  of  this  disease  it 
exerts  an  action  so  much  greater  than  upon  any  other  inflammatory  con- 
ditions, that  it  may  fairly  be  described  as  specific.  In  this  country,  in  which 
gouty  affections  are  so  commonly  met  with,  the  efficacy  of  colchicum  is 
widely  recognised,  and  even  those  physicians  who  deprecate  its  employment 
do  not  as  a  rule  question  its  power  of  relieving  the  gouty  paroxysm,  but 
rather  base  their  objections  upon  unpleasant  effects,  or  upon  the  supposed 
tendency  of  the  drug  to  hasten  the  return  of  the  attack,  or  to  lead  the 
disease  to  assume  a  chronic  form. 

In  Germany,  on  the  other  hand,  colchicum  would  appear  to  have  fallen 
into  disrepute,  and  a  recent  writer  (Sternberg)  speaks  of  it  as  of  an  almost 
forgotten  specific  for  gout  which  was  widely  employed  in  the  first  quarter 
of  this  century,  the  value  of  which  might  well  be  tested  afresh.  Binz 
also  expresses  considerable  doubt  of  its  value,  not  only  in  rheumatism, 
but  even  in  gout.  Nevertheless  the  value  of  colchicum  in  the  treatment 
of  gout  may  be  looked  upon  as  one  of  the  best  established  of  therapeutic 
facts,  nor  would  it  appear  that,  provided  that  the  drug  is  given  in  moderate 
doses,  it  has  any  material  influence  in  hastening  the  return  of  the  attacks ; 
unless  it  be  that,  as  has  often  been  suggested,  the  speedy  relief  obtained  by 
its  means  tends  to  render  the  patient  less  careful  than  he  should  be  in 
matters  of  diet. 

As  to  the  way  in  which  colchicum  produces  its  therapeutic  effects  we 
have  as  yet  no  certain  knowledge.  Its  action  has  been  variously  ascribed 
to  its  influence  upon  the  nervous  system,  to  its  cholagogue  action,  to 
depression  of  the  circulation,  and  even  to  its  action  upon  the  alimentary 
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canal.  In  view  of  the  conflicting  results  of  the  urinary  analyses,  it  cannot 
be  definitely  set  down  to  any  influence  upon  the  excretion  of  uric  acid. 
Schulz  suggests  that  the  beneficial  action  of  the  drug  may  be  connected 
with  an  effect  upon  the  circulation  in  the  diseased  parts,  and  bases  this 
suggestion  upon  the  occurrence  of  articular  pains  when  colchicum  is 
administered  to  healthy  persons.  One  thing  at  least  seems  certain,  namely, 
that  the  drug  exerts  its  curative  effects  in  gouty  attacks,  when  even  ad- 
ministered in  doses  which  are  not  sufficiently  large  to  cause  any  obvious 
gastro-intestinal  disturbance.  This  is  of  importance,  because,  when  dealing 
with  such  a  potent  drug,  and  one  capable  of  producing  severe  toxic  effects, 
it  is  obviously  desirable  to  employ  the  smallest  quantities  which  are  capable 
of  producing  the  desired  effect.  It  is  generally  agreed  that  the  curative 
action  is  most  marked  in  the  acute  inflammatory  manifestations  of  gout, 
and  that  the  most  conspicuous  effects  are  the  relief  of  pain  and  the  cutting 
short  of  the  attack. 

The  administration  of  a  purgative  at  the  commencement  of  the  treat- 
ment is  usually  advisable,  and  for  this  purpose  blue  pill  or  calomel  is 
as  a  rule  selected.  It  is  also  a  common  practice  to  administer  the  drug 
together  with  the  carbonate  or  sulphate  of  magnesium.  For  reasons  already 
given,  it  is  obviously  better  to  follow  this  practice  than  to  rely  upon  the 
purgative  action  of  the  drug  itself.  The  usual  practice  is  to  commence 
with  a  dose  of  20  to  30  minims  of  the  vinum,  or  an  equivalent  dose  of  the 
tincture,  and  to  continue  the  treatment  with  smaller  doses. 

Colchicum  is  much  less  frequently  prescribed  in  the  intervals  between 
acute  attacks  or  in  chronic  gouty  conditions,  but  good  authorities  hold  that 
it  is  of  much  service  under  such  conditions  also,  and  small  doses  may  be 
administered  for  considerable  periods.  Under  such  circumstances  a  certain 
tolerance  of  the  drug  becomes  established.  To  elderly  persons,  and  to 
those  whose  circulatory  apparatus  is  feeble,  colchicum  should  be  ad- 
ministered with  caution  or  not  at  all ;  and  in  some  cases  patients  exhibit 
an  intolerance  of  even  very  small  doses,  which  quickly  produce  intestinal 
disturbance  or  cardiac  depression. 

The  choice  of  the  preparation  used  is  largely  a  matter  of  individual 
preference.  The  vinum  is  perhaps  the  most  popular  in  this  country,  but 
the  tincture  is  a  stronger  preparation  and  is  more  satisfactory  from  a 
pharmaceutical  standpoint.  Some  have  advocated  a  tincture  prepared 
from  the  flowers. 

Colchicine  has  met  with  very  scanty  employment,  even  since  it  has 
been  obtained  in  a  crystalline  form.  Badia  has  recommended  the  sub- 
cutaneous injection  of  doses  of  2  mgrms.  in  1  c.c.  of  water,  in  the  neigh- 
bourhood of  the  joints,  especially  in  chronic  rheumatic  affections. 

At  one  time  colchicum  was  extensively  tried  in  the  treatment  of  acute 
rheumatism,  but  it  appears  to  be  clearly  established  that  its  influence  in 
this  and  in  other  articular  affections  is  in  no  way  comparable  to  that 
which  it  exerts  in  gouty  conditions. 
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STAVESACRE  SEEDS. 

(B.P.  AND  U.S.P.) 

STAVESACRE  or  Staphisagria  seeds  are  the  dried  ripe  seeds  of  Delphinium 
Staphisagria. 

Composition. — The  seeds  contain  four  alkaloids,  namely,  delphinine, 
C2.,H35NOt5 ;  staphisagrine,  C22H30NO4 ;  delphinoidine ;  and  delphisine. 
Delphinine  exists  both  in  amorphous  and  crystalline  forms,  which  are 
identical  in  action ;  staphisagrine  appears  to  be  formed  from  delphinine ; 
little  is  known  concerning  the  other  two  alkaloids.  A  fixed  oil  is  also 
present  to  the  extent  of  27  per  cent.;  it  can  be  extracted  by  ether,  and  is 
a  non-drying  oil  of  a  greenish  colour.  When  obtained  in  this  way  the  oil 
contains  a  large  proportion  of  the  delphinine,  and  is  active ;  the  seeds, 
after  extraction  with  ether,  are  comparatively  inert. 

Pharmacology. — Externally  applied,  the  preparations  of  the  seeds 
are  destructive  to  animal  parasites,  especially  pediculi.  The  powdered 
seeds  are  rarely  given  internally ;  they  cause  nausea,  vomiting,  and  purging, 
and  are  depressant  to  the  motor  nerves,  heart,  and  respiration. 

Delphinine  closely  resembles  aconitine  (see  p.  157)  in  its  action; 
dissolved  in  alcohol  and  applied  to  the  skin,  it  causes  slight  redness,  and 
burning,  pricking, or  tingling  sensations.  Internally  administered,  delphinine 
acts  upon — (1)  the  respiration,  causing  first  slowing  and  finally  cessation 
of  respiration,  and  death  from  asphyxia;  (2)  the  heart,  causing  slowing  of 
the  pulse  and  diastolic  arrest  of  the  heart ;  (3)  the  spinal  cord,  causing 
spasms  and  rapid  general  paralysis  and  anaesthesia.  The  motor  nerves  are 
slowly  paralysed,  the  muscles  showing  fibrillar  contractions. 

Staphisagrine  in  frogs  paralyses  the  motor  nerves  like  curare  (see  p.  200), 
and  does  not  cause  the  fibrillar  contractions  produced  by  delphinine,  nor 
does  it  stop  the  heart.  In  warm-blooded  animals  death  occurs  from 
asphyxia,  but  without  spasms. 

The  action  of  delphinoidine  and  delphisine  has  not  been  fully  investigated. 

Therapeutics, — Externally,  the  Unguentum  Staphisagria  (B.P.)  is 
used  to  kill  pediculi,  especially  the  Pediculus  capitis ;  it  is  an  efficient 
remedy,  and  non-irritant.  A  non-official  ointment  is  made  from  the  oil 
extracted  by  ether  from  the  seeds  (1  drm.  to  the  oz.  of  lard),  and  has  been 
used  both  in  phthiriasis  and  scabies  with  success ;  it  is  also  recommended 
as  an  antipruritic  ointment  in  senile  pruritus.  As  a  more  elegant  appli- 
cation, the  oil  may  be  diluted  with  from  6  to  12  parts  of  olive  or  almond 
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oil,  and  perfumed.  An  infusion  of  the  seeds  in  weak  acetic  acid,  or  a 
decoction  in  water  (|  oz.  to  the  pint)  are  occasionally  used  as  lotions  for 
the  same  purposes  as  the  ointment. 

Internally,  the  powdered  seeds  were  at  one  time  used  as  a  vermifuge, 
in  doses  of  3  to  8  grs.,  but  are  no  longer  given  for  this  purpose. 

DelpMnine  is  sometimes  used  externally  as  an  application  to  the  skin 
in  neuralgia,  either  as  an  ointment  (|  drni.  to  the  oz.)  or  a  liniment  (10 
grs.  in  1  oz.  of  rectified  spirit). 

Internally  in  neuralgia,  earache,  and  toothache,  ^  gr.  may  be  given, 
and  repeated  every  two  hours,  or  a  larger  dose  (^  to  |  gr.)  at  longer 
intervals.  The  alkaloid  may  be  made  into  a  pill  with  glycerin  of 
tiMg;icanth.  Delphinine  has  also  been  used  in  cases  of  spasmodic  asthma, 
dropsy,  and  rheumatism,  but  has  not  displaced  any  of  the  more  usual 
remedies  for  these  conditions. 
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AKAROBA  AND  CHRYSAEOBINUM. 

(B.P.)  (B.P.    AND   U.S.P.) 

ARAROBA,  Goa  powder,  or  crude  chrysarobin,  is  a  substance  found  in  cavities 
in  the  trunk  of  a  tree — Andira  araroba.  It  is  dried  and  powdered,  and 
forms  a  brownish  yellow  or  dark  brown  powder.  Treated  with  hot  chloro- 
form, it  partially  dissolves  (50  per  cent,  at  least),  and  on  filtering  the  solution 
and  evaporating  the  chloroform,  a  residue  is  left,  which,  when  dried  and 
powdered,  constitutes  chrysarobinum,  or  chrysarobiu. 

CHRYSAROBINUM  or  CHRYSAROBIN  is  a  crystalline,  yellow,  tasteless, 
inodorous  powder,  which  ought  to  be  entirely  soluble  in  hot  chloroform. 
It  is  a  mixture  of  a  definite  chemical  body,  also  known  as  chrysarobin, 
C30H2)i07,  and  a  varying  proportion  of  chrysophanic  acid,  C15H80.,(OH).,, 
which  is  produced  by  oxidation  of  the  chrysarobin  (Liebermann  and 
Seidler).  Thus— 

C30HoG07  +  20,  =  3H,0  +  2C15H802(OH)2. 

Chrysophanic  acid  is  also  found  in  rhubarb  root  and  some  other  vege- 
table products ;  it  is  a  derivative  of  anthracene.  That  obtained  from 
rhubarb  is  said  not  to  be  an  efficient  substitute  for  chrysarobin.  There  is 
an  Unguentum  Chrysarobini  (B.P.  and  U.S.P.). 

Pharmacology. — External. — Chrysarobin  is  a  poison  to  vegetable 
organisms  of  fungus  type,  and  is  therefore  used  as  a  parasiticide  in  certain 
diseases  of  the  skin.  On  the  healthy  skin  chrysarobin  acts  as  a  stimulant 
and  powerful  irritant.  The  conjunctival  mucous  membrane  is  also  irritated, 
even  by  very  small  quantities ;  severe  inflammation  is  set  up,  and  ulcera- 
tion  of  the  cornea  is  said  to  have  been  occasionally  produced.  The  workmen 
engaged  in  collecting  the  drug  frequently  suffer  from  irritation  of  the 
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eyes  and  face,  with  cedema  of  the  eyelids.  The  skin  to  which  the  drug  has 
been  applied  becomes  stained  of  a  peculiar  purple  colour ;  this  is  more 
marked  upon  healthy  than  upon  diseased  skin,  so  that  it  frequently  hap]  tens 
that  after  a  few  days'  application  of  the  drug  to  a  limb  affected,  say,  with 
psoriasis,  the  patches  of  disease  look  paler  than  the  stained  and  irritated 
surrounding  skin.  Too  strong  or  too  long  applications  give  rise  to  a 
diffuse  form  of  superficial  dermatitis.  In.  a  dilute  form  it  belongs  to  the 
class  of  reducing  agents,  taking  oxygen  from  the  tissues  and  promoting  the 
growth  of  healthy  epithelium,  an  action  called  "  kerato-plastic  "  by  Unna. 
A  certain  amount  is  absorbed  from  the  skin,  and  application  over  too  large 
an  area  may  lead  to  the  production  of  constitutional  symptoms  from  the 
absorption  of  a  toxic  dose. 

According  to  some  observers,  the  action  of  chrysarobin  upon  certain 
skin  diseases  is  not  only  local  but  also  constitutional,  and  they  consider 
that  the  drug  absorbed  from  one  part  of  the  skin  (e.g.  one  limb)  may  exert 
curative  action  upon  other  parts  of  the  skin  (e.g.  another  limb)  to  which  it 
has  not  been  directly  applied.  One  disadvantage  of  local  applications  of 
chrysarobin  is  the  staining  of  the  clothing  and  the  bed  linen  with  which 
it  comes  in  contact.  The  colour  becomes  darker  and  more  purple  after 
washing,  owing  to  the  alkali  of  the  soap. 

Internal. — Chrysarobin  is  a  powerful  irritant  to  the  stomach  and 
intestines.  Doses  of  from  5  to  20  grs.  produce  in  about  four  hours  vomiting 
and  purging,  and  sometimes  febrile  reaction.  The  stools  contain  a  large 
amount  of  bile.  Even  ^  gr.,  if  continued,  may  produce  purging. 

We  have  no  information  regarding  the  manner  in  which  chrysarobin  is 
absorbed,  the  condition  in  which  it  is  present  in  the  blood,  or  its  action — if 
any — upon  the  other  organs  of  the  body.  It  is  excreted  in  the  urine,  to 
which  it  imparts  a  yellow  colour.  The  unabsorbed  chrysarobin  is  excreted 
with  the  fueces. 

Therapeutics. — External. — The  chief  value  of  chrysarobin  is  as  a 
stimulant  to  the  skin  in  certain  chronic  inflammatory  diseases,  more 
especially  those  of  a  squamous  character,  and  as  a  vegetable  parasiticide. 

Psoriasis  is  the  disease  in  which  it  is  of  the  most  use.  The  official  oint- 
ment may  be  applied  with  friction  twice  a  day  to  the  diseased  patches  only, 
so  as  to  avoid  irritating  the  healthy  skin ;  or  a  weaker  ointment  may  be 
applied  continuously  as  a  dressing.  The  powder  is  sometimes  used,  made 
into  a  paste  with  vinegar  or  weak  acetic  acid  or  water,  and  a  piece  of 
rubber  plaster  applied  over  each  patch  to  prevent  staining  of  the  clothes. 
With  the  same  object  in  view,  chrysarobin  is  often  applied  as  a  paint, 
1  in  10,  dissolved  in  liquor  guttapercha,  or  the  patches  to  which  it  has 
been  applied  may  be  painted  over  with  collodion,  or  plasters  containing  the 
drug  may  be  used.  It  may  also  be  obtained  combined  with  Pick's  traga- 
canth  and  glycerin  varnish  —  a  modification  of  which  is  sold  under  the 
name  of  "  vernisol,"  and  which  rapidly  dries  on  the  skin,  to  form  a  pro- 
tective coating.  For  isolated  patches,  Brooke's  salve  sticks  are  very  useful 
and  cleanly.  The  strength  of  the  application  must  be  modified  to  suit  the 
condition  of  the  skin;  where  the  inflammation  is  acute,  it  ought  not  to  be 
used ;  in  subacute  cases,  1  gr.  to  the  oz.  is  sometimes  effective ;  and  on 
small,  very  chronic  patches,  10  or  even  25  per  cent,  may  be  necessary. 
On  the  face  chrysarobin  should  not  be  used,  on  account  of  the  risk  of 
causing  osdema  of  the  eyelids  or  conjunctivitis;  and  on  the  scalp  it  should 
be  carefully  applied  for  the  same  reason.  The  stains  on  the  skin  may  be 
removed  by  benzol  or  a  solution  of  chlorinated  lime. 
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Chronic  eczema,  with  thickened  skin  and  a  scaly  surface,  is  sometimes 
benefited  by  weak  preparations  of  chrysarobin,  10  grs.  to  the  oz.,  or  less. 

.Ringworm  of  the  scalp  is  frequently  treated  with  success  by  chrysarobin; 
indeed,  Malcolm  Morris  considers  it  the  most  generally  useful  applica- 
tion. He  applies  it  in  the  form  of  ointment  containing  20  grs.  to  the  oz., 
but  sometimes  weaker  or  stronger.  In  some  cases  it  is  combined  with 
other  drugs,  such  as  ammoniated  mercury,  ichthyol,  or  salicylic  acid.  It 
must  be  used  carefully,  and  stopped  if  oedema  of  the  face  or  inflammation 
ensues.  It  dyes  the  hair  yellow.  Ringworm  of  the  body  and  tinea  versi- 
color  are  readily  cured  by  chrysarobin,  but  we  have  other  equally  effective 
and  less  irritating  remedies. 

Lupus,  acne  rosacea,  pityriasis,  have  been  treated  by  chrysarobin,  but 
the  success  obtained  has  not  been  such  as  to  counterbalance  the  disad- 
vantages of  the  drug. 

An  ointment  made  from  the  crude  Goa  powder  is  sometimes  used. 

Internal. — Doses  of  \  to  J  gr.  have  been  recommended  in  various  forms 
of  skin  disease,  but  the  vomiting,  griping,  and  purging,  with  loss  of  appetite 
and  feverishness,  which  occasionally  result,  even  from  very  small  doses, 
would  limit  its  use,  even  were  the  benefit  derived  from  it  much  greater 
than  we  have  any  evidence  of  at  present. 

ANTHRAKOBIN  is  a  reduction  product  from  alizarine,  and  is  a  powerful 
deoxidising  agent ;  it  has  been  recommended  as  a  substitute  for  chrysarobin 
in  psoriasis.  It  forms  a  light  brownish  yellow  powder,  soluble  in  alcohol 
or  alkalies ;  it  darkens  on  keeping,  and  by  absorbing  oxygen  becomes  con- 
verted into  alizarine.  It  is  used  as  an  ointment,  5  to  10  per  cent.,  or  as  a 
paint  dissolved  in  alcohol.  It  is  non-irritating  and  does  not  stain,  but  the 
evidence  of  its  value  is  very  slight,  and  its  action  is  very  slow.  The  skin 
should  be  washed  with  an  alkaline  solution,  or  with  the  Linimentum  Saponis, 
B.P.  (containing  potash  soap)  before  applying  the  drug. 
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LINSEED. 

(B.P.    AND    U.S.  P.) 

LINSEED,  or  Linum,  is  the  dried  ripe  seeds  of  Linum  usitatissimum.  The 
testa  contains  a  large  amount  of  mucilage ;  the  seeds  contain  a  fixed  oil 
(see  below).  About  15  per  cent,  of  the  former  and  30  per  cent,  of  the 
latter  are  usually  present.  When  ripe  the  seeds  contain  no  starch. 

LINUM  CONTUSUM  (B.P.),  LINSEED  MEAL. — The  seeds  reduced  to  a  coarse 
powder.  It  is  best  made  from  the  seeds  before  the  oil  is  extracted,  and 
should  be  fresh,  as  when  kept  it  may  become  rancid  and  irritate  the  skin, 
sometimes  even  causing  a  pustular  eruption. 
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OLEUM  LINI  (B.P.  and  U.S.P.). — The  oil  expressed  from  the  seeds  at 
ordinary  temperatures ;  it  consists  of  linoleate  of  glyceryl,  is  of  a  yellow 
colour  and  viscid  consistence,  has  a  slight  but  peculiar  odour  and  a,  bland 
taste.  On  exposure  to  the  air,  it  undergoes  oxidation  and  dries  to  a  hard 
transparent  varnish.  This  process  of  oxidation  is  hastened  by  previously 
boiling  the  oil  with  litharge,  and  oil  so  treated  is  known  as  "  boiled  oil "  or 
"  drying  oil." 

Pharmacology. — The  mucilaginous  substance  of  the  seeds  is  de- 
mulcent; an  infusion  has  a  local  soothing  action  upon  the  fauces  and 
pharynx.  It  has  probably  no  action  upon  the  bronchial  mucous  membrane. 
The  infusion  of  linseed  is  also  a  mild  diuretic,  and  according  to  some  a 
slight  laxative.  The  diuretic  action  may  be  due  to  the  excretion  by  the 
kidneys  of  the  resinoid  oxidation  products  formed  from  the  oil.  Linseed 
meal  is  the  usual  basis  for  poultices.  It  retains  heat  well,  and  the 
presence  of  the  oil  renders  it  emollient.  Linseed  oil  is  an  emollient 
externally,  though  its  tendency  to  dry  is  sometimes  a  disadvantage,  and 
renders  it  less  useful  than  almond  or  olive  oil.  Internally  it  acts  as  a 
laxative,  but  is  very  rarely  given  except  as  an  enema.  Owing  to  its 
oxidation  in  the  body  and  excretion  by  the  kidneys,  it  has  some  diuretic 
action. 

Therapeutics. — An  infusion  of  the  seeds  (linseed  tea),  with  the 
addition  of  sugar,  lemon,  and  liquorice,  is  a  favourite  and  useful  domestic 
remedy  in  catarrh,  relieving  cough  when  due  to  a  dry  and  irritable  con- 
dition of  the  fauces  and  pharynx.  It  is  also  demulcent  in  irritable 
conditions  of  the  stomach  and  intestines,  and  in  large  quantities  a  soothing 
diuretic  in  irritable  conditions  of  the  urinary  passages,  such  as  cystitis. 
An  infusion  is  better  and  more  palatable  than  a  decoction,  as  it  contains 
the  mucilage  only ;  when  boiled,  some  of  the  oil  is  extracted  and  com- 
municates an  unpleasant  flavour  to  the  decoction. 

The  linseed  meal  as  a  poultice  is  applied  to  the  surface  of  the  body 
where  continued  moist  heat  is  likely  to  be  useful  to  promote  resolution  in 
the  early  stages  of  local  inflammation,  or  to  hasten  suppuration  in  the 
later  stages  where  resolution  is  no  longer  possible.  A  poultice  is  best 
made  by  putting  the  requisite  quantity  of  boiling  water  into  a  previously 
warmed  basin  and  quickly  adding  the  linseed  meal,  little  by  little,  stirring 
all  the  time,  until  a  sufficient  consistence  is  obtained.  When  mixed  it  is 
spread  thickly,  by  means  of  a  warmed  spatula,  upon  tow  or  linen,  and 
applied  as  hot  as  can  be  comfortably  borne.  A  single  layer  of  muslin 
may,  if  desired,  be  placed  between  the  skin  and  the  poultice  to  prevent 
fragments  of  linseed  adhering  to  the  surface.  About  4  to  5  oz.  of  linseed 
are  required  for  10  oz.  of  water.  Poultices  require  changing  about  every 
four  hours.  Mustard  or  other  medicaments  may  be  added  to  a  linseed 
poultice  when  required. 

Linseed  oil  is  chiefly  used,  emulsified  by  shaking  with  an  equal  quantity 
of  lime  water,  in  the  well-known  carron-oil  as  a  local  application  for  burns, 
scalds,  and  acute  inflammations  of  the  skin,  especially  vesicular  eczema. 
It  is  a  soothing  application,  but  may  irritate  if  the  oil  is  at  all  rancid. 
The  oil  is  sometimes  added  to  purgative  enemata,  or  used  alone  in  quantities 
of  4  to  10  oz.  slowly  injected  into  the  rectum  to  soften  scybalous  masses. 
Linseed  oil  is  not  given  internally  at  the  present  time. 

ROBERT   B.    WILD. 
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EXPECTOEANTS. 

TIIK  following  drugs  are  grouped  together  because  their  main  action  and 
their  chief  use  in  medicine  is  as  expectorants.  There  are  many  other 
expectorants,  but  they,  from  their  close  relationship  to  other  drugs,  are 
more  conveniently  described  among  other  group, — such  are,  for  example, 
ammonium  carbonate  (see  p.  345),  squill  (see  p.  131),  the  alkalies  (see  p. 
328),  ammonium  chloride  (see  p.  346),  potassium  iodide  (see  p.  449), 
quillaia  (see  "  Saponin,"  p.  743). 

SENEGA,  IPECACUANHA,  LOBELIA,  GEINDELIA,  ASCLEPIAS. 

All  these  drugs,  but  more  especially  the  first  three,  are  expectorants, 
i.e.  remedies  which  aid  the  expectoration  of  the  bronchial  secretion,  or 
change  its  character,  in  diseased  conditions  of  the  chest.  It  is  not  their 
sole  action,  as  will  be  seen ;  but  it  is  the  one  for  which  they  are  in  the 
main  prescribed.  Expectorants  are  frequently  administered  in  a  some- 
what haphazard  manner,  without  due  attention  being  paid  to  what  may  be 
called  the  side  action  of  the  drug,  and  this  is  especially  likely  to  lead  to 
harmful  action  in  the  prolonged  administration  which  is  necessary  in  so 
many  of  the  conditions  in  which  expectorants  are  to  be  given.  Some 
expectorants  act,  as  it  is  said,  by  increasing  the  muscular  power ;  others 
act  by  increasing  the  secretion  from  the  bronchial  mucous  membrane, 
whereby  the  hard  tenacious  muco-pus  becomes  thinner  and  more  easily 
expelled.  It  is  doubtful  if  any  of  the  drugs  under  consideration  increases 
the  power  of  the  chest  muscles  in  coughing  and  expectoration.  It  is 
possible,  however,  that  they  may  affect  the  muscles  of  the  bronchial  tubes, 
and  so,  by  increasing  their  contraction,  aid  in  the  expectoration  of  the 
contents  of  the  tubes.  The  action  of  these  drugs  cannot,  however,  be  con- 
sidered solely  from  this  point  of  view,  since  they  have,  at  least  the  first 
three,  a  specific  action  on  the  heart  and  circulation  and  on  the  central 
nervous  system,  and  in  some  cases  on  the  secretion  of  the  urine.  That 
these  secondary  effects  of  the  remedies  are  important  to  bear  in  mind,  is 
evident  from  very  little  consideration.  The  chest  conditions  for  which 
expectorants  are  given  are  frequently  associated  with  disease  and  disorders 
of  the  heart  and  circulation.  Acute  bronchitis  may  be  associated  with 
inefficient  action  of  the  heart;  chronic  bronchitis  and  emphysema  are 
associated  with  a  chronic  embarrassment  of  the  pulmonary  circulation,  and 
sometimes  of  the  general  (systemic)  circulation.  But  chronic  bronchitis 
or  bronchial  catarrh  are  also  frequently  associated  with  disease  of  the 
heart,  with  mitral  stenosis  and  regurgitation,  fatty  degeneration,  and  senile 
dilatation  of  the  heart,  and  with  arterial  atheroma.  In  all  such  cardiac 
conditions,  but  more  especially  in  the  presence  of  organic  cardiac  disease, 
the  administration  of  expectorants  which  have  a  specific  depressing  effect 
on  the  heart-beat  must  be  proceeded  with  cautiously,  especially  in  the 
cases  of  prolonged  administration  of  such  remedies.  The  active  principles 
of  senega,  of  ipecacuanha,  and  of  lobelia  all  have  a  paralysing  effect  on 
the  heart,  although  not  of  the  same  kind. 

Again,  varying  conditions  of  the  nervous  system  may  be  associated 
with  the  chest  diseases  for  which  expectorants  are  given.  Cough,  the 
great  aid  to  expectoration,  is  itself  dependent  on  a  muscular  mechanism 
brought  reflexly  into  action  through  the  respiratory  centre  in  the  medulla. 
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In  chest  diseases  associated  with  cough,  this  centre  may  be  hypersensitive, 
or  it  may  be  sluggish  to  reflex  stimulation.  The  effect  of  a  drug,  there- 
fore, on  this  centre  in  chest  disease  is  of  great  importance.  Among  the 
drugs  under  consideration,  lobelia  is  the  one  having  the  most  pronounced 
action  in  this  respect ;  it  acts  as  a  paralyser  of  the  respiratory  centre. 
Ipecacuanha,  however,  is  a  general  nerve  centre  depressant. 

The  third  important  condition  which  may  be  associated  with  the  chest 
diseases  for  which  expectorants  are  given,  is  renal  disease.  The  urine  is 
frequently  diminished  in  quantity  in  chronic  bronchitis  and  emphysema, 
especially  when  associated  with  disease  of  the  mitral  valve ;  it  may  be 
increased  in  quantity  and  associated  with  an  increased  arterial  blood 
pressure  in  chronic  granular  contracted  kidney,  which  is  the  most 
important  renal  disease  under  consideration  at  present.  Some  of  the 
expectorants,  such  as  senega  and  asclepias,  are  diuretic  in  action,  and  this 
action  is  to  be  borne  in  mind  in  their  prescription,  especially  if  ordered 
for  long  periods.  Ipecacuanha,  although  not  evidently  diuretic,  has  a 
slight  diaphoretic  action,  which  is  a  distinct  advantage  in  some  of  the 
conditions  for  which  it  is  prescribed. 

A  fourth  condition  to  be  remembered  in  the  administration  of  ex- 
pectorants, and  especially  of  those  like  ipecacuanha  and  lobelia,  which  are 
strong  local  irritants,  is  the  condition  of  irritability  of  the  stomach. 
Frequently  in  chronic  bronchitis  and  other  chest  conditions,  the  stomach 
becomes  irritable,  and  intolerant  of  strong  and  irritant  remedies.  Some- 
times the  irritability  is  shown  by  the  eructation  of  the  very  acid  stomach 
contents — a  condition  which  is  to  be  combated  by  diet  and  the  adminis- 
tration of  alkalies  with  the  expectorant.  In  other  cases  there  is  no 
eructation,  but  there  are  symptoms  of  discomfort  during  the  digestion 
of  food ;  alkalies  with  the  expectorant  will  relieve,  or  sedatives  in  small 
doses  given  at  times  other  than  those  at  which  the  expectorant  mixture  is 
administered. 

The  general  remarks  which  have  been  made  are  of  importance  in 
deciding  the  expectorant  to  be  given  in  chest  conditions,  especially  in 
chronic  cases.  The  thoughtless  administration  of  such  remedies  may  lead 
to  deleterious  effects,  if,  as  has  been  discussed,  sufficient  attention  be  not 
paid  to  the  coincident  changes  which  may  be  present  in  the  heart  and 
circulation,  in  the  central  nervous  system,  and  in  the  kidneys,  whether 
organic  or  simply  functional  disease  be  present. 

Expectorants  are,  as  a  rule,  not  administered  by  themselves ;  one  or 
other  drug  is  added  to  the  prescription  with  benefit.  Thus  a  typical 
stimulant  expectorant,  such  as  ammonium  carbonate,  is  frequently  com- 
bined with  one  or  other  of  the  three  chief  expectorants,  which  increase  the 
secretion  of  the  bronchial  tubes,  namely,  in  the  order  of  their  importance, 
potassium  iodide,  ipecacuanha,  and  ammonium  chloride.  Again,  a  diffusible 
stimulant,  such  as  chloroform  or  ether,  in  the  form  of  a  spiritus,  is  a  useful 
combination  with  depressing  expectorants,  such  as  iodide  of  potassium, 
lobelia,  and  ipecacuanha.  Great  importance  must  also  be  attached  to 
the  combination  of  these  expectorants  with  the  alkaline  carbonates  of 
potassium  and  sodium  (in  doses  of  15  to  20  grs.),  for  not  only  is  the 
action  of  the  expectorant  aided,  but  a  beneficial  diuretic  action  is  frequently 
obtained,  especially  in  cases  of  chronic  bronchitis  and  emphysema,  when 
there  is  a  diminution  in  the  quantity  of  urine.  Another  important  com- 
bination of  these  expectorant  remedies  is  with  cardiac  and  nervine  tonics 
and  stimulants,  namely,  digitalis,  strophanthus,  nux  vomica,  and  strych- 
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nine.  Indeed,  as  has  been  pointed  out,  the  study  of  the  associated  heart, 
nerve,  and  kidney  disorders  with  the  chest  condition  is  of  prime  importance 
in  the  treatment  by  expectorants.  These,  therefore,  are  most  commonly 
prescribed  with  diffusible  stimulants,  with  diuretics,  and  with  cardiac  and 
nervine  remedies. 

SENEGA. 

(B.P.    AND    U.S.?.) 

Senega  is  the  root  of  Polygala  senega,  and  contains  an  active  principle, 
a  glucoside,  which  appears  to  be  identical  with  saponin,  a  glucoside  found 
in  several  other  plants  (see  p.  743). 

Pharmacology.— The  action  of  saponin  is  well  marked,  and  is  more 
fully  described  on  p.  743.  Besides  acting  as  a  local  irritant  to  the  mucous 
membranes  with  which  it  comes  in  contact,  so  that  it  may  cause  sneezing, 
now  of  mucus  from  the  mouth,  and  indigestion,  it  acts  after  absorption  as 
a  poison  to  the  voluntary  muscles,  to  the  heart,  and  to  the  nerve  centres. 
It  paralyses  both  voluntary  and  involuntary  muscles,  and  stops  the  heart 
in  diastole,  acting  directly  on  the  cardiac  muscle.  On  the  heart  its  action 
is  antagonistic  to  that  of  digitalis— a  fact  that  must  be  borne  in  mind 
in  its  prescription.  The  pronounced  physiological  effects  of  the  active 
principle  of  senega  are  not  usually  observed  in  the  medicinal  administra- 
tion of  the  drug,  since,  as  usually  given  in  the  form  of  infusion,  it  is 
present  in  only  small  quantities.  Still  senega  not  infrequently  has  a 
deleterious  effect,  and  is  not  suitable  for  prolonged  administration  in  cases 
where  there  is  great  weakness  of  the  cardiac  beat  and  an  inefficient 
circulation  of  the  blood. 

Therapeutics. — In  disease,  senega  is  usually  given  as  a  stimulant 
expectorant  in  cases  of  chronic  bronchitis  and  emphysema,  not  by  itself, 
but  in  conjunction  with  ammonium  carbonate.  It  has  no  power  in  such 
cases  to  increase  the  amount  of  secretion,  but  is  said  to  aid  its  expulsion, 
and  no  doubt  in  suitable  cases  it  does  do  this.  Its  use  in  chest  con- 
ditions is  practically  limited  to  chronic  bronchitis ;  it  is  of  little  value  in 
resolving  pneumonia,  and  of  no  value  in  asthma.  In  chronic  bronchitis  its 
diuretic  action  is  sometimes  observed,  and  is  of  service.  From  its  action 
on  the  heart,  it  has  been  recommended  in  the  distressing  palpitation 
occurring  in  aortic  valvular  disease ;  but  its  value  in  this  condition  is  far 
behind  other  remedies,  such  as  morphine  and  other  sedatives.  The  pre- 
parations most  used  are  the  tincture  (dose,  -^  to  1  fluid  drm.)  or  the 
infusion  (both  B.P.),  or  the  fluid  extract  or  the  syrup  (both  U.S.P.).  The 
concentrated  liquor  (B.P.)  is  not  a  good  preparation. 

IPECACUANHA. 
(B.P.  AND  U.S.P.) 

Ipecacuanha  is  the  dried  root  of  Psychotria  ipecacuanha. 

Composition.  —  It  contains  —  (1)  Emetin,  C30H42N2O4,  a  colourless 
alkaloid,  which  turns  yellow  on  keeping,  is  soluble  in  alcohol,  ether,  and 
chloroform,  but  not  in  caustic  alkalies :  it  possesses  pronounced  physio- 
logical effects ;  (2)  CepJiaelinc,  C2SH38N20,  colourless  also,  turning  yellow 
on  keeping,  soluble  in  caustic  alkalies,  less  soluble  in  ether  than  emetin, 
but  freely  in  alcohol  and  chloroform ;  (3)  at  least  one  other  alkaloid  in 
minute  quantities ;  (4)  a  mixture  called  ipecacuantine  or  cephatilic  acid. 
The  body  formerly  called  emetin  was  an  impure  mixture  of  several  bodies. 
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Emetin  in  its  pure  and  impure  form  is  sometimes  administered  in  disease : 
of  the  impure,  -Js  to  TV  gr.  being  given  in  pill  as  an  expectorant,  and  i  to 

1  gr.  as  an  emetic. 

Pharmacology. — The  chief  physiological  effect  of  emetin  is  exerted 
on  the  heart,  which  becomes  irregular,  and  finally  stops  in  diastole:  I  his 
powerful  paralysing  effect  of  the  drug  is  associated  with  a  great  diminution 
in  the  arterial  blood  tension,  an  important  fact  to  bear  in  mind  in  tlie 
administration  of  ipecacuanha  in  disease.  Like  senega,  therefore,  ipecac- 
uanha exerts  a  paralysing  effect  on  the  heart-beat. 

Both  emetin  and  ipecacuanha  are  powerful  local  irritants.  Emetin 
applied  to  the  skin  causes  irritation  with  the  formation  of  pustules.  Ipecac- 
uanha applied  to  the  nose  causes  an  increase  of  secretion  and  the  signs  of 
great  irritation,  which  in  predisposed  persons  may  lead  to  an  attack  of 
asthma,  resembling  hay  asthma.  To  the  respiratory  tract,  whether  inhaled 
or  taken  internally,  it  is  an  irritant,  and  produces  an  increase  of  secretion, 
an  effect  which  is  of  service  in  the  treatment  of  disease.  In  poisonous  doses 
the  lungs  may  be  redematous. 

Ipecacuanha  and  emetin  are  violent  irritants  of  the  gastro-intestinal 
tract.  They  both  produce  vomiting,  mainly  by  this  local  irritant  effect  on 
the  stomach,  although  part  of  the  effect  may  be  ascribed  to  a  direct  effect 
on  the  vomiting  centre  in  the  medulla.  Large  doses  cause  inflammation  of 
the  intestine,  with  diarrhoea,  and  it  may  be  mekena :  a  modified  similar 
effect  is  of  service  in  the  treatment  of  disease.  The  secretion  of  bile  is  also 
increased.  The  action  of  ipecacuanha  as  a  diaphoretic  is  very  irregular, 
and  in  this  effect  the  drug  shows  more  variety  than  in  the  other  actions 
which  have  been  mentioned.  Ipecacuanha  has  a  direct  effect  on  the  uterus, 
increasing  the  uterine  contractions ;  and  it  has  been  even  used  in  the  early 
stages  of  labour.  Although  of  no  therapeutical  importance,  this  effect  must 
be  borne  in  mind  in  administering  the  drug  in  pregnancy,  large  doses  being 
avoided. 

Therapeutics. — In  the  treatment  of  disease,  ipecacuanha  is  used 
extensively,  mainly  in  diseases  of  the  bronchial  tubes,  but  also  in  diseased 
and  disordered  conditions  of  the  intestine.  In  most  conditions  it  is  best 
combined  with  other  remedies,  and  these  combinations  will  be  noted  under 
the  appropriate  headings. 

As  an  emetic  it  is  given  usually  in  the  form  of  Vinum  Ipecacuanha 
(B.P.  and  U.S.P.),  in  doses  of  1  drm.  frequently  repeated,  say  every  twenty 
minutes.  Its  use  as  such  is  practically  confined  to  cases  of  bronchitis  and 
broncho-pneumonia  in  children  in  which  there  is  great  respiratory  distress 
from  the  accumulation  of  the  inflammatory  secretion  in  the  bronchial  tubes, 
which  the  weak  muscles  are  unable  to  expel.  The  act  of  vomiting  tends  to 
relief,  by  removing  a  large  quantity  of  this  muco-pus.  It  has  been  used 
simply  for  unloading  the  stomach ;  but  for  this  purpose  the  stomach-tube 
is  to  be  preferred.  It  was  sometimes  used  in  the  laryngeal  and  tracheal 
obstruction  occurring  in  diphtheria  ;  but  its  employment  in  this  respect  is 
not  now  necessary.  In  some  cases  of  vomiting,  that  of  pregnancy  and  those 
forms  which  occur  in  some  cases  of  neurosis  of  the  stomach,  the  vinum  in 

2  minim  doses,  given  every  half -hour  for  two  to  three  hours,  acts  very 
beneficially  ;  although  in  other  apparently  similar  cases  it  will  fail.     The 
explanation  of  this  effect  is  not  clear. 

It  is  as  an  expectorant  in  bronchitis  that  ipecacuanha  is  most  useful. 
It  is  useless  in  spasmodic  asthma,  and  of  but  little  use  in  the  asthmatic 
attacks  which  occur  in  cases  of  emphysema  and  bronchitis.  But  in  com- 
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plicated  bronchitis  it  is  frequently  of  great  service,  although  as  a  rule  it  is 
inferior  in  utility  to  iodide  of  potassium.  It  is  mainly  in  the  bronchitis  of 
childhood  that  its  great  utility  is  shown.  In  acute  bronchitis  it  is  best 
given  in  10  to  15  minim  doses  of  the  vinum  frequently  during  the  early 
part  of  the  attack,  i.e.  when  there  is  the  distressing  cough,  with  a  scanty 
tough  secretion  in  the  bronchial  tubes.  Such  doses,  given  every  hour  and 
continued  for  several  hours  until  the  effect  of  the  drug  is  produced,  reduce 
and  loosen  the  cough  and  the  dyspnoea  by  rapidly  increasing  the  secretion 
from  the  bronchial  tubes;  and  the  result  is  much  more  satisfactory  than 
wl K.MI  the  remedy  is  given  at  four-  or  six-hour  intervals.  After  the  initial 
effect  of  the  drug  has  been  produced,  it  may  be  given  at  these  intervals. 
Tin1  other  remedies  with  which  it  may  be  combined  in  these  acute  conditions 
in  children,  are  ammonium  carbonate  in  |-  or  1  gr.  doses,  and  a  small 
dose  (2  or  3  grs.)  of  potassium  carbonate,  some  diffusible  stimulant,  such  as 
spiritus  chloroform,  being  added  in  the  latter  cases  to  counteract  the  depress- 
ing effect  of  the  potassium  salt. 

In  the  chronic  bronchitis  of  children  which  is  left  by  whooping-cough, 
measles,  or  influenza,  or  is  associated  with  chronic  tonsillo-pharyngitis  or 
adenoids,  ipecacuanha  is  of  value  given  in  7  to  10  minim  doses  of  the  vinum 
three  times  daily ;  but  its  use  must  here  be  combined  with  a  general  tonic 
treatment.  In  the  chronic  bronchitis  associated  with  asthma  in  children,  as 
well  as  in  adults,  it  is  of  but  little  use. 

Ipecacuanha  is  of  far  less  service  in  the  acute  bronchitis  of  adults  than 
in  that  of  children :  in  such  cases  iodide  of  potassium  with  ammonium  or 
potassium  carbonate  is  a  far  more  serviceable  remedy.  In  the  convalescent 
stage,  however,  as  well  as  in  chronic  bronchitis,  it  is  of  some  service.  In 
such  cases  it  may  be  given  in  10  minim  doses  of  the  vinum  three  times 
daily  with  5  grs.  of  ammonium  carbonate,  or,  if  there  is  hyperacidity  caus- 
ing symptoms  of  indigestion  of  food,  with  15  grs.  of  bicarbonate  of  sodium. 
It  is  sometimes  given  with  squills  in  a  diuretic  mixture  containing  15 
minims  of  tincture  of  squills,  15  grs.  of  citrate  of  potassium,  and  2  drms. 
of  liquor  ammonii  acetatis.  This  mixture  is  frequently  of  great  service, 
more  particularly  in  cases  in  which  there  is  a  scanty  amount  of  urine 
excreted.  The  squills  might,  however,  be  with  advantage  omitted,  as  it  is 
a  drug  the  beneficial  effect  of  which  is  doubtful. 

For  the  distressing  cough  of  chronic  bronchitis,  which  is  so  severe  on 
going  to  bed  and  in  the  morning,  ipecacuanha  by  itself  or  in  combination 
with  some  form  of  opium  is  beneficial.  Ipecacuanha  lozenges  (B.P.  and 
U.S.P.),  or  ipecacuanha  and  morphine  lozenges  (B.P.  and  U.S.P.),  are  of 
service  during  the  day ;  but  at  night,  if  the  cough  is  not  due  to  the  accumu- 
lation of  secretion  in  the  bronchial  tubes,  but  to  an  excessive  irritability  of  the 
nervous  system,  a  5  gr.  dose  of  Dover's  powder  (called  Pulvis  Ipecacuanhas 
Compositus  in  the  B.P.  and  Pulvis  Ipecacuanb.ee  et  Opii  in  U.S.P.)  is  fre- 
quently of  the  greatest  service,  taken  just  before  going  to  bed.  For  this 
purpose,  too,  the  lozenge  of  ipecacuanha  and  morphine  is  of  use.  The  pill  of 
ipecacuanha  and  squill  (B.P.)  is  not  so  good  as  the  compound  powder,  which 
is  its  chief  ingredient.  As  a  diaphoretic,  ipecacuanha  is  commonly  pre- 
scribed as  the  compound  powder,  10  grs.  being  given  at  bedtime.  It  is 
given  in  the  early  stages  of  acute  nasal,  laryngeal,  and  bronchial  catarrh, 
and  is  frequently  useful ;  although  in  many  cases  the  diaphoretic  effect  is 
absent. 

Ipecacuanha  has  an  undoubted  effect  in  intestinal  conditions.  The 
physiological  effect  of  emetin  on  the  intestine  has  already  been  discussed  ; 
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it  is  that  of  an  irritant.  It  is  therefore  somewhat  remarkable  that  it 
should  be  of  value  in  acute  dysentery,  which  is  an  acute  infective  inflamma- 
tion of  the  large  intestine.  In  this  disease  it  is  given  in  30  gr.  doses  of 
powdered  ipecacuanha  (without  any  liquid)  at  the  onset,  the  administration 
being  preceded  by  a  sedative  dose  of  opium.  The  action  in  acute 
dysentery  may  be  that  it  increases  the  exudation  from  the  large  gut, 
thus  tending  to  clear  it  of  infective  material ;  and  it  is  notable  that  mag- 
nesium sulphate,  a  remedy  which  in  repeated  doses  is  of  service  in  acute 
dysentery,  also  causes  an  increased  exudation  of  liquid  into  the  intestine. 
In  chronic  dysentery,  ipecacuanha  is  by  itself  but  of  little  use ;  in  the  form 
of  the  compound  powder  it  is,  however,  frequently  of  value  in  reducing 
the  number  of  motions,  in  relieving  the  recurring  attacks  of  distressing 
tenesinus,  and  in  diminishing  the  catarrh  characteristic  of  chronic  dysentery. 
It  is  in  these  cases  only  an  adjunct  to  other  treatment. 

In  mucous  colitis,  if  not  severe,  ipecacuanha  is  of  use  either  in  com- 
bination with  opium  or  mercury.  In  the  former  case  it  may  be  given  as 
the  compound  powder ;  in  the  latter  as  3  to  5  grs.  of  the  compound  powder 
with  \  to  1  gr.  of  hydrargyrum  cum  creta.  Half  a  gr.  of  ipecacuanha  is 
sometimes  added  to  aperient  pills,  often  with  excellent  effect. 

The  Acetum  Ipecacuanhas  (B.P.)  may  be  used  for  the  same  purposes  and 
in  the  same  doses  as  the  vinum.  The  liquid  extract  (B.P.)  is  standardised 
to  contain  2  to  2'5  per  cent,  of  alkaloids.  Its  dose  is  \  to  2  minims.  In 
the  U.S.P.  there  is  a  tincture  with  opium,  and  a  syrup. 

LOBELIA. 
(B.P.  AND  U.S.P.) 

Lobelia  is  the  dried  flowering  herb,  Lobelia  inflata.  It  contains  an 
active  poison,  which  in  physiological  action  somewhat  resembles  both 
nicotine  and  pituri,  which  is  the  powdered  leaves  of  Duboisia  hopwoodii,  and 
is  chewed  and  smoked  by  the  natives  of  Australia  to  stimulate  them  when 
doing  severe  work  and  to  appease  hunger.  Gerrard  thought  its  liquid 
alkaloid  piturine  to  be  identical  with  nicotine,  but  Liversedge  says  it  is 
not,  and  gives  it  the  formula  C12H16N2. 

Lobelia  is,  for  example,  a  powerful  poison  to  the  nervous  system,  causing 
giddiness,  muscular  weakness,  and  even  convulsions  and  coma.  It  dimin- 
ishes the  activity  of  the  respiratory  centre  and  of  the  vasoinotor  centre. 
Like  nicotine,  it  is  also  a  great  irritant  to  the  alimentary  tract,  producing 
nausea  and  vomiting.  It  is  an  expectorant,  and  has  been  used  in  chronic 
bronchitis ;  but  it  is  not  so  useful  in  this  condition  as  other  drugs,  and  its 
liability  to  produce  deleterious  effects — mainly  in  the  form  of  giddiness  and 
nausea — circumscribes  its  utility.  Its  use  is  almost  completely  limited  to 
the  treatment  of  the  attacks  of  spasmodic  asthma ;  but,  like  other  remedies 
in  this  disease,  its  action  is  very  variable,  in  some  cases  acting  exceedingly 
well,  in  others  apparently  having  no  effect.  It  is  sometimes  given  in  doses 
of  5  to  7  minims  of  the  ethereal  tincture  (B.P.,  1  in  5)  or  the  alcoholic 
tincture  (U.S.P),  three  times  daily  in  cases  of  prolonged  dyspnoea  in  asthma  ; 
but  given  in  this  way  its  effects  cannot  be  stated  to  be  markedly  bene- 
ficial. This  was  also  the  opinion  of  Hyde  Salter,  who  recommends  the 
mode  of  administration  used  by  Elliotson,  namely,  to  start  with  20 
minims  (old  tincture  B.P.,  equal  to  about  10  minims  of  the  new  tincture), 
and  to  "tell  the  patient  to  repeat  the  dose  every  half -hour,  making  it  5 
minims  larger  each  time,  till  some  slight  nausea  and  feeling  of  faintness  is 
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experienced."  Salter  further  says :  "  I  have  on  many  occasions  known  as 
much  as  40  or  50  drops  reached  before  any  feeling  of  nausea  was  pro- 
duced, and  before  the  asthma  was  relieved ;  but  with  the  nausea  came  the 
relief."  This  is  certainly  the  only  way  in  which  lobelia  can  be  admin- 
istered to  do  good  in  a  case  of  spasmodic  asthma.  With  the  new  tincture 
B.P.,  which  is  nearly  twice  the  strength  of  the  old,  it  would  be  best  to 
begin  with  a  dose  of  5  to  7  minims,  and  gradually  increase  this  in  the 
manner  described.  The  result,  i.e.  the  relief  of  the  asthmatic  paroxysm, 
is  due  to  the  toxic  effect  of  the  drug  on  the  central  nervous  system,  and 
perhaps  mainly  on  the  respiratory  centre. 

GRINDELIA. 

(U.S.  P.) 

This  drug,  which  is  the  dried  herbs  Grindelia  rdbusta  and  G.  squarrosa,  is 
prescribed  in  the  form  of  a  dry  alcoholic  extract  (dose  2  to  3  grs.),  or  more 
commonly  in  the  form  of  the  fluid  extract  (U.S.P.),  (dose,  10  to  30 
minims). 

Like  lobelia,  it  is  mainly  used  for  the  treatment  of  spasmodic  asthma, 
and  it  is  best  administered  in  the  same  way  in  order  to  cut  short  the 
paroxysm.  The  leaves  may  be  burned  and  the  fumes  inhaled,  or  they  may 
be  smoked  in  cigarettes  like  stramonium.  The  internal  administration 
is,  however,  the  most  efficacious.  It  is  used  in  all  forms  of  asthma, 
the  pure  spasmodic  type,  hay  asthma,  and  bronchial  asthma,  and  it  has 
been  said  to  relieve  the  paroxysms  of  whooping-cough.  It  may  with 
advantage  be  added  to  a  mixture  for  chronic  bronchitis  when  the  cough- 
ing is  very  spasmodic.  Mucilage  must  always  be  added,  as  the  addition 
of  water  to  the  fluid  extract  leads  to  a  copious  precipitate  of  resin. 

In  cardiac  disease  it  has  been  recommended  to  slow  and  regulate  the 
heart. 

ASCLEPIAS. 
(U.S.P.) 

Asdepias  tuberosa,  or  pleurisy  root,  is  administered  in  the  form  of  a  fluid 
extract  (U.S.P.),  in  doses  of  5  to  40  minims.  It  is  recommended  as  a 
diuretic  expectorant  and  diaphoretic,  but  our  knowledge  of  it  is  very 
scanty. 
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HYDKOCYANIC  ACID. 

THE  following  pharmacopreial  substances  owe  their  efficacy  to  the  hydro- 
cyanic or  prussic  acid  in  them : — Aciduin  Hydrocyanicum  Dilutum,  Vir- 
ginian Prune  bark,  and  Cherry  Laurel  leaves. 

ACIDUM  HYDKOCYANICUM  DILUTUM  (B.P.  and  U.S.?.)  is  of  the 
strength  of  2  per  cent,  by  weight,  and  is  prescribed  in  doses  of  2  to 
6  minims. 

PRUNI  VIRGINIANS  CORTEX  (B.P.),  PRUNUS  VIRGINIANA  (U.S.P.). — The 
bark  of  the  Virginian  prune  or  wild  cherry  contains  amygdalin,  which 
yields  by  decomposition  oil  of  bitter  almonds  and  prussic  acid.  It  is  usually 
prescribed  in  the  form  of  syrup  (B.P.  and  U.S.P),  (dose,  \  to  1  fluid  drrn.). 

LAUROCERASI  FOLIA  (B.P.). — The  leaves  of  Primus  laurocerasus  (B.P.), 
the  cherry  laurel,  like  Virginian  prune,  yield  prussic  acid,  and  the  aqua 
made  from  them  is  about  ^V  the  strength  of  the  dilute  hydrocyanic  acid. 
Its  dose  is  i  to  2  fluid  drms. 

Pharmacology. — The  physiological  action  of  prussic  acid  is  well 
marked ;  it  exerts  a  profound  paralysing  effect  on  the  central  nervous 
system,  more  especially  on  the  medulla,  and  on  the  heart  and  circulation 
of  the  blood.  Protoplasmic  life  is  impossible  in  the  strong  vapour  of 
prussic  acid,  death  of  the  cell  being  practically  instantaneous ;  hence  when 
applied  directly  to  the  heart,  it  stops  it.  Its  effects  in  large  doses  on 
the  central  nervous  system  after  absorption,  are  shown  in  giddiness  and 
in  convulsions,  which  frequently  end  in  coma.  The  effect  on  the  medulla 
is  shown  by  the  irregular  character  of  the  respiration  and  the  beat  of 
the  heart,  in  the  great  fall  of  blood  pressure,  and  in  the  death  from 
asphyxia,  to  which  the  convulsions  are  due,  the  respiratory  centre  being 
affected  more  severely  than  the  cardiac  or  vasomotor.  It  dilates  the 
pupil.  It  is,  moreover,  a  local  antesthetic,  passing  through  the  epithelium 
and  depressing  the  activity  of  sensory  nerves. 

The  paralysing  effect  on  the  nervous  centres  shown  by  large  doses, 
becomes  a  sedative  action  only  when  small  doses  are  given,  as  in  the 
treatment  of  disease.  The  chief  points  to  be  noted  in  this  connection  are 
its  effects  in  diminishing  the  activity  of  the  respiratory  centre  and  other 
centres  in  the  medulla,  in  diminishing  the  action  of  the  heart,  and  in 
acting  as  a  local  anaesthetic.  In  thus  having  its  chief  action  on  the 
centres  in  the  medulla,  hydrocyanic  acid  resembles  some  animal  poisons, 
such  as  cobra  venom  and  jequirity.  The  beneficial  effects  of  prussic  acid 
in  disease  are  no  doubt  mainly  to  be  ascribed  to  the  sedative  effect  it 
exercises  on  the  medullary  centres  when  given  in  medicinal  doses  for 
some  time. 

Toxicology. — Fatal  poisoning  by  prussic  acid  has  often  occurred,  and  is 
chosen  by  suicides  who  have  some  knowledge  of  the  action  of  drugs,  for 
death  frequently  occurs  in  a  few  seconds,  and  it  is  very  rare  for  symptoms  to 
be  delayed  more  than  two  minutes.  The  patient  becomes  quite  insensible, 
the  eyes  are  fixed  and  glistening,  the  pupils  dilated,  the  limbs  flaccid,  the 
skin  cold  and  clammy,  the  respiration  slow,  deep,  and  convulsive,  and  the 
pulse  is  almost  imperceptible.  After  death  there  may  be  an  odour  of 
prussic  acid  about  the  body,  which  is  very  livid,  the  fingers  are  clenched, 
and  the  jaws  firmly  closed,  and  there  is  froth  at  the  mouth.  The  stomach 
may  be  a  little  reddened. 

The  state  of  the  blood  after  death  from  prussic  acid  is  of  much  interest. 
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If  death  takes  place  almost  instantly,  the  blood  is  bright  red ;  if  death  is 
due  to  asphyxia,  it  is  dark  owing  to  asphyxia.  If  blood  outside  the  body 
is  shaken  up  with  prussic  acid,  cyano-luemoglobin  is  formed. 

Treatment.— There  is  usually  hardly  time  to  wash  out  the  stomach  or 
for  emetics  to  act,  but  if  possible  they  should  be  employed.  The  patient 
should  instantly  inhale  ammonia.  Alcohol  or  ether  should  be  injected 
subcutaneously,  artificial  respiration  should  be  employed,  with  plenty  of 
fresh  air.  Faradism  may  be  used,  and  Jg-  gr.  of  atropine  sulphate  in- 
jected subcutaneously. 

Therapeutics. — External. — The  local  anaesthetic  action  of  dilute 
hydrocyanic  acid  is  sometimes  utilised  in  conjunction  with  morphine  to 
relieve  itching  ;  but  it  is  not  so  good  a  remedy  as  cocaine.  The  strength 
for  this  purpose  is  10  minims  to  the  fluid  oz.  of  water. 

Internal. — In  gastric  disorders  it  has  its  main  application.  In  cases  of 
disordered  digestion  due  to  prolonged  irritation  of  the  stomach  by  irregu- 
larities in  the  quantity  and  character  of  the  diet,  the  continued  admini- 
stration of  dilute  hydrocyanic  acid  in  doses  of  3  minims  is  of  great  service. 
It  is  best  prescribed  in  an  alkaline  mixture  containing  15  grs.  of  bicarbonate 
of  sodium  with  dill  or  cinnamon  water.  The  symptoms  which  are  more 
particularly  relieved  by  the  drug,  are  giddiness,  nausea,  and  palpitation  of 
the  heart,  and  sometimes  hiccough.  These  are  all  symptoms  which  may 
be  described  as  "nervous,"  and  are  the  result  of  reflex  irritation  from 
the  stomach.  Vomiting,  which  is  purely  nervous  in  origin,  and  which  is 
present  in  some  cases  of  stomach  neurosis  and  in  pregnancy,  is  not  in- 
frequently relieved  by  3  minim  doses  of  the  dilute  acid  frequently 
repeated.  But  on  vomiting  caused  by  great  irritation  of  the  stomach, 
whether  from  food  or  from  organic  disease,  or  caused  reflexly  by  great 
pain,  intestinal  disease,  or  by  excessive  cough,  hydrocyanic  acid  has  not 
the  slightest  influence,  and  it  is  useless  to  give  the  drug  in  these 
conditions. 

The  giddiness  of  Meniere's  disease  (auditory  nerve  vertigo)  is  sometimes 
benefited  by  prussic  acid,  if  one  of  the  elements  in  the  irritation  of  the 
attacks  is  a  disordered  digestion.  Attacks  of  palpitation  not  directly  due 
to  a  disordered  digestion,  but  occurring  as  a  symptom  of  a  nervous 
condition,  are  also  benefited  by  prussic  acid ;  but  the  palpitation  of 
exophthalmic  goitre  is  unaffected  by  the  drug.  The  nervous  palpitation 
which  sometimes  occurs  in  organic  cardiac  disease  is  relieved  by  it. 

For  the  relief  of  cough,  diluted  hydrocyanic  acid  is  of  great  benefit  in 
combination  with  morphine ;  and  a  convenient  mode  of  administering  it  is 
in  the  form  of  a  linctus  composed  of  TV  gr.  of  acetate  of  morphine,  2 
minims  of  dilute  hydrocyanic  acid,  30  minims  of  oxymel,  and  water  to  1 
drm.  This  linctus  may  be  given  at  night  more  particularly,  but  also 
during  the  day  for  the  relief  of  the  irritating  cough  dependent  on 
laryngitis  and  tracheitis,  and  in  cases  of  chronic  bronchitis  when  the 
excessive  cough  is  not  due  to  a  tenacious  and  scanty  expectoration.  It 
may  also  be  given  in  the  night  cough  in  pulmonary  tuberculosis,  especially 
when  the  excessive  cough  is  due  to  irritability  of  the  nerve  centres.  In 
whooping-cough  and  asthma,  prussic  acid  has  been  given,  but  it  is  not  of 
much  service.  In  addition  to  its  slight  sedative  action  on  coughing,  the 
syrup  of  Virginian  prune  is  an  excellent  flavouring  material  for  cough 
mixtures.  Aqua  Laurocerasi  is,  owing  to  evaporation,  of  very  varying 
strength,  and  so  it  is  rarely  used. 

SIDNEY  MARTIN. 
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OLEUM   MORRHU.E,   MALTINE,   OLIVE-OIL,   SOAP, 
GLYCERIN,   CETRARIA. 

OLEUM  MORRHU.E. 
(B.P.  AND  U.S. P.) 

COD-LIVER  OIL  is  extracted  from  the  fresh  liver  of  the  cod  (Gadus  morrhua) 
by  the  application  of  a  moderate  heat  not  exceeding  180°  F.  It  is  a  pale 
yellow,  perfectly  clear  oil,  with  a  peculiar  fishy  odour  and  taste.  It  con- 
sists of  oleiii  and  palmitiii — 7  per  cent,  of  the  former,  and  25  per  cent,  of 
the  latter — as  well  as  some  stearin.  Other  substances  have  been  described 
as  peculiar  to  cod-liver  oil,  and  to  these,  fanciful  names,  such  as  gaduin, 
morrhuin,  etc.,  have  been  given ;  but  the  value  of  cod-liver  oil  as  a 
medicine  does  not  depend  on  these  substances,  but  on  the  fact  that  it  is  a 
fat  which  is  readily  absorbed  and  readily  assimilated. 

Mode  of  administration. — Like  other  fats,  cod-liver  oil  must  be  given 
when  there  is  other  food  in  the  stomach.  Fatty  substances  are  the  last  to 
leave  the  stomach  during  the  process  of  ordinary  digestion.  When  they 
enter  the  duodenum  they  are  partially  saponified,  but  chiefly  emulsified 
by  the  action  of  the  bile  and  pancreatic  juice ;  they  are  absorbed  by  the 
epithelium  of  the  mucous  membrane,  and  the  particles  are  passed  on 
partly  through  the  agency  of  the  leucocytes  into  the  lacteals,  and  so  into 
the  thoracic  duct.  It  is  probable  that  this  process  of  absorption  in  the 
small  intestine  is  facilitated  if  the  oil  is  given  in  the  form  of  emulsion ; 
for  although  during  digestion  in  the  stomach  some  of  the  fat  is  separated 
from  the  emulsion  in  the  form  of  large  drops  of  oil,  yet  many  of  the 
particles  of  oil  are  small,  and  are  therefore  more  readily  emulsified  in  the 
small  intestine.  Similar  remarks  may  be  made  regarding  the  administra- 
tion of  the  oil  with  extract  of  malt.  In  the  stomach  the  maltose  in  the 
malt  is  soon  separated  from  the  oil,  but  the  oil  itself  appears  to  be  more 
readily  emulsified  in  the  small  intestine.  Cod-liver  oil  may  be  given  by 
itself  from  half  to  one  hour  after  a  meal,  and  the  dose  in  which  it  is  to  be 
given  need  not  exceed,  in  the  majority  of  instances,  2  drms.  twice  daily. 
It  is  better  to  commence  with  a  small  dose  of  \  to  1  drm.,  especially  in 
those  who  are  somewhat  intolerant  of  the  oil.  As  a  rule  the  administra- 
tion of  2  drms.  of  the  oil  twice  daily  is  sufficient  to  produce  the  best  effects 
of  the  food.  Larger  doses,  especially  in  the  conditions  under  which  cod- 
liver  oil  is  administered,  are  not  only  liable  to  produce  digestive  disturb- 
ance in  the  stomach,  but  also  some  degree  of  looseness  of  the  bowels,  a 
large  part  of  the  oil  being  passed  out  of  the  body  in  the  faeces.  The 
administration  of  cod-liver  oil  with  extract  of  malt  or  maltine  is  a  useful 
way  in  which  to  give  the  medicine ;  inasmuch  as  such  a  combination  is 
more  readily  assimilated,  and  is  both  a  fatty  and  a  carbohydrate  food.  It 
is  a  combination,  therefore,  which  tends  rapidly  to  improve  the  general 
nutrition  of  the  patient.  Cod-liver  oil  may  also  be  given  in  an  emulsion. 

It  may  also  be  given  with  stimulants  such  as  ether  or  alcohol.  The 
mixture  with  ether  is  the  most  useful,  and  consists  of  cod-liver  oil,  2  drms., 
and  purified  ether,  10  to  20  minims.  This  mixture  is  frequently  better 
borne  than  the  oil  by  itself,  and  the  presence  of  the  ether  no  doubt  causes 
a  passing  stimulation  of  the  movements  of  the  stomach,  whereby  the  ex- 
pulsion of  the  oil  into  the  duodenum  is  facilitated.  It  is  supposed  also  to 
stimulate  the  secretion  of  the  pancreatic  juice,  and  thus  aid  in  the  digestion 
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of  the  oil.  The  oil  is  also  frequently  taken  in  wine  or  with  peppermint 
water — in  the  latter  case  chiefly  to  disguise  the  taste  and  smell.  For 
those  in  whom  the  oil  produces  disagreeable  eructations,  the  following 
mixture,  which  is  in  use  at  the  Brompton  Hospital  for  Consumption,  is 
frequently  of  great  service.  This  consists  of  cod-liver  -oil,  2  drms. ;  liquor 
strychninse,  3  minims;  dilute  phosphoric  acid,  15  minims;  tincture  of 
quassia,  12  minims;  syrup  of  orange,  20  minims;  and  water  to  1  oz. ; 
the  mixture  to  he  well  shaken  before  administration. 

Cod-liver  oil  is  frequently  administered  with  other  drugs.  It  is  given 
witli  an  emulsion  containing  1  per  cent,  each  of  the  hypophosphites  of 
sodium  and  calcium;  or  with  creosote  (l-5  per  cent.),  the  dose  being  1  to 
4  drms. ;  or  as  phosphorated  cod-liver  oil  containing  T^  gr.  of  phosphorus 
in  1  drm. ;  or  with  ammoniated  quinine,  the  mixture  containing  2  grs.  of 
quinine  to  1  oz.  of  cod-liver  oil. 

It  may  be  given  per  rectum  in  nutrient  enemata,  or  by  inunction  in 
infants,  ^  to  1  drm.  being  rubbed  into  the  skin  twice  daily. 

Therapeutics. — Cod-liver  oil  must  be  looked  upon  as  a  fatty  food 
which  is  of  great  use  in  the  treatment  of  disease,  as  it  is  more  readily 
absorbed  into  the  body  than  ordinary  fatty  food.  It  is  useful,  therefore, 
chieliy  in  cases  of  defective  nutrition.  By  its  absorption  it  is  of  use  to 
the  body  as  a  food,  and  also  leads  to  the  deposit  of  fat  in  the  body.  The 
deposition  of  fat,  however,  is  in  the  case  of  cod-liver  oil  evanescent : 
when  the  administration  of  the  oil  is  stopped,  the  excess  of  fat  soon  dis- 
appears, and  much  more  readily  than  when  the  body  is  made  fat  by  ordinary 
animal  fats  or  other  foods.  If  there  is  pronounced  disorder  of  digestion 
in  the  stomach,  or  if  there  is  diarrhoea  or  a  tendency  to  looseness  of  the 
bowels,  the  administration  of  cod-liver  oil  is  inadmissible.  When  there  is 
great  delay  of  food  in  the  stomach,  as  in  cases  of  dilatation  and  of  weakness 
of  the  muscular  wall,  the  oil  remains  a  long  time  in  the  organ,  and  thus 
leads  to  prolonged  discomfort  and  nauseating  eructations,  which  may  end 
in  vomiting.  Again,  the  oil  tends  to  increase  diarrhoea  or  the  tendency 
to  looseness  of  the  bowels,  and  may  of  itself  cause  diarrhoea  if  its  digestion 
in  the  small  intestine  is  imperfect.  In  cases  in  which  cod-liver  oil  is  not 
well  borne,  an  examination  of  the  stools  must  be  made  to  see  whether  the 
oil  is  passed  undigested. 

In  children  in  whom  there  is  defective  nutrition,  either  from  too  rapid 
growth  or  from  the  presence  of  actual  disease,  as  in  rickets,  the  administra- 
tion of  cod-liver  oil  by  itself  or  with  extract  of  malt  is  of  the  greatest 
benefit.  Similarly,  in  the  grave  defects  of  nutrition  which  occur  in 
children  who  are  subject  to  chronic  tonsillitis,  with  or  without  adenoids  or 
bronchitis,  the  administration  of  the  oil,  usually  with  extract  of  malt,  is 
of  great  use  in  aiding  other  treatment.  In  convalescents  from  acute 
disease  at  all  ages,  but  more  especially  in  children,  the  administration  of 
the  oil  is  in  most  instances  a  necessity,  as  by  rapidly  increasing  the  avail- 
able food  reserve  of  the  body,  the  general  nutrition  is  improved  and  the 
convalescent  stage  of  the  disease  is  diminished.  In  chronic  wasting 
diseases,  the  administration  of  cod-liver  oil  is  of  great  benefit;  this  is 
especially  so  in  cases  of  tuberculosis  of  any  part.  Administered  with 
judgment,  the  oil  tends  to  increase  the  resisting  power  of  the  individual 
against  the  extension  of  the  infective  disease,  especially  in  cases  where 
the  patient  cannot  take  a  large  amount  of  food.  In  the  wasting  which  is 
frequently  observed  in  chronic  rheumatism  and  tertiary  syphilis,  it  is  of 
great  use,  as  well  as  in  a  defective  nutrition  occurring  in  old  age  or  in 
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those  whose  health  has  broken  down  with  hard  work  or  worry.  It  is  of 
great  value  in  cases  of  sciatica  with  anaemia  and  wasting,  in  asthma,  and 
in  chronic  disease  of  the  nervous  system.  It  is  useful  in  nasal  catarrh  or 
inflammatory  conditions  of  the  mucous  membrane  of  the  nose,  in  oza-na, 
in  otitis  media,  and  in  bronchitis.  It  is  probable  that  in  bronchitis  the 
best  effects  of  cod-liver  oil  are  seen.  It  is  useful  in  the  chronic  forms : 
during  the  attack  it  aids  the  expectoration  and  improves  the  nutrition  of 
those  patients  who  are  usually  wasted ;  this  is  seen  both  in  children  and 
adults.  It  is  of  great  service  also  in  preventing  or  mitigating  the  attacks 
of  bronchitis  or  bronchial  catarrh  which  occur  so  frequently  in  this  country, 
both  in  children  and  adults,  in  the  spring  and  the  autumn.  By  the  ad- 
ministration of  the  oil  for  a  month  or  so  before  the  attack  usually  begins, 
and  during  the  early  part  of  the  attack,  the  disease  is  greatly  lessened,  and, 
at  any  rate  in  children,  leads  to  its  gradual  subsidence ;  this  is  parti- 
cularly to  be  remarked  in  those  cases  of  bronchitis  in  children  which  are 
associated  with  chronic  tonsillitis  and  adenoids.  If  chronic  tonsillitis  alone 
is  present,  the  careful  administration  of  the  oil  at  these  periods  leads 
eventually  to  the  cure  of  the  bronchitis  and  of  the  tonsillitis. 

It  is  well  to  repeat  that  the  oil  must  be  given  with  judgment.  It  is 
useless  giving  such  large  doses  that  a  greater  portion  of  these  cannot  be 
assimilated.  It  is  not  only  that  the  object  of  the  treatment  is  defeated, 
but  the  presence  of  too  great  a  proportion  of  fatty  matter  in  the  small 
intestine  prevents  the  proper  assimilation  and  digestion  of  the  other  food- 
stuffs, namely,  the  proteids  and  the  carbohydrates.  As  a  rule,  it  may 
be  said  that  the  administration  of  2  to  3  drms.  of  the  oil  twice  daily  is 
the  maximum  amount  to  be  given ;  that  is,  as  much  good  is  obtained 
from  the  administration  of  these  quantities  as  of  the  larger ;  and  even  if 
individuals  can  absorb  \\  to  2  oz.  of  cod-liver  oil  in  the  twenty-four 
hours,  it  is  better  to  give  other  animal  fats,  which  in  these  cases  would 
also  be  capable  of  assimilation. 

MALTED  FOODS. 

EXTRACT  OF  MALT  AND  MALTINE. — Malt  contains  a  powerful  diastatic 
ferment  which  has  already  been  mentioned.  It  is  used  in  the  prepara- 
tion of  various  proprietary  infant  foods ;  the  chief  change  occurring  in 
these  foods  under  its  action  being  the  transformation  of  the  starch  into 
dextrin  and  maltose.  Maltose  is  also  present  in  large  quantity  with  the 
ferment  in  extract  of  malt  and  in  maltine,  both  of  which  are  frequently 
prescribed  in  cases  of  disease.  These  two  latter  preparations  in  this  place 
will  be  discussed  solely  from  the  point  of  view  of  the  amount  of  food-stuff, 
that  is  to  say,  dextrin  and  maltose,  that  they  contain,  the  use  of  diastatic 
ferments  in  disease  being  discussed  on  p.  684.  The  value  of  maltose  as  a 
food  rests  on  the  fact  that  it  is  readily  absorbed  both  in  the  stomach  and 
small  intestine.  It  is  the  final  product  of  the  digestion  of  starch  by  the 
salivary  and  pancreatic  fluids ;  and  it  is  absorbed  by  the  blood  and  lymph 
streams,  undergoing  a  transformation  into  dextrose  during  the  process. 
Maltose  is  not  present  as  such  in  the  tissues. 

To  some  preparations  of  malt  a  little  alcohol  is  added,  and  the  syrupy 
extract  made  more  liquid  for  convenience  of  administration.  The  use  of 
these  preparations  is  limited  to  the  cases  in  which  it  is  important  to  give 
readily  assimilable  carbohydrate  food,  and  their  value  is  to  be  reckoned 
by  the  amount  of  maltose  they  contain.  They  are  of  great  value  in  cases 
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of  wasting,  of  bad  digestion  and  assimilation  of  food,  in  convalescence  from 
acute  disease,  and  in  the  disordered  conditions  produced  by  chronic  disease  ; 
indeed,  for  exactly  those  conditions  in  which  cod-liver  oil  is  given.  Extract 
of  malt  is  often  conveniently  combined  with  cod-liver  oil  in  a  mixture 
containing  about  15  per  cent,  of  the  oil.  The  syrupy  extract  of  malt 
sometimes  produces  nausea,  which  may  be  in  some  cases  overcome  by 
dilution  with  water.  In  some  cases,  and  usually  with  large  doses,  it 
produces  looseness  of  the  bowels,  and  its  administration  may  have  to 
be  withheld  for  this  reason. 

OLEUM  OLIV^E. 
(B.P.  AND  U.S.P.) 

Olive-oil  is  a  pale  yellow,  almost  odourless  oil,  partially  solidifying  at 
about  36°  F.  It  is  the  fixed  oil  obtained  by  expression  of  the  fruit  of  the 
European  olive  (Olea  enropcea) ;  most  ordinary  olive-oil,  however,  is  greatly 
adulterated  with  cotton-seed  oil.  Pure  olive-oil  consists  chiefly  of  olein 
with  a  small  quantity  of  palmitin.  It  enters  largely  into  many  phar- 
macopoeial  preparations  as  a  vehicle  for  drugs,  in  plasters,  liniments,  and 
ointments.  It  is  a  useful  solvent  in  many  applications  to  the  mucous 
membranes  of  the  nose  and  throat ;  for  example,  menthol,  which  is  soluble 
to  the  extent  of  5  to  10  per  cent,  or  more. 

Externally  olive-oil  is  used  to  remove  crusts  in  seborrhoea,  in  psoriasis, 
and  in  eczema,  which  it  does  effectually,  especially  if  the  oil  be  warmed. 
Olive-oil  is  not  suitable  for  application  to  the  conjunctiva,  and  may  cause 
great  irritation  if  so  applied. 

Internally  it  is  a  food,  the  olein  it  contains  being  absorbed  and  de- 
posited in  the  body  as  fat.  It  may  be  given  in  cases  of  irritant  poison- 
ing, except  by  phosphorus,  which  dissolves  in  it ;  but  it  is  not  much  used 
for  this  purpose.  In  large  doses  it  has  been  used  for  constipation,  and  in 
dysentery  and  gall-stones,  the  solution  of  which  it  is  said  to  aid ;  but 
in  both  the  last  cases  this  treatment  is  not  so  effective  as  other  measures. 
When  given  for  gall-stones,  from  4  to  10  oz.  may  be  taken  daily.  It  may 
be  mashed  up  with  potatoes  or  fish,  or  its  taste  may  be  concealed  by  the 
addition  of  a  little  menthol  and  brandy.  Eunatrol,  a  trade  name  for 
pure  oleate  of  sodium,  may  be  given  in  5  gr.  pills  six  times  a  day  for  gall- 
stones. Five  or  6  oz.  of  warm  olive-oil  form  a  useful  aperient  enema. 

SOAP. 

The  British  Pharmacopeia  recognises  hard  soap  made  with  olive-oil 
and  soda,  soft  soap  made  with  olive-oil  and  potash,  and  Sapo  Auimalis 
or  curd  soap,  which  is  chiefly  sodium  stearate.  That  of  the  United  States 
recognises  "  Sapo,"  the  same  as  the  hard  soap  of  the  B.P.,and  "  Sapomollis  " 
which  differs  from  the  soft  soap  of  the  B.P.  in  that  it  contains  linseed-oil. 
It  is  sometimes  called  green  soap.  Hard  soap  is  dry  and  greyish  white 
without  smell.  It  can  be  powdered,  is  soluble  in  rectified  spirit,  and  on 
burning  leaves  an  ash  which  does  not  deliquesce.  It  is  used  chiefly  in 
the  preparation  of  Linimentum  Saponis,  and  of  various  pills.  In  the 
U.S.P.,  soap  liniment  is  used  to  make  Linimentum  Chloroformi. 

Soft  soap  is  yellowish  green,  without  smell,  and  soft;  soluble  in 
rectified  spirit,  and  yields  on  burning  a  deliquescent  ash.  It  is  used  in 
the  preparation  of  Linimentum  Terebmthime  (B.P.).  Although  both  hard 
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and  soft  soap  may  be  administered  as  antacids  in  doses  of  5  to  20  grs.,  yet 
they  are  not,  as  a  rule,  used  for  this  purpose. 

Hard  soap,  besides  its  use  in  the  preparation  of  pills,  is  mixed  with 
water  as  an  enema  for  constipation  in  adults.  The  usual  bulk  of  such  an 
enema  is  10  to  20  fluid  oz.  A  piece  of  soap  inserted  into  the  rectum  is 
useful  for  opening  the  bowels  in  infants.  Although  the  rectal  injection  of 
soap  and  water  is  commonly  used,  it  may  be  doubted  whether  it  is  more 
effective  than  an  injection  of  warm  water  itself,  or  of  the  same  quantity 
of  thin  oatmeal.  Soap  and  water  enemata  in  some  instances  give  rise  to 
an  urticarial  eruption  which  may  repeatedly  occur  in  the  same  individual 
after  each  injection.  It  is  possibly  to  be  ascribed  to  some  irritant  material 
in  one  or  other  of  the  forms  of  soap  sold. 

Soft  soap  is  a  very  irritant  preparation,  inasmuch  as  it  contains  free 
potash.  It  is  useful  for  removing  scales  in  skin  diseases,  or  thick  crusts, 
and  for  washing  the  head  and  hair  in  cases  of  pediculi,  as  it  tends  to 
dissolve  the  adhesion  of  the  nits  to  the  hair  shaft,  and  so  prepares  the  way 
for  the  application  of  an  antiseptic  lotion. 

GLYCEKIN. 
(B.P.  AND  U.S. P.) 

Glycerin  is  a  trihydric  alcohol,  which  always  contains  a  small  propor- 
tion of  water.  It  is  a  clear,  thick,  colourless  liquid,  with  a  very  sweet 
taste  and  without  odour.  It  is  freely  soluble  in  alcohol  and  in  water ;  and 
when  decomposed  by  heat,  it  forms  acrolein,  which  is  very  irritating  to  the 
nose.  Glycerin  is  used  extensively  as  a  vehicle  for  the  solution  of  drugs 
which  are  either  applied  externally,  or  to  mucous  membranes,  or  ad- 
ministered internally.  The  external  applications  are  used  mainly  for  the 
drugs  they  contain,  not  for  the  glycerin.  It  is  a  constituent  also  of  some 
pills  and  liniments.  As  an  application  to  the  skin,  when  diluted,  glycerin 
is  a  demulcent,  and  may  in  these  cases  be  applied  either  in  the  form  of  a 
glycerin  soap  or  as  glycerin  of  starch.  In  Glycerinum  Boracis  and  in 
Mel  Boracis,  glycerin  acts  as  a  demulcent  and  sedative  to  the  mucous 
membranes  of  the  mouth,  throat,  and  pharynx,  tending  to  allay  irritating 
coughs  due  to  acute  or  chronic  inflammation  of  those  parts.  Glycerinum 
Boracis  is  also  of  great  use,  relieving  the  dry  ness  of  the  lips  and  mouth 
which  occurs  in  acute  febrile  disease. 

Internally  administered,  it  acts  as  a  laxative,  and  is  a  useful  drug  in 
combination  with  magnesium  carbonate  or  sulphate,  rhubarb,  and  tincture 
of  belladonna.  In  the  treatment  of  chronic  constipation  in  children  or 
adults,  it  may  be  given  in  the  form  of  enemata  in  drachm  doses,  or  of  sup- 
positories to  relieve  constipation.  Its  action  in  this  respect  is  purely 
local ;  it  acts  as  a  local  irritant  to  the  mucous  membrane,  and  it  attracts 
the  flow  of  water  into  the  lumen  of  the  gut.  Glycerin  forms  part  of 
the  composition  of  ordinary  fats ;  but  it  is  not  a  food  in  the  sense  that  it 
can  be  substituted  for  fatty  foods,  and  it  is  supposed  to  be  to  a  great 
extent  destroyed  in  the  body. 

CETEARIA. 

(U.S.  P.) 

Cetraria,  or  Iceland  Moss,  was  formerly  official  in  the  British  Phar- 
macopoeia, and  is  still  in  that  of  the  United  States.  The  starch  in  it 


DIGESTIVE  FERMENTS.  68 1 

renders  it  a  food,  and  it  is  eaten  as  such  by  the  Lapps  and  Icelanders.  It 
had  some  years  ago  a  reputation  as  a  food  in  tuberculous  affections,  but  it 
has  now  quite  dropped  out  of  use. 

SIDNEY  MARTIN. 


DIGESTIVE  FEEMENTS. 

PEOTEOLYTIC  FERMENTS — PEPSIN,  PANCREATIC  FERMENTS,  PAPAIN. 
Di  A  STATIC  FERMENTS — MALT  DIASTASE,  TAKA  DIASTASE. 

PROTEOLYTIC  FERMENTS. 

PEPSIN  (B.P.  and  U.S.P.). — Its  dose  is  5  to  10  grs.  There  are  two 
official  preparations  of  it — 

1.  Glyceriuum  Pepsini  (B.P.) ;  dose,  \  to  2  drms.    This  contains  gly- 
cerin, hydrochloric  acid,  pepsin,  and  water :   the  strength  of  the  pepsin 
being  1  in  12,  and  of  the  hydrochloric  acid  about  1  in  90. 

2.  Pepsinum  Saccharatum  (U.S.)  contains  1   part  of  pepsin   to  9  of 
milk  sugar. 

There  are  many  unofficial  preparations  of  pepsin,  some  of  which  are 
very  active,  others  are  of  less  service.  The  chief  ferment  of  the  gastric 
juice  is  pepsin,  which  is  the  principal  ingredient  in  the  medicinal  prepara- 
tions of  pepsin.  The  curdling  ferment  (rennin)  which  precipitates  the 
caseinogen  of  the  milk  in  the  form  of  curds  of  casein,  is  present  in  large 
quantity  in  the  mucous  membrane  of  the  stomach  of  young  animals  ;  and 
it  is  usually  prepared  by  extracting  it  from  the  stomach  of  a  calf  with  a 
strong  solution  of  common  salt,  the  preparation  being  known  as  essence 
of  rennet.  This  ferment  and  its  preparation  is,  however,  of  no  known 
value  in  the  treatment  of  disease. 

The  official  pepsin  is  a  light  yellowish  brown  or  white  powder,  or  trans- 
parent grains  or  scales,  which  is  prepared  by  drying,  under  100°  F.,  the 
fresh-minced  lining  of  the  stomach  of  a  pig,  sheep,  or  calf.  It  has  a  faint 
odour,  is  slightly  soluble  in  water,  and  soluble  in  90  per  cent,  alcohol  to 
the  extent  of  1  in  100.  When  mixed  with  water  it  forms  a  glairy  mixture. 
The  best  preparations  are  made  from  the  stomach  of  the  pig.  The  activity 
of  the  powder  should  be  such  as  to  dissolve  2500  times  its  weight  of  hard- 
boiled  white  of  egg. 

Prepared  in  this  way,  a  very  active  pepsin  is  obtained,  and  if  kept  dry 
it  will  retain  its  properties  for  a  long  period.  Some  unofficial  prepara- 
tions consist  of  so-called  soluble  pepsin,  which  is  not  so  active  as  the 
insoluble  variety,  inasmuch  as  a  great  part  of  the  activity  of  the  fer- 
ment is  lost  by  frequent  manipulation  of  the  product.  The  liquid  pre- 
parations of  pepsin  are,  when  freshly  made,  very  active,  and  the  official 
preparation  is  no  doubt  the  most  useful  mixture,  inasmuch  as  it  is  acid, 
and  contains  preservative  glycerin.  Other  liquid  preparations  are  also 
active,  such  as  the  liquor  pepticus  (Benger),  in  which  the  solvent  is  weak 
spirit,  and  the  dose  1  to  2  drms. ;  and  the  vinum  pepsini,  which  is  a 
similar  solution  of  the  ferment  in  wine,  the  dose  being  the  same. 

PANCREATIC  FERMENTS. — The  two  chief  ferments  contained  in  the  pan- 
creatic juice  are  trypsin,  which  is  a  proteolytic  ferment,  and  amylopsin, 
which  is  the  pancreatic  diastase.  Two  other  ferments  are  described :  the 
curdling  ferment,  which  curdles  milk,  and  the  emulsive  ferment,  which 
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emulsifies  and  partially  saponifies  fats.     Neither  of  these  are,  perhaps,  of 
great  importance  in  disease.     The  only  official  preparations  are — 

1.  Liquor   Pancreatis   (B.P.);    dose,    1    to   2   drms.      It   is   made    by 
extracting  the  fresh  pancreas  of  the  pig  with  dilute  alcohol.     A  similar 
preparation  is  made  by  Benger  under  the  name  of  liquor  pancreaticus. 
Both  solutions  are  actively  proteolytic  and  amylolytic. 

2.  Pancreatinum  (U.S.P.) ;  dose,  2  to  4  grs.     This  is  a  yellowish  white 
amorphous  powder,  which  is  active  in  digesting  starch  and  proteids.     It 
is  almost  completely  soluble  in  water  and  insoluble  in  alcohol. 

PAPAIN. — Papayotin;  dose,  1  to  8  grs.  This  is  a  proteolytic  ferment, 
obtained  in  the  crude  state  from  the  dried  juice  of  the  fruit  of  the  papaw 
(Carica  papaya).  It  is  an  active  proteolytic  ferment,  and  acts  more  like 
pancreatin  than  pepsin,  inasmuch  as  it  can  split  up  the  peptones  into 
leucin  and  tyrosin.  It  is  most  active  in  alkaline  and  neutral  media ;  but 
to  some  extent  digests  in  acid  media.  It  is  best  given  in  the  form  of 
powder.  It  is  sometimes  prescribed  as  lozenges  and  sometimes  dissolved 
in  glycerin. 

Therapeutics. — The  uses  of  the  proteolytic  ferments,  pepsin,  paii- 
creatin,  and  papain,  in  diseased  conditions  may  be  placed  under  three 
headings — (1)  They  may  be  administered  to  aid  digestion  in  conditions  in 
which  there  is  a  deficient  secretion  of  the  normal  ferment  in  the  stomach 
and  in  the  small  intestines ;  (2)  the  pancreatic  ferments  are  used  for  pre- 
digesting  food ;  (3)  they  have  been  used  as  applications  in  diphtheria  for 
the  solution  or  digestion  of  the  false  membrane.  This  last  use  may  be 
dismissed  as  only  of  historical  interest. 

Proteolytic  ferments  are  administered  in  disorders  of  the  stomach  to 
supply  the  deficiency  in  the  amount  of  pepsin  secreted.  As  a  rule  they  are 
administered  very  indiscriminately,  and  the  reports  as  to  their  valuable 
effects  are  on  the  whole  illusory.  The  pancreatic  ferments  are  destroyed  in 
the  stomach,  in  the  presence  of  hydrochloric  acid  and  pepsin.  Their  admini- 
stration, therefore,  in  cases  where  there  is  an  active  secretion  of  hydrochloric 
acid  during  digestion,  is  useless.  In  functional  disorders  of  the  stomach, 
when  there  is  a  diminution  of  secretion,  the  amount  of  hydrochloric  acid 
is  first  affected,  and  later  on  the  pepsin  may  diminish  as  well,  or  even 
disappear.  In  some  cases  the  disappearance  of  pepsin  is  accompanied  by 
the  secretion  of  inactive  pepsinogen,  which  requires  only  free  acid  to 
change  it  into  active  pepsin.  The  practical  point  is,  therefore,  that 
pepsin  is  never  diminished,  unless  the  secretion  of  hydrochloric  acid  is 
also  affected;  and  as  digestion  is  only  possible  in  the  presence  of  this 
acid,  it  is  useless  to  give  it  alone  to  supply  deficiency  of  secretion.  It 
must  be  given  with  dilute  hydrochloric  or  nitro-hydrochloric  acid.  The 
stomach  conditions  in  which  pepsin  as  well  as  hydrochloric  acid  is  dimin- 
ished or  absent  are — 

(1)  Gastric  insufficiency  ;  (2)  gastric  catarrh  in  the  acute  stage,  or  in 
the  later  stages  of  the  chronic;  (3)  atrophy  of  the  mucous  membrane, 
either  primary  or  following  catarrh ;  (4)  in  the  later  stages  of  chronic 
ulcer  associated  with  prolonged  gastric  insufficiency  or  catarrh  ;  (5)  carci- 
noma ventriculi,  due  to  the  invasion  of  the  mucous  membrane  by  the 
new  growth,  to  the  degeneration  of  the  glands,  or  to  the  effects  of  catarrh 
of  the  mucous  membrane ;  (6)  in  cases  of  prolonged  dilatation  of  the 
stomach,  from  whatever  cause. 

General  conditions  or  diseases  other  than  those  of  the  stomach,  may 
also  lead  to  a  great  diminution  in  the  amount  of  pepsin  and  hydrochloric 
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acid  secreted.  This  frequently  occurs  in  pulmonary  tuberculosis;  in 
chronic  Bright's  disease ;  in  the  cachexia  of  malignant  disease ;  in  pro- 
found amemia,  such  as  pernicious  amwnia ;  and  in  prolonged  febrile 
conditions. 

It  is  by  no  means  advisable  in  all  the  cases  enumerated  to  give  pepsin 
in  order  to  supply  the  deficiency  in  the  secretion :  some  of  the  cases  are 
more  suitable  for  predigested  food.  The  administration  of  pepsin  must  be 
guided  by  the  consideration  as  to  whether  the  recovery  of  the  gastric 
functions  is  possible.  In  such  cases,  although  it  may  be  necessary  to 
administer  acids,  pepsin  is  unnecessary,  inasmuch  as  it  is  not  deficient  to  so 
great  an  extent  as  the  acid.  Its  administration  tends  somewhat  to  delay 
recovery  of  the  gastric  functions  in  such  cases  as  those  of  gastric  in- 
sufficiency not  due  to  any  serious  disease  (such  as  pulmonary  tuberculosis 
and  chronic  Bright's  disease),  but  occurring  only  in  the  convalescence  of 
acute  disease.  By  improving  the  general  health  and  by  a  suitable  dietary, 
the  stomach  soon  resumes  its  ordinary  functions.  When,  however,  the 
diminished  function  of  the  stomach  is  due  to  an  associated  serious  disease, 
the  administration  of  pepsin  and  hydrochloric  acid  may  be  advisable,  in 
order  to  enable  the  patient  to  digest  sufficient  food.  Such  cases  not  un- 
commonly occur  in  the  course  of  progressive  pulmonary  tuberculosis ;  of 
chronic  renal  disease ;  or  of  pernicious  anaemia.  Again,  when  there  is 
permanent  damage  to  the  mucous  membrane  of  the  stomach,  as  in  the 
atrophic  changes  subsequent  to  catarrh  or  in  the  changes  that  occur  in 
cancer  of  the  stomach,  the  administration  of  pepsin  is  advisable  with  the 
food.  This  may  also  be  done  in  severe  cases  of  dilatation  of  the  stomach 
without  bacterial  fermentation ;  but  it  is,  as  a  rule,  not  the  best  treatment, 
some  form  of  predigested  food  being  preferable.  The  administration  of 
pepsin  is  best  confined  to  those  cases  in  which  there  can  be  no  recovery, 
and  there  is  permanent  damage  to  the  secretory  mucous  membrane. 

Although  in  acute  and  subacute  catarrh  the  secretion  of  the  gastric 
juice,  both  as  regards  pepsin  and  hydrochloric  acid,  may  cease ;  yet  it  is 
not  good  treatment  to  give  the  ferment  in  these  cases.  By  other  means 
complete  recovery  of  the  function  is  possible ;  and  the  object  of  treatment 
in  such  cases  is  to  permit  as  little  digestion  in  the  stomach  as  is  possible 
with  a  resting  condition,  or  to  permit  none  at  all  in  the  severer  cases. 
The  mucus  which  is  present  in  the  stomach  is  not  digested  by  pepsin 
under  any  conditions. 

The  administration  of  pepsin  is  therefore  very  limited  in  its  applica- 
tion. This  is  much  more  the  case  with  regard  to  pancreatin;  and  the 
indiscriminate  manner  in  which  the  pancreatic  ferments-  are  given  shows 
a  total  disregard  of  the  properties  of  the  ferment.  The  medicinal  pre- 
parations of  the  pancreas  cannot  digest  proteids  in  an  acid  medium :  it 
acts  only  slowly  on  them  in  a  neutral  one,  being  most  active  in  the  presence 
of  an  alkali,  such  as  sodium  carbonate.  If  pancreatin  is  given  for  its 
proteolytic  effect  in  the  stomach,  it  is  useless  to  give  it  if  the  food  during 
digestion  becomes  acid  by  the  secretion  of  hydrochloric  acid ;  since  it  does 
not  pass  into  the  duodenum  and  become  active  there  in  the  presence  of 
the  alkaline  bile  and  pancreatic  juice,  because  it  is  destroyed  in  the  stomach 
by  the  action  of  the  gastric  juice,  and  by  the  pepsin  as  much  as  by  the 
acid.  It  is  therefore  of  no  use  whatever  to  administer  pancreatin,  even 
with  a  moderate  secretion  of  gastric  jiiice  during  digestion.  In  cases, 
however,  of  permanent  deficiency  in  secretion  of  the  gastric  juice,  it  may 
be  administered  with  alkaline  carbonates,  and  may  possibly  aid  digestion 
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in  the  stomach  or  in  the  duodenum ;  but,  again,  such  cases  are  best  treated 
by  some  form  or  other  of  predigested  food. 

Although  pancreatin  may  be  given  in  the  same  classes  of  cases  as 
pepsin,  its  value  in  promoting  digestion  in  the  stomach  can  only  be  a 
matter  of  accident ;  that  is,  it  can  only  occur  if  there  is  no  hydrochloric 
acid  present.  It  has  been  suggested,  in  order  to  avoid  the  action  of  the 
gastric  juice  on  the  ferment,  that  it  should  be  given  in  capsules  coated 
with  keratin,  a  substance  which  is  undissolved  by  the  gastric  juice,  but  is 
capable  of  digestion  by  the  pancreatic  juice.  Apart  from  the  fact,  how- 
ever, that  these  keratin  capsules  are  not  infrequently  passed  unchanged 
per  rectum,  if  the  pancreatic  juice  is  strong  enough  to  digest  the  keratin, 
it  is  strong  enough  to  digest  the  food  in  the  duodenum.  The  use  of 
pancreatic  ferments  is  best  reserved  for  the  preparation  of  peptonised 
food.  What  has  been  said  about  pepsin  and  pancreatin  applies  also  to 
papain.  Papain,  however,  is  not  so  sensitive  to  the  reaction  of  the  medium 
in  which  it  acts  as  either  pepsin  or  pancreatin. 

The  administration  of  active  proteolytic  ferments  in  disease  has,  we 
thus  see,  a  limited  scope.  In  ordinary  cases  of  gastric  disorder  they  are 
unnecessary,  although  there  is  no  doubt  that  the  use  of  pepsin  after  or 
with  meals,  even  in  simple  cases  of  disorder  of  the  stomach,  tides  the 
patient  over  a  period  of  distress  in  indigestion.  This  is,  however,  a  habit 
which  is  to  be  discountenanced,  since  the  cause  of  the  disorder  can  in  most 
cases  be  discovered  either  in  irregularities  of  diet  or  in  the  mode  of  life, 
and  can  be  remedied  by  rational  treatment. 


DIASTATIC  FERMENTS. 

MALT  DIASTASE. — This  is  developed  in  malted  barley.  It  is  an  active 
ferment,  destroyed  at  a  boiling  heat,  and  converts  starch  into  dextrin 
and  maltose.  It  acts  most  efficiently  at  a  temperature  of  140°  F.  Malt 
powder,  which  is  the  powdered  flour  of  malt,  is  used  in  the  preparation  of 
many  patent  infant  foods,  as  well  as  in  the  preparation  of  extract  of  malt 
and  maltine  (see  p.  678). 

TAKA  DIASTASE. — This  is  a  whitish  powder,  acting  like  malt  diastase, 
and  obtained  from  the  cultivation  of  a  fungus  (Eurotium  oryzce)  on  bran. 
Its  dose  is  1  to  5  grs. 

The  administration  of  diastatic  ferments  in  disease  has  a  still  more 
limited  application  than  that  of  proteolytic  ferments.  In  most  cases, 
where  it  is  supposed  that  the  diastatic  ferment  of  the  pancreatic  juice  is 
deficient  in  amount,  there  is  only  a  functional  disorder  of  the  stomach, 
which  in  the  majority  of  cases  is  not  associated  with  a  diminution  in  the 
amount  of  hydrochloric  acid,  but  more  commonly  with  an  increase  in  the 
secretion  of  acid.  Diastatic  ferments  do  not  act  in  an  acid  medium. 
The  swallowed  saliva,  which  is  taken  into  the  stomach  with  a  mixed 
meal,  acts  in  that  organ  for  half  or  three-quarters  of  an  hour  during  the 
first  part  of  digestion.  After  that  period  the  ferment  ceases  to  act,  and 
is  destroyed.  In  most  cases,  therefore,  the  administration  of  diastatic 
ferments  in  disease  is  of  little  value,  and  the  great  value  attached  to  them 
rests  on  the  fact  that  they  are  useful  agents  in  producing  predigested 
foods  (see  "  Extract  of  Malt,"  p.  678). 

SIDNEY   MARTIN. 
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SUBSTANCES  USED  CHIEFLY  FOR  MECHANICAL,  FLAVOUR- 
ING, OR  COLOURING  PROPERTIES. 

A.  SUBSTANCES  USED  AS  BASES  FOR  OINTMENTS  OR  FOR  OTHER 
MECHANICAL  PROPERTIES. 

PAHAFFINUM  DURUM  (B.P.),  PETROLATUM  SPISSUM  (U.S.P.),  hard  paraffin, 
ozokerit,  ceresin. — A  colourless,  semi-crystalline,  wax-like  substance  ob- 
tained from  the  higher  boiling  fractions  of  the  tar  resulting  from  the 
destructive  distillation  of  cannel  coal  and  shale  :  melting  point,  130°  to 
135°  F. ;  sp.  gr.,  0'820  to  0'940. 

PARAFFINUM  MOLLE  (B.P.),  PETROLATUM  MOLLE  (U.S.P.),  soft  paraffin, 
vaseline,  paraffin  jelly. — A  mixture  of  solid  and  liquid  hydrocarbons 
obtained  by  distillation  from  petroleum.  The  solid  portion  should  be 
entirely  free  from  crystalline  structure.  The  alcoholic  solution  should  be 
perfectly  neutral.  Melting  point,  96°  to  102°  F. ;  sp.  gr.,  0'840  to  0'870. 

PARAFFINUM  LIQUIDUM  (B.P.),  PETROLATUM  LIQUIDUM  (U.S.P.),  liquid 
paraffin. — A  clear  oily  liquid,  chiefly  obtained  from  higher  boiling  frac- 
tions of  solar  oil,  and  from  petroleum.  The  B.P.  requires  a  sp.  gr.  of  not 
less  than  O'SSo.  As  a  matter  of  fact  it  is  almost  impossible  to  procure  it 
of  this  density,  and  it  would  be  too  viscous  for  use  in  atomisers.  The 
sp.  gr.  should  range  from  about  O870  to  0-880. 

The  paraffins  have  emollient  properties,  and  are  characterised  by  great 
stability,  hence  their  value  as  ointment  bases.  The  most  generally  useful 
admixture  is  the  pharniacopoaial  Unguentum  Paraffini  (B.P.).  For  the 
sake  of  uniformity,  ointments  containing  coloured  ingredients  should  be 
prepared  with  the  yellow  variety  of  soft  paraffin,  all  others  with  the 
white.  The  paraffins  are  soluble  in  or  miscible  with — ether,  chloroform,  oil 
of  turpentine,  and  the  fixed  volatile  oils.  On  the  other  hand,  the  melted 
paraffins  dissolve — phenol,  aristol,  camphor,  creosote,  iodol,  menthol, 
eucalyptol,  thymol,  salol,  and  all  the  metallic  and  alkaloidal  oleates. 

Ointments  prepared  with  a  paraffin  basis  are  only  absorbed  with  great 
difficulty ;  they  are  therefore  not  suitable  as  bases  for  drugs  intended  for 
absorption.  In  cold  climates  the  pharmacopceial  Unguentum  Paraffini 
(B.P.)  is  too  hard,  while  in  the  tropics  it  is  too  soft.  To  meet  this 
variation  of  temperature,  the  proportion  of  hard  paraffin  may  be  reduced  or 
increased  according  to  necessity.  Kaposi's  dressing  is  prepared  by  melting 
1  part  of  lead  plaster  with  an  equal  weight  of  soft  paraffin.  This  modi- 
fication of  Hebra's  unguentum  diachyli  keeps  almost  indefinitely,  \vhile  the 
latter  spoils  in  a  few  days. 

Liquid  paraffin  is  largely  used  as  a  basis  for  nasal  spray  applications, 
especially  for  the  exhibition  of  such  drugs  as  menthol,  thymol,  eucalyptol, 
morphine  and  cocaine.  Soft  paraffin  in  the  form  of  an  emulsion  has  been 
much  vaunted  as  a  substitute  for  cod-liver  oil.  It  is  probable  that  at  the 
best  it  only  acts  as  a  lubricant  and  protective,  careful  experiment  having 
shown  that  it  is  excreted  entirely  unchanged.  It  may  be  prescribed 
thus : — Soft  white  paraffin,  2  oz. ;  powdered  acacia,  6  drms. ;  syrup  of 
tolu,  \\  oz. ;  cinnamon  water  to  8  oz.  Dose,  \  oz.  to  1  oz. 

BENZINUM  (U.S.P.),  benzin. — A  purified  distillate  from  American 
petroleum,  consisting  of  hydrocarbons  chiefly  of  the  marsh  gas  series. 
It  is  used  in  the  arts  as  a  solvent,  and  in  pharmacy  to  deprive  powdered 
drugs  of  their  fixed  oil  by  percolation. 
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ADEPS  (B.P.  and  U.S.P.),  lard,  axungia.  The  purified  fat  from  the 
abdomen  of  the  hog,  Sus  scrofa.  Fusing  point  about  100°  F.  It  should 
give  no  reaction  for  common  salt,  and  should  be  perfectly  free  from  unconi- 
bined  fatty  acids.  Lard  is  soluble  in  ether,  benzol,  carbon  disulphide, 
chloroform,  oil  of  turpentine,  and  all  volatile  oils.  As  met  with  in  com- 
merce it  is  frequently  rancid,  or  contains  considerable  quantities  of 
common  salt;  in  both  cases  it  is  unfit  for  medicinal  use. 

Pure  lard  is  one  of  the  very  best  emollients.  Its  application  to  the 
skin  is  followed  by  a  pleasant  feeling  of  softness  and  flexibility,  while 
the  readiness  with  which  it  is  absorbed  makes  it  one  of  the  most  valuable 
of  ointment  bases.  In  addition,  lard  has  been  used  with  some  success  as 
a  soothing  enema  in  dysentery,  as  well  as  for  inunction  in  chest  affections. 
As  an  aid  to  friction  lard  is  occasionally  used  by  professional  rubbers, 
but  is  less  useful  for  this  purpose  than  genuine  neat's-foot  oil. 

The  following  substances  are  soluble  in  melted  lard — phenol,  aristol, 
camphor,  iodol,  creosote,  menthol,  thymol,  salol,  ichthyol,  and  all  alkaloidal 
and  metallic  oleates,  and  all  essential  oils.  In  hot  weather,  or  when  it  is 
required  to  introduce  a  large  proportion  of  an  essential  oil,  lard  may  be 
stiffened  by  the  addition  of  10  to  20  per  cent,  of  prepared  suet  without 
impairing  its  power  of  penetrating  the  skin. 

OLEUM  ADIPIS  (U.S.P.),  or  lard  oil,  is  official  in  the  United  States. 

ADEPS  BENZOATUS  (B.P.),  ADEPS  BENZOINATUS  (U.S.P.),  benzoated  lard. 
—Prepared  by  digesting  prepared  lard  with  benzoin,  when  it  takes  up 
benzoic  acid  and  traces  of  essential  oil.  As  the  benzoin  is  only  introduced 
as  a  preservative,  it  might  with  great  advantage  be  replaced  by  oil  of 
cloves  or  oil  of  gaultheria  in  the  proportion  of  3  drops  to  the  oz.  (adeps 
odoratus). 

Benzoated  lard  has  an  irritating  effect  upon  tender  skins,  and  is  especi- 
ally unsuitable  for  eye  ointments. 

ADEPS  LAN^E  (B.P.),  wool  fat ;  anhydrous  lanolin. — The  purified 
cholesterin  fat  obtained  from  sheep's  wool ;  melting  point  104°  to 
112°  F.  Strictly  speaking,  wool  fat  is  not  a  fat,  as  it  is  not  a  glyceride, 
neither  does  it  form  soaps  when  boiled  with  aqueous  solutions  of  the 
alkalies. 

Wool  fat,  although  greasy  to  the  touch,  is  too  sticky  for  use  by  itself 
as  an  ointment  base.  The  objection  may  be  overcome  by  mixing  it  with 
an  equal  weight  of  soft  paraffin.  Eubbed  on  the  skin  it  is  rapidly  absorbed, 
but  instead  of  producing  a  pleasant  feeling  of  softness,  it  creates  a  sense  of 
tension.  Such  is  the  rapidity  with  which  absorption  takes  place,  that  if 
an  ointment  containing  £  per  cent,  of  mercuric  chloride  is  rubbed  into  the 
palm  of  the  hand,  a  metallic  taste  is  almost  at  once  perceived  in  the 
mouth. 

ADEPS  LAN/K  HYDROSUS  (B.P.  and  U.S.P.),  hydrous  wool  fat,  lanolin.— 
Wool  fat  containing  30  per  cent,  of  water.  It  is  less  tenacious  than 
pure  wool  fat,  and  is  generally  more  suitable  as  an  ointment  basis.  Its 
emollient  properties  are  enhanced  by  the  incorporation  of  2  per  cent,  of 
glycerin,  or  50  per  cent,  of  soft  paraffin.  Ointments  prepared  with 
hydrous  wool  fat  gradually  become  brown  on  the  surface  owing  to  loss 
of  water,  otherwise  they  do  not  materially  deteriorate  by  keeping.  Hydrous 
wool  fat  is  specially  indicated  for  the  exhibition  of  mercury,  mercurial  salts, 
and  the  metallic  iodides. 

Lanolin  milk  and  lanolin  cream  are  very  pleasant  for  chapped  hands 
and  rough,  dry  skin. 
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Lanolin  Milk.  Lanolin  Cream. 

Lanolin         .         .         .         .4  dnus.  ,  Lanolin  .         .         .         .     1  oz. 
Powdered  soap      .         .      - ,  i     1  drm.    j  Soft  paraffin,  white .         .     1 


Rose  water      .         .         .1  fluid  oz. 

M. 


Glycerin        .         .  1 

Rose  water  to        .         .        , .     4  oz. 

M. 

SEVUM  PR/EPARATUM  (B.P.  and  U.S.P.),  prepared  suet;  sevum. — The 
purified  internal  fat  of  the  abdomen  of  the  sheep,  Ovis  aries.  Melting 
point  about  114°  F.,  when  freshly  prepared,  but  old  samples  may  not 
melt  below  120°  F.  Fresh  suet  is  bland  and  emollient;  if  required  to  be 
kept  for  any  length  of  time,  it  should  be  preserved  by  the  addition  of 
three  or  four  drops  to  the  oz.  of  clove  oil  or  oil  of  gaultheria.  Suet  finds 
its  principal  employment  in  hardening  ointments  for  absorption  (e.g. 
Unguentum  Hydrargyri). 

CETACEUM  (B.P.  and  U.S.P.),  spermaceti. — The  solid  portion  of  the  oil 
obtained  from  the  head  of  the  sperm  whale,  Physeter  macrocephalus ; 
melting  point,  114°'8  to  122°  F. 

Spermaceti  may  be  obtained  in  powder  by  trituration  with  a  little 
alcohol,  and  is  sometimes  used,  mixed  with  an  equal  weight  of  talc,  as  a 
dusting  powder  for  the  feet  to  prevent  friction.  Spermaceti  emulsion, 
having  the  following  formula,  is  occasionally  given : — Powdered  spermaceti, 
2  drms. ;  yolk  of  one  egg ;  syrup  of  orange,  4  drms. ;  cinnamon  water 
to  4  oz. — M.  The  pharniacopceial  spermaceti  ointment  contains  benzoin 
as  a  preservative.  This,  as  remarked  under  Adeps  benzoatus,  seriously 
detracts  from  its  emollient  properties,  and  altogether  unfits  it  for  use  in 
eye  ointments. 

CERA  FLAVA  (B.P.  and  U.S.P.),  yellow  beeswax. — A  secretion  of  the 
working  bee,  Apis  mcllijica,  supposed  to  be  derived  from  the  sugar  on 
which  the  insect  feeds.  Beeswax  consists  principally  of  ceryl  and  myricyl 
palmitates,  associated  with  a  yellow  colouring  matter  and  odorous  principle  ; 
sp.  gr.,  0-960  to  0-970 ;  melting  point,  144°-5  to  147°  F. 

Beeswax  is  credited  with  emollient  properties,  but  is  chiefly  used  in 
medicine  to  give  consistence  to  ointments  and  plasters.  It  keeps  excel- 
lently, and,  unlike  hard  paraffin,  exhibits  no  tendency  to  separate  from 
fats  or  oils  with  which  it  may  be  melted. 

CERA  ALBA  (B.P.  and  U.S.P.),  white  beeswax. — Only  differs  from  yellow 
wax  in  the  fact  that  the  colouring  and  odorous  principles  have  been  re- 
moved by  long  exposure  to  light  and  moisture,  or,  more  detrimentally,  by 
chemical  agents.  It  is  difficult  to  understand  why  this  substance,  which 
is  usually  slightly  rancid,  is  retained  in  the  Pharmacopoeia.  Ointments 
required  for  inunction  may  be  hardened  with  suet  or  stearin,  but  certainly 
not  with  beeswax,  which  is  absolutely  unabsorbent.  Ointments  required 
as  dressings  and  not  for  inunction,  are  better  stiffened  with  hard  paraffin, 
or  at  any  rate  yellow  beeswax. 

ACIDUM  OLEICUM  (B.P.  and  U.S.P.),  oleic  acid. — A  straw-coloured  liquid 
obtained  by  hydrolising  the  olein  of  fats  and  oils.  The  odour  is  nearly 
always  slightly  rancid,  and  on  dissolving  in  90  per  cent,  alcohol,  small 
quantities  of  stearic  and  palmitic  acids  separate.  Oleic  acid  is  introduced 
into  spirituous  and  other  liniments  as  an  aid  to  friction.  It  dissolves 
metallic  oxides  and  alkaloids,  forming  oleates  which  are  readily  soluble  in 
fats,  and  thereby  rendered  more  potent  for  local  application. 

Four  minims  of  oleic  acid  dissolve  1  gr.  of  any  of  the  other  following 
alkaloids: — Morphine,  aconitine,  veratrine,  cocaine,  and  atropine. 
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OLEUM  SESAMI  (U.S.P.),  sesarni  oil,  or  benne  oil,  is  a  fixed  oil  contain- 
ing 70  per  cent,  of  olein.  It  is  used  by  Persians  and  Egyptians  as  a  food, 
and  as  an  external  application  for  keeping  the  skin  soft. 

ICHTHYOCOLLA  (U.S.P.),  isinglass,  is  the  swimming  bladder  of  Aci- 
penscr  huso.  It  has  no  special  medicinal  properties,  and  is  used  to  cover 
court  plaster. 

LYCOPODIUM  (U.S.P.)  is  defined  as  the  spores  of  Lycopodium  clavatum. 
It  occurs  as  a  fine  inodorous,  tasteless  powder.  It  is  used  in  the  rolling 
of  pills,  to  prevent  their  adhesion  when  formed. 

B.  FLAVOURING  AGENTS. 

GLUSIDUM  (B.P.),  gluside,  glucusimide,  saccharin. — Gluside  (benzoyl 
sulphonicimide)  is  a  white  crystalline  intensely  sweet  body,  derived  from 
toluene.  Solubility,  1  in  410  cold  water,  1  in  30  boiling  water,  1  in  30 
alcohol  90  per  cent.,  1  in  50  glycerin.  Gluside  is  much  more  soluble  in 
dilute  alkalies ;  in  fact,  a  compound  of  saccharin,  with  10  per  cent,  sodium 
bicarbonate,  is  sold  as  "  soluble  saccharin." 

Gluside  is  chiefly  used  as  a  substitute  for  sugar  in  diabetes,  or  when- 
ever sugar  is  contra-indicated.  It  is  most  conveniently  supplied  in  i  gr. 
compressed  tablets,  one  of  which  generally  suffices  to  sweeten  a  cup  of 
tea  or  coffee.  For  sweetening  mixtures,  Elixir  Saccharini  (Brit.  Pharm. 
Conf.)  may  be  used.  It  is  made  thus : — Gluside,  480  grs. ;  sodium 
bicarbonate,  240  grs ;  90  per  cent,  alcohol,  2^  fluid  oz. ;  distilled  water  to 
20  fluid  oz.  Dose  5  to  20  minims. 

In  addition  to  the  foregoing,  gluside  is  largely  employed  in  mouth 
washes,  both  as  a  flavouring  agent  and  as  an  antiseptic,  either  alone  or 
combined  with  tincture  of  quillaia,  peppermint,  etc. 

AMYGDALA  AMARA  (B.P.  and  U.S.P.),  bitter  almond. — The  ripe  seed  of 
Prunus  amygdala,  var.  amara.  Bitter  almonds  are  shorter  and  broader 
than  the  sweet  variety,  and  are  only  official  as  a  source  for  almond  oil,  of 
which  they  yield  40  to  45  per  cent.  An  emulsion  of  bitter  almond  is  a 
favourite  ingredient  in  cough  mixtures. 

OLEUM  AMYGDALA  AMARJE  (U.S.P.),  volatile  oil  of  bitter  almond. — The 
volatile  oil  does  not  pre-exist  'in  the  seed,  but  results  from  the  inter- 
action of  a  ferment  emulsin  with  a  glucosidal  body,  amygdalin.  It  contains 
varying  proportions  of  hydrocyanic  acid,  and  is  exceedingly  poisonous.  On 
exposure  to  air  it  undergoes  oxidation,  benzoic  acid  being  formed. 

A  saturated  solution  of  the  oil  is  sometimes  employed  in  place  of 
aqua  laurocerasi,  but  the  chief  use  is  in  perfumery,  and  as  a  flavouring 
agent  in  the  manufacture  of  cordials,  sweetmeats,  etc.  One  drop  is 
sufficient  to  scent  an  ounce  of  ointment. 

AMYGDALA  DULCIS  (B.P.  and  U.S.P. ),  sweet  almond. — The  ripe  seed  of 
Prunus  amygdalus,  var.  dulcis.  Sweet  almonds  yield  from  40  to  45  per 
cent,  fixed  oil,  but  as  the  seeds  do  not  contain  emulsin,  no  volatile  oil  is 
formed  on  macerating  the  press  cake  with  water.  Like  the  bitter  variety, 
their  chief  use  in  medicine  is  in  cough  mixtures.  Mistura  Amygdalae 
(B.P.)  and  Emulsum  Amygdala  (U.S.P.)  are  both  pleasant  preparations. 

OLEUM  AMYGDALA  (B.P.),  almond  oil;  Oleum  Amygdalae  Expressum 
(U.S.P.). — The  oil  expressed  from  the  bitter  or  sweet  almond.  Yield, 
40  to  45  per  cent. ;  sp.  gr.,  0'915  to  0-920.  Almond  oil  does  not  solidify 
until  cooled  below  4°  F. 

Medicinal  properties. — Emollient,  demulcent,  and  laxative.     Emulsified 
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with  acacia  it  forms  a  soothing  cough  mixture.  Thus: — Almond  oil, 
1  fluid  oz. ;  powdered  acacia,  2  drms. ;  syrup  of  tolu,  4  drms, ;  chloroform 
water  to  4  oz.  Dose,  1  drm.  to  3  drms. 

Almond  oil  is  largely  used  in  ointments,  producing  a  whiter  prepara- 
tion than  olive-oil.  As  an  application  to  the  hair  it  is  especially  useful, 
imparting  a  glossy  appearance  without  the  tendency  to  clog  that  is  caused 
by  the  use  of  castor-oil  or  glycerin. 

GLYCYRRHIZ^E  EADIX  (B.P.  and  U.S.P.),  liquorice  root. — The  peeled  root 
and  subterranean  stem  of  Glycyrrhiza  glabra,  and  other  species.  Liquorice 
root  is  demulcent  and  expectorant,  but  it  is  chiefly  used  as  an  expectorant, 
especially  in  mixtures  containing  alkalies.  Given  with  decoction  of  linseed 
or  barley,  it  is  said  to  allay  thirst  in  febrile  affections,  and  is  serviceable 
in  certain  irritable  conditions  of  the  bladder.  A  good  demulcent  drink 
is  compound  decoction  of  liquorice,  made  thus: — Liquorice  root,  1  oz.; 
linseed,  i  oz.;  distilled  water,  30  fluid  oz.  Boil  down  to  a  pint,  and  flavour 
with  a  little  syrup  of  lemon. 

Analagous  demulcent  drinks  are: — Infusion  of  salep  (1  in  1000); 
decoction  of  couch  grass  (1  in  20);  decoction  of  pearl  barley  (1  in  20). 
Extractum  Glycyrrhizne  Liquidum  (B.P.),  and  Extractum  Glycyrrhizw 
Fluid um  (U.S.P.)  may  be  used  for  flavouring  agents.  Hardened  extract 
of  liquorice,  commonly  known  as  Spanish  juice,  is  a  popular  remedy  for 
tickling  cough. 

LIMONIS  CORTEX  (B.P.  and  U.S.P.),  lemon  peel. — The  fresh  outer  part 
of  the  pericarp  of  the  ripe  fruit  of  Citrus  medica,  var.  limonum.  A  light 
tonic  and  flavouring  agent.  Used  in  tincture  of  lemon  (B.P.)  and  Spiritus 
Limonis  (U.S.P.),  and  in  several  infusions  and  syrups. 

Succus  LIMONIS  (B.P.  and  U.S.P.),  lemon  juice. — The  freshly  expressed 
juice  of  the  ripe  fruit  of  C.  medica,  var.  limonum.  Largely  diluted,  lemon 
juice  is  used  as  a  beverage  in  febrile  affections,  scurvy,  and  acute  rheumatism. 
Dose,  1  drm.  to  1  oz.  A  fluid  oz.  of  lemon  juice  contains  from  30  to  40 
grs.  citric  acid. 

Effervescing  mixhires. — A  fluid  drachm  of  lemon  juice  requires  for 
neutralisation  about  5  grs.  of  sodium  bicarbonate  or  6  grs.  of  potassium 
bicarbonate,  producing  about  10  to  12  grs.  of  citrate. 

OLEUM  LIMONIS  (B.P.  and  U.S.P.),  oil  of  lemon. — A  volatile  oil  pre- 
pared by  expression  from  the  fresh  peel  of  C.  medica,  var.  limonum.  Car- 
minative and  tonic ;  chiefly  used  as  a  flavouring  agent  in  aerated  drinks 
and  sweetmeats,  and  in  perfumery.  Sp.  gr.,  0-857  to  0-860 ;  optical 
rotation  not  less  than  +  60°.  Adulteration  with  oil  of  turpentine  lowers 
this  figure,  while  it  increases  the  fraction  distilling  below  173°  C.,  which 
should  not  be  over  25  per  cent. 

Lemon  oil  deteriorates  on  keeping.  When  fresh  it  is  soluble  in  twelve 
parts  of  90  per  cent,  alcohol.  Owing  to  the  comparative  insolubility  in 
weak  alcohol,  and  the  rapidity  with  which  it  oxidises  on  keeping,  manufac- 
turers have  sought  to  overcome  the  difficulty  by  removing  the  terpene,  which 
is  present  to  the  extent  of  about  90  per  cent.  Terpeneless  oil  of  lemon  may 
be  kept  for  a  very  long  time  without  change ;  it  is  soluble  in  weak  alcohol. 

AURANTII  CORTEX  EECENS  (B.P.),  fresh  bitter  orange  peel. — The  fresh 
outer  part  of  the  pericarp  of  C.  aurantium,  var.  bigaradia.  A  light  tonic 
and  stomachic  bitter.  Useful  to  cover  the  taste  of  nauseous  medicines. 
The  fresh  peel  can  only  be  obtained  from  January  to  March.  Tinctura 
Aurantii  (B.P.),  Syrupus  Aromaticus  (B.P.),  Syrupus  Aurantii  (B.P.),  and 
Vinum  Aurantii  (B.P.)  are  all  made  from  fresh  bitter  orange  peel.  Syrupus 
44 
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Aromaticus  (B.P.)  corresponds  very  nearly  with  Elixir  Aromaticus  (U.S.P.), 
and  is  an  excellent  flavouring  agent. 

AURANTII  CORTEX  SICCATUS  (B.P.),  dried  orange  peel. — The  dried  outer 
part  of  the  pericarp  of  C.  aurantium,  var.  bigaradia.  Used  in  the  pre- 
paration of  Infusum  Aurantii  (B.P.)  and  Infusum  Aurantii  Compositum 
(B.P.),  and  to  flavour  many  tinctures. 

AURANTII  AMARI  CORTEX  (U.S.P.),  bitter  orange  peel. — The  rind  of  the 
fruit  of  C.  vulgaris.  It  is  used  to  prepare  Extractum  Aurantii  Amari 
Fluidum  (U.S.P.)  and  Tincture  Aurantii  Amari  (U.S.P.). 

AURANTII  DULCIS  CORTEX  (U.S.P. ),  sweet  orange  peel. — The  rind  of  the 
fresh  fruit  of  C.  aurantium  is  used  to  prepare  Syrupus  Aurantii  (U.S.P.) 
and  Tinctura  Aurantii  Dulcis  (U.S.P.). 

AQUA  FLORIS  AURANTII  (B.P.),  the  same  as  Aqua  Aurantii  riorum 
(U.S.P.),  orange  flower  water. — Orange  flower  water  of  commerce,  diluted 
immediately  before  use  with  twice  its  volume  of  water  (B.P.);  an  equal 
volume  (U.S.P.).  The  orange  flower  water  of  commerce  is  supposed  to  be 
a  saturated  solution  of  the  essential  oil  of  bitter  orange  flowers  in  water. 
Used  in  the  preparation  of  syrup  of  orange  flowers  (B.P.  and  U.S.P.).  The 
flavour  is  somewhat  sickly. 

OLEUM  AURANTII  CORTICIS  (U.S.P.),  a  volatile  oil  obtained  by  expres- 
sion from  the  fresh  peel  of  the  bitter  or  sweet  orange.  It  is  used  to 
make  Spiritus  Aurantii  (U.S.P),  Spiritus  Aurantii  Compositus  (U.S.P.),  and 
Spiritus  Myrciee  (U.S.P.). 

OIL  OF  ORANGE  FLOWERS. — Obtained  by  distilling  the  flowers  with 
water.  The  best  kind,  known  as  oil  of  neroli,  is  obtained  from  the  flowers 
of  the  bitter  orange.  Oil  of  Portugal,  distilled  from  sweet  orange  flowers,  is 
of  less  value.  Oil  of  petit  grain,  an  oil  distilled  from  the  leaves,  has  a 
totally  distinct  odour  from  the  foregoing,  but  all  three  are  used  in 
perfumery.  One  drop  of  oil  of  neroli  with  one  drop  of  otto  of  rose  imparts 
a  pleasant  perfume  to  an  ounce  of  pomade  or  simple  ointment.  Eau  de 
Cologne,  a  perfumed  spirit  of  great  repute,  owes  its  virtues  chiefly  to  oils  of 
the  citrus  family. 

RUBUS  ID.'EUS  (U.S.P.). — The  raspberry  is  used  to  make  the  Syrupus 
Rubi  Idrei  (U.S.P.),  an  excellent  flavouring  preparation. 

RUBUS  (U.S.P.).— The  bark  of  the  root  of  the  blackberry.  The  U.S.P. 
allows  it  to  be  obtained  from  Rubus  villosus,  R.  canadensis,  and  R.  trivialis. 
A  fluid  extract  is  official.  Blackberry  root  is  credited  with  virtues  in 
mild  diarrhoea. 

VANILLA  (U.S.P.). — The  fruit  of  Vanilla  planifolia,  of  which  a  tincture 
is  official  (U.S.P.).  It  is  to  some  people  a  pleasant  flavouring  agent. 

SACCHARUM  PURIFACTUM  (B.P.  and  U.S.P.),  refined  sugar,  sucrose. — A 
crystallised  sugar  obtained  from  the  juice  of  the  sugar-cane.  Good  sugar 
should  be  in  pure  white  crystals,  dissolving  in  half  their  weight  of  water 
to  a  clear  colourless  syrup.  Inferior  sugar  has  a  yellowish  tinge,  which 
the  makers  seek  to  neutralise  by  the  addition  of  ultramarine  or  other 
colouring  matter.  Such  sugar  yields  a  yellowish  solution,  from  which  the 
colouring  matter  deposits  on  standing.  The  use  of  sugar  containing  ultra- 
marine is  very  objectionable,  as  the  addition  of  acids  to  the  syrup  causes 
evolution  of  hydrogen  sulphide. 

Sugar  is  used  in  medicine  as  a  preservative,  and  to  cover  the  taste  of 
nauseous  preparations.  It  forms  the  principal  basis  of  lozenges  and  gum 
pastilles. 

SYRUPUS  (B.P.  and  U.S.P.).— Syrup  is  made  (B.P.)  by  dissolving  2  parts 
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of  cane  sugar  in  1  part  of  distilled  water;  8  parts  by  weight  of  sugar 
dissolved  in  4  parts  of  water  weigh  12  parts  but  only  measure  9  fluid 
parts.  A  pound  avoirdupois  of  syrup  measures  12  fluid  oz.  The  sp.  gr. 
of  this  is  1-33 ;  the  sp.  gr.  of  the  syrup  (U.S.P.)  is  1-317. 

SYEUPUS  GLUCOSI  (B.P.),  syrup  of  glucose. — A  mixture  of  1  part  of 
commercial  glucose  and  2  parts  of  syrup.  It  is  only  used  as  a  pill 
excipient.  A  more  useful  combination  is  glucanth  (see  Tragacanth). 
Commercial  glucose  frequently  contains  from  25  to  40  per  cent,  of  dextrin. 

MEL  DEPURATUM  (B.P.  and  U.S.P.),  clarified  honey. — Honey  of  com- 
merce, which  has  been  purified  by  melting  and  straining  through  flannel. 
When  quite  fresh,  honey  is  slightly  laxative.  Its  demulcent  properties 
render  it  useful  in  cough  mixtures  and  gargles  (see  Mel  Eosje).  Formerly 
it  was  employed  in  confections. 

EOS^E  GALLICS  PETALA  (B.P.  and  U.S.P.),  red  rose  petals. — The  fresh 
and  dried  petals  of  Rosa  gallica.  Inf  usum  Eosse  Acidum  (B.P.)  is  a  pleasant 
astringent  useful  for  relaxed  throat.  It  is  also  an  admirable  colouring 
agent.  It  should  not  be  prescribed  with  borax  or  alkalies. 

MEL  EOS.E  (U.S.P. ). — A  preparation  of  fluid  extract  of  roses  (U.S.P.) 
with  honey.  Useful  in  gargles. 

AQUA  Eos.*;  (B.P.  and  U.S.P.).  Eose  water  is  prepared  by  distilling  the 
flowers  of  E.  damascena  with  water.  The  British  Pharmacopoeia  describes 
the  saturated  aqueous  solution  obtained  in  the  distillation  of  otto,  and 
directs  it  to  be  diluted  with  twice  its  volume  of  water  before  dispensing. 
It  is  a  matter  for  regret  that  a  preparation  of  British  manufacture  was  not 
made  official,  as  roses  of  excellent  quality  are  largely  grown  in  this 
country.  Eose  water  is  used  in  lotions,  rarely  in  mixtures,  as  the  flavour 
is  somewhat  sickly. 

OLEUM  EOS^E  (B.P.  and  U.S.P.),  oil  of  rose ;  otto. — The  oil  distilled  from 
the  fresh  flowers  of  R.  damascena.  Oil  of  rose  is  one  of  the  sweetest  and 
most  powerful  of  perfumes.  One  drop  is  sufficient  to  scent  an  ounce  of 
ointment.  Combined  with  coumarin,  it  partially  disguises  the  odour  of 
iodoform.  Thus :— lodoform,  98  parts ;  coumarin,  1  part ;  oil  of  rose,  1 
part. 

C.  COLOURING  AGENTS. 

CROCUS  (B.P.  and  U.S.P.),  saffron.  The  dried  stigmas  and  tops  of  the 
styles  of  Crocus  satimis.  The  U.S.P.  does  not  recognise  the  styles.  Saffron 
is  employed  solely  as  a  colouring  agent.  The  taste  is  far  from  pleasant, 
and  it  has  been  omitted  from  several  preparations  into  which  it  formerly 
entered.  The  official  preparation  is  the  tincture  (B.P.  and  U.S.P.). 
Saffron  is  sometimes  prescribed  in  the  form  of  a  syrup,  which  is,  however, 
prone  to  deposit.  Squire  suggests  a  glycerinum  croci  prepared  as  follows : 
— Saffron,  1 ;  glycerin,  20 ;  90  per  cent,  alcohol,  20.  Digest  for  seven 
days  and  filter. 

PTEROCARPI  LIGNUM  (B.P.) ;  SANTALUM  EUBRUM  (U.S.P.),  red  sandal  or 
sanders  wood. — The  heart  wood  of  Pterocarpus  santalinus.  Used  solely  as 
a  colouring  agent.  The  red  colouring  principle  is  freely  soluble  in  strong 
alcohol,  but  only  slightly  in  water.  Tinctura  Lavandulte  Composita  (B.P. 
and  U.S.P.),  which  is  made  from  several  aromatic  carminatives  and  red 
sanders  wood,  is  much  used  to  colour  mixtures.  Fats  and  fixed  oils  may 
be  coloured  red  by  digestion  with  ALKANET  EOOT  (not  official),  Anchusa 
tinctoria.  It  is  commonly  made  use  of  for  colouring  lip  salves  and  similar 
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toilet  preparations.  It  should  be  noted  that  the  colour  is  changed  to  blue 
by  alkalies. 

RHCEADOS  PETALA  (B.P.),  red  poppy  petals. — The  fresh  petals  of  Papaver 
rhceas.  Syrupus  Rhoeados  (B.P.)  is  only  employed  as  a  colouring  agent. 
It  finds  its  chief  use  in  cough  mixtures. 

Coccus  (B.P.  and  U.S.P.),  cochineal. — The  dried  fecundated  female 
insect  Coccus  cocti.  Cochineal  is  only  of  value  as  a  colouring  agent.  The 
red  principle,  carmine,  which  is  soluble  in  both  alcohol  and  water,  is  used 
as  an  indicator  in  alkalimetry.  It  is  turned  purple  red  by  alkalies  and 
alkaloids,  and  yellow  by  acids.  Tincture  of  cochineal  (B.P.)  is  of  little 
value  even  as  a  colouring  agent.  A  more  useful  preparation  is  ammoniacal 
solution  of  carmine,  made  thus: — Carmine,  30  grs. ;  sol.  ammonia,  150 
minims ;  distilled  water  to  1  fluid  oz.  Carmine  is  much  used  for  tinting 
zinc  oxide  lotions  for  the  face.  A  general  formula  is : — Zinc  oxide,  2  drms. ; 
carmine,  1  gr. ;  powdered  ochre,  5  grs. ;  glycerin,  1  drm. ;  rose  water  to  8  oz. 


D.  SUBSTANCES  USED  ON  ACCOUNT  OF  THEIR  ODOUR. 

SAMBUCI  FLORES  (B.P.  and  U.S.P.),  Aqua  Sambuci  (B.P.)  (see  p.  572). 
—Elder  flower  water  is  obtained  by  distilling  the  flowers  with  water.  It 
has  a  pleasant  odour,  and  is  used  in  collyria  and  lotions  for  the  skin. 
Unguentum  Florum  Sambuci,  elder  flower  ointment,  is  made  by  digesting 
the  fresh  flowers  with  pure  fat.  It  is  a  pleasant  emollient  preparation. 
Green  elder  ointment,  a  household  remedy  for  burns,  is  prepared  by 
digesting  fresh  elder  leaves  in  lard. 

OLEUM  EOSMARINI  (B.P.  and  U.S.P.)  (see  p.  563)  is  used  to  scent 
lotions. 

OLEUM  BERGAMOTT.*:  (U.S.P.),  oil  of  bergamot,  is  a  volatile  oil  obtained 
by  expression  from  the  rind  of  the  fresh  fruit  of  Citrus  bergamia.  This  oil, 
so  well  known  as  a  perfume,  may  be  used  to  scent  ointments. 

OLEUM  MYRCIA  (U.S.P.)  is  a  volatile  oil  distilled  from  the  leaves  of 
Myrcia  acris.  It  is  used  solely  to  make  the  agreeable  perfume,  bay  rum 
(Spiritus  Myrciae,  U.S.P.),  which  contains  oil  of  myrcia,  oil  of  orange  peel, 
oil  of  pimento,  alcohol,  and  water. 

SOUTHERNWOOD  WATER  (not  official)  is  a  pleasantly  odorous  distilled 
water  obtained  from  the  fresh  plant  of  Artemisia  abrotanicum.  It  is 
used  for  similar  purposes  to  elder  flower  water. 


E.  EMULSIFYING  AGENTS. 

TRAGACANTHA  (B.P.  and  U.S.P.),  tragacanth. — A  gummy  exudation 
obtained  from  Astragalus  gummifer,  known  in  commerce  as  Syrian  traga- 
canth. Unlike  acacia,  its  mucilage  is  turned  blue  by  iodine.  Tragacanth 
is  demulcent,  but  is  chiefly  used  to  suspend  insoluble  powders  in  mixtures. 
Glycerin  of  tragacanth  (B.P.)  is  used  as  a  pill  excipient,  but  is  apt  to 
render  the  pills  hygroscopic.  The  following  preparation  is  more  generally 
useful  as  an  excipient : — Tragacanth,  1 ;  glycerin,  1 ;  water,  1 ;  commercial 
syrupy  glucose,  7.  This  is  commonly  called  glucanth.  As  an  agent  for 
suspending  insoluble  powders,  2  oz.  of  the  mucilage  of  tragacanth  (B.P. 
and  U.S.P.)  or  12  grs.  of  powdered  tragacanth  are  sufficient  for  an  8  oz. 
mixture.  Being  almost  insoluble  in  water,  tragacanth  is  of  less  value  than 
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acacia  as  an  emulsifying  agent.     The  following  examples  will,  however, 
typify  its  use  for  this  purpose : — 


Emulsion  of  a  Fixed  Oil. 

Emulsion  of  a  Volatile  Oil. 

Emulsion  of  Chloroform. 

Take  of— 
Cod-liver  oil         .      4  driiis. 
Powdered      traga- 
canth         .         .    48  grs. 
Spirit  of  chloroform  1  dm. 
Cinnamon  water  to     8  oz. 

Dose,  2  drms.  to  8  drms. 

Take  of— 
Oil  of  turpentine    .   l^drms. 
Powdered       traga- 
canth          .         .15  grs. 
Syrup  of  tolu         .     4  drms. 
Chloroform  water  to    4  oz. 

Dose,  1  drm.  to  4  drms. 

Take  of— 
Chloroform     .     30  minims. 
Oil  of  almonds      .     4  drms. 
Powdered     traga- 
canth        .         .   10  grs. 
Powdered  acacia        1  drm. 
Distilled  water  to       4  oz. 

Dose,  1  drm.  to  2  drms. 

Pulvis  Tragacanthje  Compositus  (B.P.)  is  a  mixture  of  tragacanth, 
acacia,  sugar,  and  starch.  The  merits  of  this  compound  are  not  apparent, 
as  when  tragacanth  is  used  as  a  suspending  agent,  acacia  is  contra-indicated, 
while  it  can  scarcely  be  introduced  as  an  emulsifying  agent. 

ACACLE  GUMMI  (B.  P.  and  U.  S.  P.),  gum  acacia,  gum  arabic. — A  gummy 
exudation  from  the  stem  and  branches  of  Acacia  Senegal.  Gum  acacia  is 
a  valuable  demulcent.  The  clear  white  tears  allowed  to  dissolve  slowly  in 
the  mouth  allay  tickling  cough.  One  part  dissolved  in  30  of  water  and 
flavoured  with  syrup  of  lemon  forms  a  pleasant  demulcent  drink.  It  is, 
however,  chiefly  used  in  medicine  in  the  manufacture  of  lozenges,  and  for 
emulsifying  oils  and  resinous  drugs.  It  is  not  so  useful  as  tragacanth  for 
suspending  insoluble  powders,  as  it  has  a  tendency  to  form  cements  which 
can  only  be  dispersed  with  difficulty ;  therefore  tragacanth,  and  not  acacia, 
should  always  be  used  to  suspend  bismuth  salts. 

One  part  of  powdered  acacia  or  2  parts  of  mucilage  of  acacia  will 
emulsify — 

4  parts  of  a  fixed  oil. 

2  to  3      ,,       ,,    volatile  oil. 

3  to  4      ,,       ,,     solid  fat  or  oleo-resin. 
6  to  8      „       „    resinous  tincture. 

The  following  are  examples  of  its  use  : — 


Emulsion  of  a  Fixed  Oil. 

Emulsion  of  a  Volatile  Oil. 

Take  of— 
Cod-liver  oil        ... 
Powdered  acacia 
Spirit  of  chloroform    . 
Cinnamon  water  to 

.     4  oz. 
.     1  oz. 
.     1  drm. 
.     8  oz. 

Take  of— 
Oil  of  turpentine 
Powdered  acacia 
Syrup  of  tolu 
Chloroform  water  to 

1£  drm. 
40  grs. 
2  drms. 
4  oz. 

Copaiba  Emulsion. 

Emulsion  of  a  Resinous  Tincture. 

Take  of— 
Copaiba    .... 
Powdered  acacia 
Spirit  of  chloroform  . 
Cinnamon  water  to    . 

1  oz. 
.     3  drms. 
.     1  drm. 
.     8oz. 

Take  of— 
Ammoniated  tincture  guaiacum 
Mucilage  of  acacia     .         . 
Distilled  water  to      ... 

4  drras. 
l£  drm. 
8  oz. 
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MUCILAGO  ACACIA  (B.P.  and  U.S.P.)  contains  about  1  part  of  gum  in 
2  parts  of  mucilage.  In  hot  weather  it  is  apt  to  turn  sour,  when  it  loses 
much  of  its  value  as  an  emulsifying  agent.  Indeed,  it  is  almost  impossible 
to  emulsify  some  oleo-resins  or  volatile  oils  with  acid  mucilage.  Mucilage 
made  with  tolu  water  or  half  strength  clove  water  may  be  kept  for  a  long 
tune  without  change. 

AMYLUM  (B.P.  and  U.S.P.),  starch;  the  starch  prepared  from  wheat, 
maize,  and  rice  (B.P.),and  from  maize  only  (U.S.P.).  Mucilage  of  starch  is 
very  commonly  used  as  a  basis  for  enemata.  The  objection  to  its  use  to 
suspend  medicines  is  that  it  keeps  badly.  Starch  is  used  to  dilute  dusting 
powders  and  insufflations.  A  glycerin  of  starch  is  official  (B.P.  and 
U.S.P.). 

ALTH/EA  (U.S.P.). — The  root  of  Althcea  officinalis  contains  much  mucilage, 
and  is  a  very  popular  demulcent  for  sore  throats ;  sometimes  it  is  used  as 
a  poultice  or  as  an  excipient  for  soft  pills. 

ULMUS  (U.S.P. ). — The  inner  bark  of  Ulmus  fulva,  the  slippery  elm, 
contains  much  mucilage.  The  decoction  is  a  popular  demulcent. 

CHONDRUS  (U.S.P.). — Chondrus,  or  Irish  moss,  contains  much  gum; 
has  been  used  as  a  demulcent  and  an  emulsifying  agent. 


F.  VARIOUS  AGENTS  USED  FOR  BASES  OR  FOR  SPECIAL  PROPERTIES. 

GOSSYPIUM  (B.P.  and  U.S.P.),  cotton-wool. — The  hairs  of  the  seed  of 
the  cotton  plant,  Gossypium  barbadense,  and  other  species  of  gossypium. 

Two  kinds  of  cotton-wool  are  met  with  in  commerce — the  absorbent 
and  the  non-absorbent.  The  absorbent,  which  differs  from  the  non-absorb- 
ent in  being  free  from  oil,  alone  is  official. 

Medicated  cotton- wool  and  cotton  fabrics,  such  as  lint,  gauze,  etc.,  are 
largely  used  for  surgical  dressings.  Those  containing  scheduled  poisons 
are  usually  coloured  with  an  aniline  dye.  The  following  is  a  list  of  the 
medicated  cottons  in  general  use,  with  the  strength  of  active  ingredient  :— 

COTTON  OR  GAUZE  WITH 

Sal  alembroth  .         .         .      i|>J/'  .  .  .2  per  cent. 

Mercury  and  zinc  cyanide     .         .  .  .  .3  per  cent. 

Boric  acid    .  .         .         .         .  .  .  .10  and  40  per  cent. 

Salicylic  acid  .......     5  per  cent. 

Carbolic  acid  .         .  .  .  .  .     5  per  cent. 

lodoform      .  .         .         ••','''•  •  •  •     ^>  10,  and  50  per  cent. 

Thymol        .  .../.'        .         .  V,  .  .     2  per  cent. 

Iodine  .  .         .         .   ,      .  ,  .5  per  cent. 

lodol  .         .  .         i      *  i         .  .  .  .5  and  50  per  cent. 

PYROXYLINUM  -(B.P.  and  U.S.P.),  pyroxylin,  dinitrocellulose. — Prepared 
from  absorbent  cotton  by  the  action  of  a  mixture  of  nitric  and  sulphuric 
acids.  When  dry  it  is  soluble  in  acetone,  and  in  a  mixture  of  equal  parts 
of  90  per  cent,  alcohol  and  ether.  From  it  is  prepared— 

COLLODIUM  (B.P.  and  U.S.P.),  which  is  a  solution  of  pyroxylin  in  ether 
and  alcohol.  When  a  small  proportion  of  castor-oil  and  Canada  balsam  is 
added,  it  constitutes  Collodium  Flexile  (B.P.  and  U.S.P.).  The  value  of 
collodium  depends  chiefly  upon  the  fact  that  on  evaporation  it  leaves  a 
film  of  pyroxylin  which  is  insoluble  in  water.  It  is  chiefly  used  as  a  pro- 
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tective  covering  for  fresh  wounds,  and  for  painting  over  bandages  to 
render  them  waterproof.  It  is  also  used  to  prevent  the  pitting  of  small- 
pox. It  may  be  medicated  with  cantharides  (Collodium  Vesicans  (B.P.) ; 
Collodium  Cantharidatum  (U.S.P.)),  or  with  tannic  acid,  when  it  forms 
Collodium  Stypticum  or  styptic  colloid  (U.S.P. ). 

Collodium  salicylicum  (not  official)  is  an  application  for  corns,  and  for 
removing  thickened  epidermis.  It  consists  of  10  parts  of  salicylic  acid 
and  2  parts  of  extract  of  Indian  hemp  in  88  of  collodion. 

CAOUTCHOUC  (B.P.),  indiarubber,  is  the  prepared  milk  juice  of  ffevea 
brasiliensis.  It  is  used  to  make  charta  sinapis,  and  for  many  well-known 
purposes. 

OLEUM  THEOBROMATIS  (B.P.  and  U.S.P.),  oil  of  theobroma,  cacao  butter. 
— A  concrete  oil  obtained  by  heat  and  pressure  from  the  seeds  of  Theobroma 
cacao.  Used  almost  entirely  as  a  basis  for  suppositories.  It  softens  about 
80°  F.,  and  melts  between  88°  and  93°  F.  In  hot  climates,  or  when  volatile 
oils  are  introduced,  cacao  butter  may  be  hardened  by  the  addition  of  5  to 
10  per  cent,  beeswax  (melting  point,  about  145°  F.),  or  preferably  by  the 
addition  of  10  to  30  per  cent,  of  mutton  suet  (melting  point,  about 
115°  F.).  In  cold  climates,  Squire  recommends  cocoanut  stearin  as  a 
basis.  It  is  an  exceedingly  bland  and  unctuous  solid ;  melting  point,  about 
84°  F. 

ACIDUM  STEAKICUM  (U.S.P.)  is  used  in  the  manufacture  of  glycerin 
suppositories.  Combined  with  sodium  carbonate,  an  exceedingly  hard  soap 
is  formed,  which  is  capable  of  taking  up  90  per  cent,  of  glycerin  without 
becoming  unduly  soft. 

QUILLAIA  CORTEX  (B.P.  and  U.S.P.),  quillaia  bark,  Panama  bark. — The 
inner  part  of  the  bark  of  Quillaia  saponaria. 

Quillaia,  on  account  of  its  soapy  nature,  may  be  used  to  aid  the  diffusion 
of  oils  and  other  insoluble  bodies,  but  the  fact  that  it  contains  such  a 
powerful  body  as  saponiu  is  an  objection  to  its  internal  employment.  It 
is  chiefly  used  as  an  ingredient  in  hair  lotions.  It  is  doubtful  if  the 
pharinacopceial  tincture  (B.P.  and  U.S.P.)  presents  the  drug  in  its  most 
useful  form.  Hairdressers,  who  employ  it  largely  for  shampooing,  use  an 
aqueous  decoction  (1  in  20).  This  latter  produces  an  excellent  lather. 
For  what  is  known  as  dry  shampooing,  a  combination  similar  to  the  follow- 
ing is  used : — Soft  soap,  1  drm. ;  solution  of  ammonia,  4  drms. ;  powdered 
borax,  1  drm. ;  decoction  of  quillaia  (1  in  20)  to  10  oz.  Tincture  of  quillaia 
has  been  recommended  as  an  expectorant,  but  its  use  requires  caution,  for 
although  allied  to  senega  in  its  properties  it  is  a  powerful  irritant  (see 
p.  743). 

GELATINUM,  gelatin  (B.P.). — The  air-dried  product  of  the  action  of 
boiling  water  on  animal  tissues,  as  skin,  bones,  tendons,  etc.  Aqueous 
solution  of  gelatin  is  incompatible  with  tannic  acid ;  it  is  not,  how- 
ever, precipitated  by  solution  of  alum,  lead  acetate,  or  ferric  chloride. 
Gelatin  is  used  as  a  basis  for  suppositories  and  pastilles,  as  a  coating  for 
pills,  and  as  a  protective  covering  in  certain  diseases  of  the  skin.  For 
pastilles  the  most  useful  basis  is  the  following : — 

Gelatin       ......     1    oz.^j 

Glycerin  by  weight      .         .  -.     2|  oz.  [coloured  with  carmine. 

Orange  flower  water    .         .         .         .     2|  oz.J 

With  the  above  preparation,  called  gly co-gelatin,  pastilles  can  be  made 
extemporaneously  with  almost  any  ingredient,  the  only  directions  to  the 
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dispenser  being  the  weight  of  medicament  and  of  basis  for  each : — Thus, 
cocaine  pastille :  take  of  cocaine  hydrochloride,  ^  gr. ;  glyco-gelatin,  30 
grs. 

As  a  covering  for  the  skin,  the  zinc-gelatins  devised  by  Unna  have 
received  a  wide  application.  Those  in  most  frequent  use  are — 

Zinc-gelatin  with  ichthyol     ......  1-5  per  cent. 

,,  carbolic  acid       .....  1-3       ,, 

„  sulphur      ......         5       „ 

„  resorcin      ......         2       „ 

These  are  sent  out  in  £  in.  cubes.  Before  applying  they  are  melted  by 
placing  the  containing  vessel  in  boiling  water ;  after  painting  over  the 
affected  surface  the  medicament  is  at  once  covered  with  a  layer  of  cotton- 
wool and  allowed  to  set.  As  a  rule  it  is  easily  stripped  off,  but  should 
there  by  any  difficulty  it  may  be  removed  with  warm  water. 

MASTICHE  (U.S.P.),  a  resinous  exudation  from  Pistacia  lentiscus,  is  only 
used  as  a  temporary  stopping  for  teeth. 

BENZOL  (B.P.),  benzol,  benzene. — A  mixture  of  homologous  hydro- 
carbons, obtained  by  distillation  from  light  coal-tar  oil.  It  contains  about 
70  per  cent,  benzene  C6H6 ;  sp.  gr.,  from  0'880  to  0*888.  It  is  a  solvent  of 
caoutchouc.  Benzol  must  be  distinguished  from  benzine,  a  mixture  of  the 
lower  members  of  the  paraffin  series  of  hydrocarbons.  Sp.  gr.,  from  0*670 
to  0-700. 

CARBONIS  BISULPHIDUM  (B.P.  and  U.S.P.). — Carbon  bisulphide  may  be 
prepared  by  direct  combination  of  carbon  and  sulphur.  Sp.  gr.,  1*268  to 
1-269 ;  boiling  point,  from  114°'8  to  1160>6  F.  For  medicinal  purposes, 
carbon  disulphide  should  be  free  from  dissolved  sulphur  and  hydrogen 
sulphide.  If  either  of  these  is  present,  the  liquid  possesses  a  foetid  instead 
of  an  ethereal  odour.  Its  principal  use  is  as  a  solvent  for  phosphorus,  sulphur, 
and  in  the  preparation  of  liquor  caoutchouc. 

SAPO  ANIMALIS  (B.P.),  curd  soap. — Soap  made  with  sodium  hydroxide 
and  animal  fat,  consisting  principally  of  stearin.  Sparingly  soluble  in  cold, 
freely  soluble  in  hot  water. 

SAPO  DURUS  (B.P.  and  U.S.P.),  hard  soap. — Principally  sodium  oleate ; 
made  by  saponifying  olive-oil  with  sodium  hydroxide.  Soluble,  1  in  20 
cold  water,  almost  entirely  soluble  in  90  per  cent,  alcohol.  Powdered  hard 
soap  is  frequently  given  in  pill  form.  It  possesses  both  laxative  and 
antacid  properties;  for  habitual  constipation,  a  5  gr.  pill  every  night  is 
after  a  time  frequently  attended  with  beneficial  results.  A  lather  made  of 
either  hard  or  soft  soap  forms  a  common  enema.  Its  bulk  is  about  a 
pint. 

SAPO  MOLLIS  (B.P.  and  U.S.P.),  soft  soap. — Principally  potassium 
oleate ;  made  by  saponifying  olive-oil  with  potassium  hydroxide.  Soluble 
in  half  its  weight  of  90  per  cent,  alcohol.  Soft  soap  is  largely  used  in  lini- 
ments as  an  aid  to  friction.  Dissolved  in  an  equal  weight  of  alcohol,  it  is 
an  excellent  emulsifying  agent  for  volatile  oils,  tar,  etc.  Thus  a  mixture 
of  1  part  each  of  Stockholm  tar,  soft  soap,  and  alcohol,  poured  into  water, 
produce  a  perfect  emulsion,  which  is  most  useful  for  applying  tar  in  the 
form  of  a  bath.  For  other  uses  of  soaps,  see  p.  679. 

E..W.   LUCAS. 
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DRUGS    WHICH    ARE   PHARMACOLOGICALLY,   THERAPEUTI- 
CALLY,  AND  PHARMACEUTICALLY  UNIMPORTANT. 

GUAIACI  LIGNUM,  GUAIACI  RESINA. 
(B.P.  ANI>  U.S.P.)      (B.P.  AND  U.S.  P.) 

GUAIACUM  WOOD  is  dark  greenish  brown  in  colour,  dense,  hard,  and  heavier 
than  water.  Its  taste  when  chewed  is  acrid,  and  when  heated  its  odour 
is  somewhat  aromatic.  It  is  a  prominent  constituent  in  the  Liquor  Sarsae 
Compositus  Concentratus  (see  p.  699). 

The  resin  is  usually  met  with  in  large  masses,  and  in  more  or  less 
rounded  tears,  which  are  externally  of  a  deep  green  or  olive  colour,  and 
internally  they  are  red.  A  solution  in  alcohol  (90  per  cent.)  assumes  a 
blue  colour  on  the  addition  of  diluted  test  solution  of  ferric  chloride. 

The  resin  of  guaiac  enters  into  the  composition  of  the  celebrated  com- 
pound antimony  pills,  or  "  Plummer's  pills,"  now  official  under  the  titles 
of  Pilula  Hydrargyri  Subchloridi  Composita  (B.P.)  and  Pilula  Antimonii 
Coniposita  (U.S.P.). 

A  confection,  or  electuary  (not  official),  known  as  the  "  Chelsea  Pen- 
sioner," has  been  highly  esteemed  in  military  hospitals  in  the  treatment 
of  chronic  rheumatism.  Scudamore  used  the  following  formula : — Flowers 
of  sulphur,  2  oz. ;  cream  of  tartar,  1  oz. ;  powdered  rhubarb,  2  oz. ;  guaiac 
resin,  1  drm. ;  clarified  honey,  1  Ib. ;  and  one  finely  powdered  nutmeg. 
The  ingredients  being  carefully  mixed,  two  large  tablespoonfuls  are  to  be 
taken  each  night  and  morning.  J.  M.  Fothergill  suggested  a  combination 
in  which  arsenic  took  the  place  of  sulphur — arsenious  acid,  3  grs. ;  resin  of 
guaiac  in  powder,  3  drrns. ;  powdered  capsicum,  |  drm. ;  pill  of  aloes  and 
myrrh,  3  drms. ;  to  make  120  pills,  of  which  one  is  to  be  taken  twice 
daily,  in  a  chronic  case. 

A  soap  of  guaiac — sapo  guaiacinis — is  produced  by  the  action  of 
alkalies  upon  the  resin,  and  has  been  used  for  therapeutic  purposes.  It 
is  official  in  some  continental  Pharmacopoeias,  although  not  in  the  British 
or  United  States  Pharmacopoeias. 

Composition. — The  active  principle  and  most  important  constituent 
of  the  wood  of  guaiac  is  the  resin,  which  is  only  slightly  soluble  in 
water,  freely  so  in  alcohol  and  alkaline  solutions.  Alcoholic  solutions, 
when  added  to  water,  deposit  the  resin,  forming  an  unsightly  mixture 
necessitating  suspension ;  therefore,  milk  is  a  better  vehicle  for  adminis- 
tration. By  treating  the  resin  with  alkalies,  Hlasiwetz,  in  1859,  obtained 
guaiaretic  acid  (C^H^O^,  Hadelich,  in  1862,  discovered  guaiaconic  acid 
(C19H2005),  which  constitutes  70'3  per  cent,  of  the  resin,  and  guaiac- 
fi-resin  which  is  present  in  the  proportion  of  9-8  per  cent.,  there  being  of 
guaiaretic  acid  10'5  per  cent.  Small  quantities  of  guaiacic  acid  (discovered 
by  Thierry  in  1841),  of  gum,  of  yellow  colouring  matter  and  ash,  constitute 
the  residue.  An  important  derivative  from  guaiac  wood  by  dry  distillation 
is  guaiacol,  now  much  employed  in  medicine,  it  being  also  the  most  im- 
portant constituent  of  creosote  (see  p.  466). 

Pharmacology. — Guaiac,  in  small  doses,  acts  as  a  diaphoretic  and 
diuretic  to  a  slight  degree ;  in  large  doses  it  is  a  gastro-intestinal  irritant, 
causing  looseness  of  the  bowels.  It  has  also  some  expectorant  qualities,  as 
it  increases  the  excretion  of  bronchial  mucus.  When  taken  in  small  doses 
for  some  time,  guaiac  is  stated  to  favourably  affect  metabolism.  It  also  is 
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believed  to  be  an  einmeiiagogue.  In  some  patients  it  produces  a  rash  upon 
the  skin.  It  probably  exercises  slight  antiseptic  effects  in  the  alimentary 
canal  and  the  secretions. 

Blood  stains  may  be  detected  by  the  addition  successively  of  tincture 
of  guaiac  and  hydrogen  dioxide  solution.  This  method  for  the  recognition 
of  blood  in  medico-legal  practice  was  suggested  by  R  M.  Bertolet.  The 
suspected  substance  is  placed  in  the  field  of  the  microscope,  having  been 
previously  moistened  with  simple  tincture  of  guaiac  freshly  prepared  from 
selected  tears ;  it  is  then  irrigated  with  a  small  quantity  of  ethereal  solution 
of  hydrogen  dioxide.  The  corpuscles  will  become  blue,  and,  if  nucleated, 
the  nucleus  will  be  seen  as  a  dark  blue  object  embedded  in  a  lighter  or 
delicate  violet-coloured  medium. 

Therapeutics. — Introduced  originally  as  an  antisyphilitic,  guaiac  is 
still  used,  although  to  an  inconsiderable  extent,  whenever  the  concentrated 
compound  solution  of  sarsaparilla  is  ordered,  as  it  frequently  is,  as  a  vehicle 
for  iodide  of  potassium.  It  has  obtained  some  reputation  in  the  treatment 
of  rheumatism,  the  chronic  form  in  particular,  and  in  various  manifesta- 
tions of  the  rheumatic  diathesis,  such  as  neuralgia,  dysnienorrhoea,  tonsillitis, 
and  several  varieties  of  skin  diseases.  In  some  cases  of  amenorrhcea  or 
dysmenorrhcea,  with  scanty  menstruation,  in  plethoric  patients,  from  6  to 
10  grs.  may  be  given,  in  pill  or  capsule,  before  breakfast  each  morning,  or 
the  simple  tincture  may  be  given  in  drachm  doses  several  times  during  the 
day.  In  the  treatment  of  myalgia,  lumbago,  neuralgia,  and  chronic 
rheumatic  pains,  it  is  better  to  administer  it  in  combination,  as  in  the 
form  known  as  the  "  Chelsea  Pensioner,"  or  even  the  official  simple 
mixture,  of  which  a  tablespoonful  may  be  given  every  three  or  four  hours. 
The  ammoniated  tincture,  an  efficient  but  unpleasant  preparation,  may  be 
administered  in  milk  in  doses  of  one-half  to  one  teaspoonful,  to  be  re- 
peated every  two,  three,  or  four  hours,  in  chronic  rheumatism.  In  chronic 
forms  of  gout,  and  especially  in  gouty  bronchitis,  guaiac  is  given  in 
moderate  doses  several  times  daily,  for  some  length  of  time.  The  lozenge 
is  often  prescribed. 

In  follicular  tonsillitis  and  rheumatic  tonsillitis,  a  gargle  may  be 
ordered  containing  a  teaspoonful  of  the  ammoniated  tincture  in  a  half- 
pint  of  hot  water,  or  milk,  which  should  be  used  freely  every  hour  or  half- 
hour,  in  conjunction  with  the  internal  administration  of  the  ammoniated 
tincture  in  half -teaspoonful  doses,  given  every  four  hours,  which  may  often 
be  usefully  combined  with  sodium  salicylate.  In  chronic  laryngitis  and 
other  chronic  forms  of  throat  inflammation,  the  aromatic  elixir  of  liquorice 
may  be  used  as  a  vehicle  for  the  internal  administration  of  the  resin, 
or  the  ammoniated  tincture  in  moderate  doses,  given  several  times  a 
day. 

In  constipation,  guaiac  resin  is  a  reliable  laxative  when  administered  in 
10  to  20  gr.  doses,  two  or  three  times  daily.  The  preferred  vehicle 
is  fluid  extract  of  malt,  a  tablespoonful  of  which,  containing  the  desired 
quantity,  should  be  given  three  times  daily.  The  lozenges  are  not  only 
useful  in  chronic  throat  affections,  they  also  produce  laxative  effects  in 
some  patients. 
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SASSAFKAS. 
(B.P.  AND  U.S.P.) 

The  British  Pharmacopoeia  recognises  "  the  dried  root  of  Sassafras 
qfficinale"  The  United  States  Pharmacopoeia  recognises  the  bark  of  the 
root  and  the  pith  of  /Sassafras  variifolium. 

Composition. — The  bark  contains  two  volatile,  highly  fragrant  oils, 
one  light,  the  other  heavy,  besides  a  camphoraceous  substance  (sassafras 
camphor).  In  addition,  there  is  a  peculiar  decomposition  product  of  tannic 
acid,  to  which  the  name  of  sassafride  has  been  given  by  Keinsch,  and  a 
small  proportion  of  ordinary  tannic  acid,  which  is  greater  in  the  fresh 
bark  than  in  old  specimens.  Sassafras  pith  is  rich  in  a  gummy  principle, 
which  becomes  mucilaginous  when  water  is  added  to  it.  Sassafras  root  is 
a  constituent  in  the  Liquor  Sarsse  Compositus  Concentratus,  where  it  is 
introduced  for  its  flavour. 

Pharmacology. — Sassafras  bark  has  an  agreeable  sweetish,  aromatic 
taste ;  it  is  used  as  a  flavouring  ingredient,  is  stomachic  and  astringent. 
In  large  doses,  the  oil  exerts  narcotic  and  convulsant  effects  upon  the 
lower  animals,  and  is  capable  of  producing  serious  effects  in  man  as  a 
narcotic  poison.  It  acts  upon  the  uterus,  producing  muscular  contraction, 
and  in  pregnant  women  the  oil  has  been  found  to  produce  abortion. 
The  hot  infusion  of  the  bark  has  emmenagogue  and  diaphoretic  pro- 
perties. 

Therapeutics. — Sassafras  bark  in  its  fresh  state  is  sometimes  chewed 
for  its  pleasant  flavour  and  for  its  carminative  effects.  In  domestic  treat- 
ment, "sassafras  tea,"  a  weak  infusion  of  sassafras  bark,  is  used  for  its 
supposed  effects  as  an  alterative.  When  taken  freely  at  a  rather  high 
temperature,  this  relieves  the  pains  of  dysmenorrhcea,  and  produces  free 
action  of  the  skin,  which  is  useful  when  the  menstrual  flow  has  been 
checked  by  recent  exposure  to  cold.  Sassafras  is  used  in  combination 
with  guaiac  and  mezereon,  in  syphilitic  affections,  but  its  principal  value 
is  probably  its  power  of  making  these  agents  more  acceptable  to  the  palate 
and  stomach  of  the  patient. 

The  oil  of  sassafras  is  rubefacient,  and  is  an  ingredient  in  some  pro- 
prietary liniments  for  rheumatism  and  neuralgia.  It  may  also  be  used 
internally,  like  the  oil  of  cloves,  as  a  carminative,  in  doses  of  three  to  five 
drops  in  mucilage.  Care  should  be  exercised  in  its  use,  as  toxic  symptoms 
in  an  adult  have  followed  the  administration  of  a  teaspoonful  of  the  oil ; 
vomiting,  collapse,  and  stupor  were  the  principal  symptoms. 

The  mucilage  of  Sassafras  (U.S.P. ),  obtained  by  pouring  a  pint  of  boiling 
water  upon  2  drms.  of  sassafras  pith,  has  been  found,  when  cold,  to  be 
a  grateful  application  for  inflamed  eyes,  and  is  a  good  vehicle  or  diluent 
for  more  active  agents.  It  is  to  be  applied  upon  pieces  of  folded  gauze, 
which  are  to  be  moistened  by  the  solution  frequently.  It  should  not  be 
allowed  to  become  dry  upon  the  eyelashes.  It  can  also  be  applied  to  the 
conjunctiva  by  means  of  a  dropper,  or  pipette.  Washes  of  borax,  boric 
acid,  or  alum,  may  be  made  with  half  an  ounce  of  the  mucilage  to  several 
ounces  of  water  as  a  vehicle.  Internally,  it  may  be  employed  as  a 
demulcent  drink,  in  acute  affections  of  the  throat,  stomach,  or  bowels,  and 
after  poisoning  by  corrosive  agents.  In  persistent  vomiting,  small  doses 
of  creosote  may  be  added  to  the  mucilage  of  sassafras  pith,  and  given  as 
required. 
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SARSAPARILLA. 
(B.P.  AND  U.S.P.) 

The  dried  root  of  Smilax  ornata  is  official  in  the  British  Pharmacopoeia. 
The  United  States  Pharmacopeia  officially  recognises  the  S.  officinalis, 
medico,,  and  papyracca,  as  well  as  "  other  undetermined  species  of  Smilax." 
A  good  specimen  of  the  root,  when  chewed,  should  leave  a  decidedly  acrid 
taste  in  the  mouth.  Most  of  the  sarsaparilla  of  commerce  is  probably  the 
S.  medico,  and  ojficinalis.  East  Indian  sarsaparilla  (so  called)  belongs  to  a 
different  plant,  Hemidesmus,  which  is  similar  in  its  effects,  and  is  also 
official  (see  "  Hemidesmi  Radix  "). 

Composition. — Sarsaparilla  contains  three  glucosides,  according  to 
Kobert — parillin,  insoluble  in  cold  water;  saponin,  soluble  in  water; 
and  sarsasaponin,  more  soluble  than  the  others.  The  principal  con- 
stituent, parillin,  is  present  in  a  proportion  of  less  than  one-fourth,  or 
1  per  cent.  It  is  precipitated  from  a  tincture,  or  alcoholic  extract,  by  the 
addition  of  cold  water,  being  soluble  in  strong  alcohol  and  less  so  in 
weak  alcohol. 

Pharmacology. — Although  parillin  causes  nausea,  vomiting,  dia- 
phoresis, depression  of  pulse  rate  and  tension,  and  tendency  to  fainting, 
and  sarsasaponin  is  decidedly  toxic,  causing  gastric  disturbance  and  collapse, 
in  sufficient  doses,  the  researches  of  Boecker  appear  to  support  the  view 
held  by  many  physicians,  that  sarsaparilla,  in  any  practicable  dosage,  is 
without  physiological  action. 

Therapeutics. — The  chief  use  of  preparations  of  sarsaparilla  has 
been  in  the  treatment  of  syphilis,  but  as  it  is  ordinarily  given  in  the  form 
of  combination  with  guaiac  and  mezereon,  in  the  compound  decoction  or 
compound  syrup,  it  is  difficult  to  determine  whether  or  not  any  of  the 
value  of  this  preparation  is  contributed  by  the  sarsaparilla.  The  com- 
pound syrup  of  sarsaparilla  (U.S.P.)  and  the  concentrated  compound 
solution  (B.P.)  are  used  as  vehicles  for  the  administration  of  iodides  of 
potassium  and  the  bichloride  of  mercury  in  the  treatment  of  syphilitic 
affections.  On  account  of  the  presence  of  tannin  and  vegetable  extractive, 
the  bichloride  of  mercury  is  liable  to  be  precipitated  from  the  compound 
syrup  solution,  or  decoction  of  sarsaparilla,  but  it  will  remain  in  solution, 
if  it  be  accompanied  by  iodide  of  potassium,  so  as  to  form  potassium  iodo- 
hydrargyrate,  which  does  not  undergo  this  decomposition. 

PAREIRA. 
(B.P.  AND  U.S.P.) 

Pareira  is  the  dried  root  of  C/wndodendron  tomcntosum. 

Composition. — The  active  principle  is  a  bitter  alkaloid,  pelosine,  which 
is  identical  with  berberine  and  buxine. 

Therapeutics. — The  recent  infusion  or  decoction  (1  oz.  to  the  pint), 
especially  if  combined  with  sodium  bicarbonate,  is  useful  in  acute  catarrhal 
inflammation  of  the  bladder,  and  in  chronic  diseases  of  the  urinary  passages. 
In  South  America,  a  vinous  preparation  of  pareira  is  administered  freely 
for  snake-bite,  and  the  fresh,  bruised  leaves  at  the  same  time  are  applied 
to  the  wound. 
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HEMIDESMI  EADIX. 

(B.P.) 

Indian  sarsaparilla,  or  nunnari,  is  "  the  dried  root  of  Hemidesmus 
indicus." 

Composition. — The  chief  constituent  is  coumarin,  an  odorous  principle, 
which  is  also  found  in  Tonka  bean. 

Therapeutics. — Hemidesmus  has  an  agreeahle  flavour,  and  is  said 
to  be  diaphoretic,  diuretic,  and  alterative.  The  syrup  is  a  pleasant  vehicle 
for  less  agreeable  remedies.  Hemidesmus  belongs  to  the  same  class  as 
sarsaparilla,  and  has  an  equally  doubtful  therapeutic  character.  The 
native  physicians  in  India  administer  it  for  the  relief  of  renal  difficulties, 
and  in  cases  of  sore  mouth  of  children.  A  recent  infusion  or  decoction 
(2  oz.  to  1  pint  of  water)  may  be  taken  freely ;  generally  a  pint  daily  is 
given  to  an  adult. 

CALENDULA. 

(U.S.P.) 

"  The  florets  of  Calendula  officinalis,"  the  marigold,  have  been  employed 
chiefly  in  domestic  practice  in  making  a  hot,  extemporaneous  infusion 
to  be  used  as  a  diaphoretic  and  stimulant,  and  as  an  antispasmodic 
and  emmenagogue.  The  taste  of  the  yellow  ray  florets  is  slightly  bitter 
and  saline,  the  odour  faint.  The  ligulate  corollas  have  been  used  to 
adulterate  saffron,  and  are  sometimes  substituted  for  arnica  flowers.  A 
strong  tincture  (20  per  cent.)  is  official  in  the  U.S.P.  It  has  been  employed 
for  the  same  purposes  as  tincture  of  arnica,  as  it  is  not  so  irritating.  The 
fluid  extract,  not  official,  is  probably  the  best  preparation.  It  is  applied 
to  wounds  upon  gauze  or  lint.  When  used  as  a  dressing,  as  a  compress  for 
ulcers  or  cancers,  it  reduces  the  odour,  cleans  the  surface,  relieves  pain, 
and  promotes  repair.  An  ointment  of  calendula  flowers  is  made  by  adding 
1  oz.  of  fluid  extract,  evaporated  to  a  proper  consistence,  to  1  oz.  of  simple 
ointment. 

A  fluid  extract  of  the  herb  of  calendula  (N.F.) l  is  also  given  internally 
as  an  antispasmodic,  diaphoretic,  and  emmenagogue.  The  tincture  of 
calendula  herb  is  employed  for  the  same  purpose  as  the  tincture  of  the 
flowers,  and  is  less  stimulating. 

CASTANEA. 

(U.S.P.) 

"  The  leaves  of  Castanea  dentata  collected  in  September  or  October, 
while  still  green."  The  American  chestnut,  C.  dentata,  is  distinct  from  the 
European  variety,  or  C.  vesca,  but  it  is  not  probable  that  any  serious  result 
would  follow  from  substitution  of  one  for  the  other,  as  their  chemical  con- 
stituents do  not  possess  much  physiological  power,  and  consequently  the 
remedy  has  very  little  therapeutic  value. 

The  fluid  extract  (U.S.P.),  which  is  an  aqueous  fluid  extract  with  only 
alcohol  enough  to  preserve  it,  is  a  thick  reddish  brown  liquid  having  an 
astringent  taste  (dose,  i  to  2  fluid  drms.).  A  syrup,  made  by  adding  fluid 
extract  1  part  to  syrup  3  parts,  is  used  for  children,  in  doses  of  1  or  2 
drms.,  six  or  eight  times  daily.  The  inner  bark  of  the  chestnut  has  been 
1  N.F.  =  National  Formulary  of  the  American  Pharmaceutical  Association. 
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employed  popularly  as  a  remedy  for  diarrhoea,  but  the  leaves,  having  less 
astringent  action,  are  not  so  suitable  for  this  purpose.  They  have  been 
administered  in  whooping-cough  as  a  recent  infusion  (sweetened  with 
sugar)  or  as  fluid  extract. 

CAULOPIIYLLUM. 

(U.S.  P.) 

"  The  rhizome  and  roots  of  Caulophyllum  thalictroides."  This  plant  is 
known  as  blue  cohosh.  Besides  the  usual  vegetable  principles,  J.  V.  Lloyd 
found  a  substance  analogous  to  saponin,  which  he  termed  "  leontin,"  and 
an  alkaloid,  "  caulophyllin."  By  treating  a  strong  alcoholic  tincture  with 
water,  a  resinous  precipitate  is  obtained,  which  has  been  used  by  eclectic 
physicians  under  the  name  of  "  caulophyllin."  The  dose  of  the  fluid  extract 
of  caulophyllum  is  from  10  to  20  minims ;  of  the  solid  extract,  2  to  4  grs. 

Caulophyllum  is  said  to  be  sedative  and  antispasmodic,  and  useful  in 
painful  menstruation.  It  is  also  diuretic  and  diaphoretic.  It  has  some 
reputation  in  the  treatment  of  chronic  rheumatism  and  in  chronic 
bronchitis,  but  is  employed  chiefly  as  an  emmenagogue  and  as  an  anti- 
spasmodic  in  atonic  dysmenorrhoea.  It  has  been  administered  during 
parturition  as  a  substitute  for  ergot. 

Leontin  has  been  employed  in  1  per  cent,  solution,  of  which  the  dose  is 
1  drm.  It  should  not  be  confounded,  on  account  of  similarity  of  name, 
with  the  eclectic  preparation  leontodin,  which  is  an  extract  from  the  root 
of  Taraxacum  officinale,  or  dandelion. 

CHIMAPHILA. 

(U.S.  P.) 

"  The  leaves  of  Chimaphila  umbellata,"  the  winter-green  or  pipsissewa, 
are  of  a  slightly  sweetish,  astringent,  agreeable  taste.  Besides  tannin  and 
other  usual  constituents,  they  contain  a  yellow  crystallisable  principle, 
chimaphilin,  and  also  the  glucoside,  arbutin.  The  best  preparation  is  the 
official  fluid  extract,  which  is  administered  in  doses  of  \  drm.  to  1  drm. 

Chimaphila  is  diuretic  and  alterative,  without  any  marked  influence 
upon  the  heart  or  blood  pressure.  It  is  said  to  be  a  tonic  to  the  digestive 
organs  and  astringent,  and  is  useful  in  catarrhal  conditions  of  the  stomach 
and  bowels.  Being  non-irritating,  it  may  be  used  in  chronic  nephritis, 
hematuria,  cystitis,  chronic  gleet,  and  catarrh  of  the  bladder. 

DULCAMAKA. 

(U.S.  P.) 

"The  young  branches  of  Solanum  dulcamara,"  the  bittersweet,  have 
decided  physiological  and  toxic  effects ;  but  are  very  rarely  used  at  the 
present  day.  The  fluid  extract  (U.S.P.)  (dose  30  to  60  minims)  is  the  best 
preparation. 

Pharmacology  and  therapeutics. — Bittersweet  produces  dia- 
phoresis, sometimes  diuresis  and  diarrhoea,  and  in  large  doses  nausea, 
giddiness,  and  narcotic  effects.  The  plant  contains  a  very  bitter  alkaloid, 
solanine,  and  a  glucoside,  dulcamarine.  Solanine  causes  dilatation  of  the 
pupil,  respiratory  distress,  dyspnoea,  convulsions,  and  paralysis.  There  is 
also  a  peculiar  principle  present,  to  which  the  name  of  picroglycion  was 
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given  by  Pfaff,  who  ascribed  to  it  the  peculiar  bittersweet  taste  of  this 
substance.  Aphrodisiac  effects  are  said  to  be  observed  during  the  adminis- 
tration of  dulcamara. 

Dulcamara  has  been  given  in  painful  affections  of  the  stomach  ;  solanine 
also  has  been  found  serviceable  (in  doses  of  f  gr.  before  meals)  in  gastralgia, 
gastritis,  ulceration,  and  pyloric  cancer,  also  in  neuralgia,  muscular  rheu- 
matism, the  pains  of  locomotor  ataxia,  and  in  chronic  bronchitis.  Bitter- 
sweet has  been  used  with  good  results  in  scaly  affections  of  the  skin,  lepra, 
pityriasis,  and  psoriasis,  a  strong  decoction  being  applied  to  the  skin  at  the 
same  time  that  the  remedy  is  administered  internally. 

Toxicology. — In  cases  of  poisoning  from  eating  the  berries  of  dulca- 
mara, dizziness,  abdominal  pains,  dryness  of  the  throat,  vomiting,  rapid 
respiration  and  pulse,  and  collapse  have  been  observed.  The  treatment 
is  to  encourage  vomiting  with  hot  water,  or  small  doses  of  apomorphine, 
oV  gr-  hypodermically,  and  stimulants,  hot  coffee,  etc.,  by  the  mouth.  A 
small  amount  of  morphine  and  atropine,  given  under  the  skin,  will  relieve 
the  urgent  symptoms,  after  expulsion  of  the  poison  from  the  alimentary 
canal  has  been  accomplished. 

ERIODICTYON. 

(U.S.  P.) 

"The  leaves  of  Eriodictyon  glutinosum"  the  yerba  santa,  have  an 
aromatic  odour,  and  a  balsamic,  sweetish  taste.  Eriodictyon  contains  two 
resins,  upon  which  its  virtues  especially  depend,  and  ericolin  (a  peculiar 
principle,  found  likewise  in  Arbutus  and  Uva  tirsi  and  other  ericaceous 
plants),  together  with  a  small  quantity  of  volatile  oil,  tannic  acid,  and 
gum. 

Eriodictyon  has  a  reputation  in  its  native  home,  California,  as  a 
stimulating  expectorant ;  it  is  believed  also  to  have  tonic  properties.  It 
has  the  special  advantage  of  disguising  or  overcoming  the  bitter  taste  of 
quinine,  and  is  therefore  employed  as  a  vehicle  for  this  much-used  remedy, 
especially  in  cough  mixtures.  The  fluid  extract  is  given  in  doses  of  \  drm. 
to  I  drm.  A  good  vehicle  for  administration  of  quinine  is  the  aromatic 
syrup  of  eriodictyon  of  the  National  Formulary,  which  contains  fluid  extract 
of  eriodictyon,  32  c.c. ;  solution  of  potassa  (U.S.P),  25  c.c. ;  compound 
tincture  of  cardamon  (U.S.P.),  65  c.c. ;  oil  of  sassafras,  0'5  c.c. ;  oil  of  lemon, 
Og5  c.c. ;  oil  of  cloves,  1  c.c. ;  alcohol,  32  c.c. ;  sugar,  800  grm.,  with  water 
a  sufficient  quantity  to  make  1000  c.c.  A  teaspoonful  of  this  preparation 
will  mask  the  bitterness  of  2  grs.  of  sulphate  of  quinine,  and  the  two 
form  a  useful  combination  in  asthma,  in  catarrhal  affections  of  the  larynx 
and  bronchi,  and  in  chronic  pulmonary  disease.  Eriodictyon  has  also  been 
used  in  cystitis  and  for  haemorrhoids. 

EUPATORIUM. 

(U.S.P.) 

"The  leaves  and  flowering  tops  of  Eupatorium  perfoliatum"  the 
thoroughwort,  have  a  faint  odour  and  a  bitter  taste.  They  contain 
eupatorin,  which  is  a  glucoside,  also  a  crystallisable  waxlike  body,  traces 
of  a  volatile  oil,  and  a  considerable  quantity  of  a  bitter  principle  upon 
which  the  effects  of  eupatorium  principally  depend,  with  gallic  acid,  tannic 
acid,  and  resin.  Eupatorium  has  been  largely  used  in  domestic  practice, 
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"  boneset  tea"  (1  oz.  in  3  pints  of  water  boiled  down  to  1  pint)  having 
a  similar  position  in  some  parts  of  the  United  States  that  chamomile  flowers 
enjoy  in  Germany  as  a  household  remedy.  The  hot  infusion  in  doses  of  2 
to  8  oz.  is  diaphoretic  and  diuretic,  and,  if  pushed,  is  emetic  and  cathartic. 
Its  bitterness  gives  it  some  value  as  a  gastric  tonic,  and  for  this  pur- 
pose the  cold  infusion,  or  the  fluid  extract  (U.S.P.)  (dose,  60  minims),  is 
employed. 

The  recent,  hot  infusion  is  given,  with  the  usual  adjuncts  of  hot  appli- 
cations, such  as  wrapping  the  patient  in  blankets,  in  order  to  break  up  a 
cold  or  check  influenza,  or  relieve  the  pains  of  muscular  rheumatism.  The 
infusion  has  also  been  successfully  used  to  expel  tapeworm. 

GOSSYPII  RADICIS  CORTEX. 

(U.S.P.) 

Cotton-root  bark  is  the  bark  of  the  root  of  Gossypium  Jierbaceum  and 
other  species. 

This  drug  is  used  in  the  Southern  States  as  an  emmenagogue,  and  to 
arrest  haemorrhage  in  cases  of  uterine  fibroids.  The  official  fluid  extract 
may  be  used  in  doses  of  a  fluid  drachm  repeated  at  short  intervals.  A 
decoction  had  a  great  reputation  among  South  American  slaves  for  pro- 
curing abortion. 

OLEUM  GOSSYPII  SEMINIS  (U.S.P.). — Cotton-seed  oil,  a  fixed  oil  expressed 
from  the  seed  of  Gossypium  herbaceum,  has  no  other  medicinal  properties 
except  such  as  those  of  any  bland  fixed  oil.  It  is  used  to  make  liniments 
and  for  many  other  purposes,  e.g.  to  form  food  cakes  for  cattle. 

INULA. 

(U.S.P.) 

"The  root  of  Inula  helenium"  the  elecampane,  contains  a  large 
quantity  (20  to  40  per  cent.)  of  a  peculiar  starch,  not  coloured  blue  by 
iodine,  to  which  the  name  inulin  has  been  given  by  Thomson.  Its 
solution  is  kevo-gyrate,  and  is  converted  by  long  boiling  into  Icemdose. 
Associated  with  this  in  the  root  are  two  other  starchy  principles, 
pseudo-inulin  and  inulenin.  In  the  process  of  distillation  with  water, 
helenin,  crystallisable  alantic  acid,  a  liquid  alantol  and  alant-camphor,  are 
obtained. 

Helenin  occurs  in  the  form  of  colourless  crystals,  free  from  odour,  and 
having  a  bitterish  taste;  they  are  almost  insoluble  in  water,  but  freely 
soluble  in  ether,  oils,  and  boiling  alcohol.  Helenin  is  a  powerful  anti- 
septic and  bactericidal  agent.  When  it  was  administered  to  guinea-pigs, 
in  relatively  large  doses,  no  toxic  effects  were  observed.  Liquid  media  con- 
taining large  quantities  of  tubercle  bacilli,  become,  upon  addition  of  helenin, 
incapable  of  producing  tuberculosis,  or  even  enlargement  of  the  nearest 
lymphatic  glands,  when  introduced  under  the  skin  of  healthy  guinea-pigs. 
When  added  to  urine  in  proportion  of  1  to  10,000,  it  prevents  putrefac- 
tion ;  and  also,  when  added  to  cultures,  kills  ordinary  bacteria,  including 
tubercle  bacilli.  The  antiseptic  and  bactericidal  effects  of  helenin  have 
been  applied  to  the  treatment  of  diphtheria,  a  2  per  cent,  solution  in  oil  of 
sweet  almonds  being  painted  on  the  patches  every  four  hours,  combined 
with  applications  of  powdered  camphor  on  the  part  affected.  Helenin  has 
also  been  administered  internally  for  diphtheria  in  doses  of  1£  grs.  to 
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children  6  years  of  age.  It  may  be  reasonably  anticipated  that  this  agent 
may  also  prove  useful  in  the  various  forms  of  tuberculosis,  especially  as 
elecampane  has  long  been  in  use  for  the  treatment  of  chronic  lung 
disorders. 

The  liquid  alantol  has  been  given  for  chronic  bronchitis  and  pulmonary 
tuberculosis  in  doses  of  \  minim,  repeated  every  hour  or  two,  exhibited  in 
pill,  powder,  or  alcoholic  solution.  It  is  an  amber  liquid  with  odour  and 
taste  like  peppermint,  and  therapeutically  resembles  oil  of  turpentine. 

The  powdered  root  of  inula  has  been  used  in  domestic  practice  as  a 
stimulant  and  tonic.  The  dose  of  the  powder  is  from  20  to  60  grs.  When 
given  in  hot  decoction,  it  is  diaphoretic,  diuretic,  expectorant,  and  emmena- 
gogue.  It  has  also  been  used  in  whooping-cough  and  in  chronic  eczema 
and  psoriasis. 

Hale  White  has  shown  that  the  administration  of  laevulose  does  not 
increase  the  excretion  of  sugar  in  the  urine  to  the  same  extent  as  the 
administration  of  dextrose,  and  therefore  he  has  suggested  that  patients 
with  diabetes  might  eat  vegetables  such  as  dahlia  tubers,  which  contain 
much  inulin.  Dahlia  tubers  can  be  cooked  by  boiling. 

REFERENCES. 
HALE  WHITE.— Guy's  Hosp.  Rep.,  London,  1893,  vol.  1.  p.  133. 

LAPPA. 

(U.S.P.) 

"  The  root  of  Arctium  lappa  and  of  some  other  species  of  Arctium  " ; 
it  is  familiarly  termed  Burdock.  The  root  contains  a  bitter  principle, 
which  is  a  glucoside ;  also  inulin,  volatile  oil,  resin,  mucilage,  sugar,  and 
tannin.  A  fluid  extract  is  official  in  the  U.S.P.  Dose,  £  to  1  fluid  drm. 

Externally,  the  fluid  extract  is  used  as  a  fomentation  for  swellings, 
haemorrhoids,  and  ulcers,  and  the  fresh  leaves  are  in  popular  use  as  a 
dressing  for  cutaneous  diseases.  Internally,  lappa  may  be  given  for 
rheumatism  and  chronic  skin  diseases,  such  as  psoriasis.  It  is  said  to  be 
diaphoretic,  diuretic,  and  laxative. 

MARRUBIUM. 

(U.S.P.) 

" The  leaves  and  tops  of  Marrubium  vulgare"  or  horehound,  contain  a 
bitter  principle,  Marrubiin,  and  a  volatile  oil.  The  bitterness  is  extracted 
by  water  and  alcohol.  Because  of  its  bitter  principle,  horehound  is  tonic 
and  stomachic.  It  is  also  diaphoretic,  diuretic,  laxative,  and  expectorant. 
When  diaphoresis  is  desired,  as  in  the  treatment  of  catarrh  or  muscular 
rheumatism,  the  hot  recent  infusion  (1  oz.  in  a  pint  and  a  half  boiled 
down  to  1  pint)  is  used.  The  cold  decoction  may  be  sweetened  with 
sugar  and  given  freely  in  the  treatment  of  bronchial  and  pulmonary 
affections.  The  dose  of  the  powder  is  from  30  grs.  to  1  drm.,  and  of  the 
fluid  extract  an  equivalent  quantity.  A  solid  preparation,  consisting  of 
cane  sugar  (barley  sugar)  flavoured  with  horehound,  is  used  popularly  in 
relaxed  and  inflamed  throat  and  in  bronchial  catarrh. 
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MATICO. 

(U.S.  P.) 

" The  leaves  of  Piper  angustifolium"  or  matico,  contain  a  volatile  oil, 
artanthic  acid,  tannin,  a  green  resin,  a  peculiar  camphor,  and  other 
vegetable  principles. 

Matico  has  an  aromatic  odour  and  an  astringent  taste ;  it  has  diuretic 
properties,  and  is  regarded  as  an  alterative  stimulant  to  diseased  mucous 
membranes.  The  powdered  leaves  of  matico  form  a  light  powder,  which 
have  been  employed  locally  to  check  haemorrhage,  the  vegetable  fibres 
acting  mechanically  and  the  tannin  chemically  to  produce  coagulation  of 
the  blood.  The  fluid  extract  and  the  tincture  (10  per  cent.)  are  used  in 
medicine ;  the  dose  of  the  former  is  10  to  30  minims,  of  the  latter  1 
to  2  fluid  drms.  These  preparations  are  given  internally  in  catarrh  al 
affections  of  the  air  passages  or  urinary  organs,  also  in  incontinence  of 
urine,  gonorrhoea,  leucorrhoea,  and  menorrhagia. 

MELISSA. 

(U.S.  P.) 

"  The  leaves  and  tops  of  Melissa  officinalis."  The  balm  contains  a 
yellow  volatile  oil,  a  bitter  extractive,  tannin,  and  gum.  The  odour  of 
the  plant  is  fragrant,  and  it  has  an  aromatic,  slightly  bitter  taste;  the 
bruised  leaves  exhale  an  odour  resembling  fresh  lemons. 

Balm  is  carminative  and  stomachic.  When  given  in  infusion  and 
drunk  freely,  it  favours  diaphoresis  and  diuresis,  and  is  a  serviceable 
adjunct  to  other  more  active  agents.  A  compound  spirit  of  melissa,  or 
carmelite  spirit,  contains  alcohol  and  aromatics,  which  are  corrective  of 
flatulence  in  cases  of  atonic  dyspepsia. 

MENISPERMUM. 

(U.S.P.) 

"The  rhizome  and  root  of  Menispermum  canadense,"  the  yellow 
parilla  or  Canadian  moonseed,  is  an  indigenous  climbing  plant  belonging 
to  the  eastern  portion  of  North  America.  It  is  nearly  inodorous ;  the 
taste  is  slightly  bitter.  It  contains  a  white  alkaloid,  menispine,  and  a  small 
quantity  of  berberine. 

In  domestic  practice,  in  the  country  of  its  growth,  menispermum  has 
been  employed  as  a  "  blood  purifier "  for  the  same  purposes  as  those  for 
which  sarsaparilla,  which  it  otherwise  resembles,  is  in  popular  repute. 
The  fluid  extract  is  said  to  be  tonic,  laxative,  alterative,  and  diuretic. 
It  is  used  in  cutaneous  and  arthritic  disorders,  chronic  rheumatism,  or 
syphilis. 

PHYTOLACC^E  FKUCTUS,  PHYTOLACCLE  EADIX. 

(U.S.P.)  (U.S.P.) 

"  The  fruit  and  the  root  of  Phytolacca  decandra  "  are  called  respectively 
poke-berry  and  poke-root.  The  seeds  of  the  berries  contain  a  small 
quantity  of  a  neutral  principle,  phytolaccin,  and  the  pulp  an  organic  acid, 
phytolaccic  acid.  The  berries  also  contain  tannin,  resin,  and  sugar.  The 
root  contains  a  very  bitter  resin,  glucose,  and  a  free  acid. 
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The  powdered  root  is  irritating  to  the  mucous  membranes,  and  causes 
an  erythematous  eruption  upon  the  skin.  Internally  it  is  emetic  and 
cathartic,  often  causing  prostration  and  drowsiness.  On  account  of 
its  slowness  of  action,  it  is  never  used  by  the  medical  profession  as  an 
emetic,  but  ignorant  persons  sometimes  administer  it  with  fatal  results. 
It  reduces  the  blood  tension  and  frequency  of  the  pulse,  it  depresses  the 
nervous  system,  paralysing  the  cord  and  medulla,  and  causing  death  by 
asphyxia.  The  antidotes  are  hypodermic  injections  of  morphine  and 
atropine,  in  small  doses,  with  diffusible  stimulants  and  diluent  drinks. 
Artificial  respiration,  hot  applications,  and  counter-irritation  by  sinapisms 
also  are  useful. 

The  dose  of  the  powdered  root  is  from  1  to  5  grs.  The  fluid  extract 
is  used,  with  good  results,  as  a  dressing  for  buboes  and  other  swellings  of 
inflammatory  character.  It  has  also  been  applied  to  burns  to  alleviate 
pain.  In  acute  mastitis,  phytolacca  may  be  applied  upon  compresses  and 
also  given  internally.  In  some  of  the  parasitic  skin  diseases,  tinea  capitis, 
favus,  and  sycosis,  an  ointment  of  1  drm.  to  the  oz.  has  been  found 
useful.  An  ointment  for  application  to  chronic  ulcers  and  fissures  may 
also  be  made  with  the  powdered  root,  thus : — Powdered  phytolacca  fruit, 
60  grs. ;  extract  of  belladonna  leaves,  60  grs. ;  camphor ,-10  grs. ;  zinc  oxide 
ointment  to  make  1  oz. 

In  the  treatment  of  chronic  rheumatism  and  swelling  of  the  joints, 
phytolacca  has  been  used  both  internally  and  locally.  A  saturated  tincture 
of  the  berries  has  been  employed  in  doses  of  1  drm.,  several  times  a 
day,  for  rheumatism.  The  fluid  extract  of  the  fruit  has  also  been  used 
in  chronic  rheumatism,  and  has  been  employed  with  asserted  good  results 
for  obesity. 

PULSATILLA. 

(U.S.P.) 

"The  herb  of  Anemone  pulsatilla  and  of  A.  pratensis  collected  soon 
after  flowering."  It  is  the  meadow  anemone. 

The  physiological  action  of  pulsatilla  depends  principally  upon  anemone 
camphor,  which  in  the  presence  of  alkalies  splits  up  into  anemonin  and 
anemoninic  acid.  Anemonin  occurs  as  white  needles.  The  dose  of  the 
powdered  drug  is  ordinarily  stated  to  be  2  to  3  grs.,  but  this  dose  may  be 
made  much  larger.  Anemonin  has  been  given  in  doses  of  TV  gr.  to  2 
grs.  daily  in  divided  doses.  A  fluid  extract  is  prepared  (dose,  2  to  5 
minims),  and  a  tincture;  dose,  5  to  15  minims. 

The  fresh  plant  contains  an  acrid  juice,  which,  when  applied  to  the 
skin,  causes  numbness,  tingling,  and  erythema ;  but  in  the  dried  state  it 
is  much  less  of  an  irritant.  Fresh  pulsatilla  is  a  muscle  poison  affecting 
both  the  heart  and  the  voluntary  muscles.  It  lowers  the  pulse-rate  and 
the  bodily  temperature,  and  causes  stupor  and  spinal  paralysis,  sometimes 
preceded  by  convulsions.  In  the  human  subject,  an  overdose  causes  gastro- 
intestinal irritation,  nausea,  vomiting,  and  purging,  also  haematuria  and 
urino-genital  irritation.  Pulsatilla  is  used  as  a  sedative  in  dysmenorrhrea 
and  other  chronic  painful  affections  of  the  uterus  and  ovaries.  In 
epididymitis,  small  doses  frequently  repeated  have  been  followed  by  good 
results.  Pulsatilla  is  considered  by  some  to  have  a  marked  effect  in 
alleviating  irritation  of  the  nervous  system  in  persons  of  feeble  health  and 
sedentary  habits,  and  in  such  subjects  it  is  administered  for  the  relief  of 
headache  and  neuralgia.  In  amenorrhsea,  when  the  flow  has  stopped  as  a 
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result  of  a  cold  or  nervous  excitement,  pulsatilla  is  used  with  reputed 
success. 

RUMEX. 

(U.S.P.) 

"The  root  of  Eumex  crispus  and  of  some  other  species  of  Rutnex." 
The  leaves  of  Eumex  or  dock-root,  when  young,  are  used  by  some  persons 
as  a  vegetable  for  the  table,  in  place  of  spinach ;  they  have  undoubtedly  an 
antiscorbutic  effect.  Dock-root  has  an  astringent,  bitter  taste,  with  little, 
if  any,  odour.  It  contains  tannin,  chrysophanic  acid,  mucilage,  oxalic  acid, 
and  starch. 

Dock-root  is  slightly  astringent,  and  is  considered  tonic  and  alterative. 
A  fluid  extract  is  official.  The  roots  of  some  species  of  rumex  are  laxative. 
A  decoction,  2  oz.  of  the  fresh  root  or  1  oz.  of  the  dry  root,  to  1  pint 
of  water,  has  been  employed,  2  oz.  being  the  average  dose,  in  the  treatment 
of  scurvy  and  various  forms  of  skin  diseases,  such  as  chronic  eczema  and 
ichthyosis.  In  the  latter  affections  the  dock-root  is  also  used  in  an 
ointment,  or  as  a  poultice.  It  is  also  used  internally  in  dyspepsia,  in 
chronic  laryngeal  and  bronchial  affections,  and  in  disorders  of  the  liver. 
Rumex  has  also  been  employed  as  an  alterative  in  the  treatment  of 
syphilitic  affections,  for  which  the  fluid  extract  may  be  given  in  doses  of 
30  to  60  minims,  three  times  a  day. 

SALVIA. 

(U.S.P.) 

"  The  leaves  of  Scdvia  officinalis"  the  sage,  have  a  strong  fragrant  odour, 
and  a  warm,  rather  bitter,  aromatic  taste.  They  contain  a  volatile  oil 
consisting  principally  of  salviol. 

Sage  is  slightly  astringent  and  carminative.  The  administration  of 
oil  of  sage  is  followed  by  epileptiforrn  convulsions  in  the  lower  animals. 
The  fluid  extract  of  sage  may  be  given  in  doses  of  30  to  60  minims,  and 
the  infusion  may  be  taken  in  2  oz.  doses.  The  dose  of  the  powdered 
leaves  is  20  to  30  grs.  The  infusion  has  been  used  as  a  gargle  and  as  an 
astringent  wash  for  the  nose  and  mouth.  It  also  has  been  used  in  com- 
bination with  other  remedies  as  an  injection  for  urethritis.  It  is  given 
internally  to  check  nocturnal  sweats  due  to  debility,  and  sage-tea,  if 
drunk  while  hot,  relieves  the  pain  of  dysmenorrhoea. 

SANGUINAKIA. 

(U.S.P.) 

"  The  rhizome  of  Sanguinaria  canadensis,  collected  in  autumn."  A 
fluid  extract  (dose,  5  to  15  minims)  and  a  tincture  are  official. 

Sanguinaria,  or  blood-root,  contains  chelerythrine,  sanguinarine,  7- 
homochelidonine  and  protopine,  also  citric  and  malic  acids,  etc.  Sanguin- 
arine is  the  chief  constituent  of  the  rhizome;  it  occurs  in  small  white 
needles,  having  an  acid,  burning  taste.  Sanguinarine  nitrate  and  sulphate 
are  red  crystals,  and  are  given  in  the  same  dose  as  the  alkaloid  (TV  gr.  to 
f  gr.  in  solution).  Small  doses  of  sanguinarine  are  tonic  and  expectorant ; 
larger  ones,  emetic  and  purgative.  Commercial  sanguinarine  is  stated  by 
Konig  and  Tietz  to  be  a  mixture  of  the  several  bases  with  resinous  sub- 
stances. 
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Pharmacology. — Powdered  blood-root  causes  irritation  when  in- 
haled, and  its  use  is  followed  by  sneezing,  and  free  secretions  of  mucus. 
Introduced  into  the  stomach,  it  is  a  depressing  emetic,  and  vomiting  is 
followed  by  an  increase  of  salivary  secretion  and  also  of  bile.  It  may  act 
as  an  irritant  gastro-intestinal  poison.  Upon  the  circulation  it  produces 
a  preliminary  increase  of  artificial  tension,  followed  by  depression  and 
weakening  of  heart's  action.  Death  occurs  from  asphyxia,  owing  to 
paralysis  of  centres  in  the  medulla.  The  functions  of  the  spinal  cord  are 
also  affected,  and  the  spinal  centres  paralysed.  The  muscular  system  is 
relaxed,  and  the  patient  sinks  into  collapse,  death  finally  occurring  from 
asphyxia,  owing  to  failure  of  respiration. 

Therapeutics. — Powdered  blood-root  has  been  used  as  an  escharotic. 
It  is  a  powerful  sternutatory,  but  its  use  is  painful.  An  ointment  containing 
blood-root  has  been  used  successfully  as  an  application  to  tinea.  Internally, 
the  tincture,  in  doses  of  5  to  10  minims  several  times  daily,  has  been  used 
in  atonic  dyspepsia,  and  also  in  teaspoonful  doses  to  produce  vomiting. 
Chronic  broncho-pulmonary  affections,  including  pneumonia,  asthma,  and 
bronchitis,  are  often  benefited  by  small  doses  given  at  frequent  intervals, 
In  certain  nervous  disorders,  such  as  hysteria,  advantage  is  claimed  for 
sanguinaria,  and  it  is  also  employed  in  impotence,  due  to  seminal  incon- 
tinence and  relaxation  ;  also  in  dysmenorrhoea  and  amenorrhoea.  On  account 
of  its  marked  influence  upon  the  secretions,  sanguinaria  has  been  regarded 
as  an  alterative,  and  is  employed  in  chronic  skin  diseases,  especially  in  those 
of  syphilitic  origin.  A  syrup  of  sanguinaria  has  been  used  as  an  ingredient 
in  cough  mixtures.  Sanguinarine  has  also  been  administered  for  its  ex- 
pectorant action,  doses  of  ^V  gr-  being  given  in  pneumonia,  bronchitis,  or 
winter  cough,  every  three  hours.  In  asthma,  Bartholow  has  found  the 
following  formula  very  serviceable  : — Tincture  of  sanguinaria  and  tincture 
of  lobelia,  of  each  \  fluid  drm. ;  ipecacuanha  wine,  2  fluid  drms.;  syrup  of 
tolu,  4  fluid  drms.  A  teaspoonful  for  an  adult  every  one,  two,  or  three 
hours.  The  emmenagogue  properties  are  most  useful  in  functional  dys- 
menorrhoea, in  which  blood-root  is  advantageously  combined  with  aloes, 
or  aloes  and  myrrh ;  it  is  also  sometimes  used  in  cases  of  anaemia  and 
chlorosis. 

Treatment  of  poisoning. — Diffusible  stimulants  should  be  given,  followed 
by  cardiac  tonics,  with  morphine  and  atropine,  in  small  doses  hypoder- 
mically,  to  check  vomiting  and  diarrhoea,  and  to  relieve  any  nausea  and  pain. 
Irrigation  of  stomach  and  bowels  with  warm  water  are  useful  as  helping 
to  get  rid  of  the  poison. 

SCUTELLARIA. 

(U.S.P.) 

"  The  herb  of  Scutellaria  lateriflorce"  or  skull-cap,  does  not  possess  any 
decided  odour  or  taste,  being  almost  free  from  aromatic  properties. 

The  so-called  scutellarin  is  an  impure,  resinous  extract  obtained  as  a 
precipitate  from  the  tincture,  by  the  addition  of  water  containing  alum. 
It  does  not  appear  to  have  any  very  marked  physiological  or  therapeutical 
effects.  The  fluid  extract  may  be  given  in  doses  of  1  to  2  drms.,  and 
scutellarin  in  doses  of  1  or  2  grs.,  or  more.  Skull-cap  is  mildly  tonic,  and 
antispasmodic.  It  has  been  stated  to  be  useful  in  chorea,  convulsions, 
tremors,  and  also  in  intermittent  fever.  The  recent  infusion,  freely  used 
in  cases  of  delirium  tremens,  quiets  the  patient  and  favours  sleep.  In 


710     DRUGS  PHARMACOLOGICALLY,  ETC.,   UNIMPORTANT. 

cases  of  nervousness,  twitching  of  the  muscles,  tremors,  and  restlessness, 
scutellaria  may  be  employed. 

STILLINGIA. 

(U.S.  P.) 

"  The  root  of  Stillingia,  sylvatica"  queen's  root,  in  its  fresh  condition  has 
a  strong,  rather  acrid,  odour,  which  it  loses  to  a  great  extent  in  drying. 
The  taste  is  bitter,  pungent,  and  disagreeable.  An  alkaloid,  stillingin  has 
been  described,  but  the  medicinal  properties  seem  to  be  principally  due 
to  a  volatile  oil  and  resinous  matter. 

In  large  doses,  stillingia  causes  vomiting  and  purging ;  in  small  doses 
it  increases  secretions  along  the  intestinal  tract,  and  is  a  useful  alterative. 
It  also  is  regarded  as  a  stimulant  to  the  heart  and  circulation,  thus  con- 
ferring upon  it  tonic  and  restorative  properties.  The  fluid  extract  is 
official;  its  dose  is  10  to  60  minims.  A  compound  fluid  extract  and  a 
syrup  of  stillingia  (N.F.),  containing  also  corydalis,  iris  versicolor,  sambucus, 
chimaphila,  coriander,  xanthoxylum  (berries),  is  in  repute,  especially  in  the 
southern  United  States,  in  the  treatment  of  syphilitic  and  strumous  mani- 
festations ;  it  is  also  given  in  cutaneous  affections  and  chronic  hepatic 
disease.  Stillingia  is  best  presented  in  the  form  of  the  fluid  extract,  and 
may  be  combined  with  other  alterative  remedies.  The  compound  fluid 
extract  of  the  National  Formulary  has  the  same  constituents  as,  but  is 
four  times  the  strength  of,  the  compound  syrup ;  it  is  a  good  vehicle  for 
iodide  of  potassium,  and  is  employed  for  syphilis,  chronic  rheumatism,  and 
cachectic  disorders  of  the  skin.  Its  dose  is  10  to  60  minims. 

VIBURNUM  OPULUS. 

(U.S.P.) 

"  The  bark  of  Viburnum  opulus"  the  cramp  bark  or  the  high 
bush  cranberry.  The  fluid  extract  is  official ;  the  usual  dose  is  30  to  60 
minims.  An  infusion  made  with  2  oz.  of  the  bark  (or  the  fluid  extract), 
with  sufficient  hot  water  to  make  one  pint,  may  be  given  in  one  or  two 
tablespoonful  doses,  frequently  repeated ;  or  it  may  be  used  as  a  gargle  for 
relaxed  and  painful  throat. 

Cramp  bark  is  said  to  be  a  powerful  antispasmodic,  and  useful  in 
hysteria,  cramps  in  the  limbs  and  abdomen,  and  also  in  spasmodic  asthma. 
The  fluid  extract  is  the  best  preparation,  but  is  not  so  much  employed  as 
the  similar  preparation  made  from  black  haw,  V.  prunifolium.  The  fresh 
ripe  fruit  is  pleasantly  acid,  and  may  be  used  as  an  antiscorbutic,  or  eaten 
at  the  table  as  a  jam  or  jelly. 

VIBURNUM  PRUNIFOLIUM. 

(U.S.  P.) 

"The  bark  of  Viburnum  prunifolium,"  the  black  haw,  is  inodorous, 
and  to  the  taste  astringent  and  bitter.  Besides  a  non-volatile  alkaloid, 
which  has  not  yet  been  obtained  in  a  pure  condition,  black  haw  contains 
a  brown  resinous  body,  also  a  greenish  yellow  resin,  or  neutral  principle, 
which  has  been  called  by  Kramer,  viburnin;  also  valerianic  acid,  with 
tannic,  oxalic,  citric,  and  malic  acids.  The  fluid  extract  (U.S.P.)  is  given 
in  doses  of  fluid  drm.  to  1  fluid  drm. 
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Black  haw  is  astringent,  antispasmodic,  and  sedative,  but  may  cause 
nausea  and  vomiting.  In  physiological  experiments  on  lower  animals, 
it  produces  muscular  weakness  and  spinal  paralysis,  with  loss  of  reflex 
power.  It  depresses  the  heart's  action  and  lowers  blood  pressure,  and 
large  doses  cause  death  by  cardiac  paralysis. 

Therapeutically,  viburnum  is  in  repute  for  its  sedative  effects  upon 
the  uterus  and  ovaries.  Thus  in  the  dysmenorrhoea  of  plethora,  and  in 
rnetrorrhagia,  relief  may  be  obtained  by  its  administration  for  a  few  days 
before  the  expected  period.  Given  in  the  earlier  months  of  pregnancy, 
it  has  been  said  to  overcome  a  habit  of  miscarriage.  The  fluid  extract  is 
the  most  reliable  preparation ;  it  may  with  advantage  be  combined  with 
aromatics.  The  uterine  haemorrhages  that  attend  the  menopause,  or  which 
occur  during  an  attack  of  fever,  are  controlled  by  viburnum,  which  may  be 
combined  with  the  fluid  extract  of  ergot  in  suitable  cases.  In  spasmodic 
dysmenorrhoaa,  the  combination  with  Piscidia  erytlirina  has  been  found 
advantageous.  Black  haw  also  affords  relief  in  cases  of  pains  preceding 
and  following  child-birth.  For  its  astringent  effects,  V.  prunifolium  has 
been  given  in  diarrhoea  and  dysentery.  The  freely  diluted  fluid  extract  is 
also  used  as  a  gargle  in  the  treatment  of  tonsillitis,  pharyngitis,  and  sore- 
mouth. 

XANTHOXYLUM. 

(U.S.P.) 

"  The  bark  of  Xanthoxylum  americanum  and  of  X.  clava-herculis," 
the  prickly  ash,  contains  berberine  or  methylhydroberberine,  a  second 
alkaloid  unnamed,  and  a  neutral  principle.  The  fluid  extract  is  given  in 
doses  of  10  to  30  minims,  well  diluted  with  water. 

The  common  names  of  pepper-wood  and  toothache  tree  suggest  its 
effects  when  taken  into  the  mouth.  It  is  pungent,  bitter,  and  aromatic, 
increasing  the  flow  of  saliva.  In  the  stomach,  it  is  carminative,  tonic, 
and  stimulant.  It  is  a  cardiac  stimulant,  and  causes  moderate  diaphoresis 
and  increased  flow  of  urine.  It  is  also  said  to  have  alterative  effects. 

Applied  externally  as  a  hot  cataplasm  of  the  powdered  bark,  or  as  a 
compress  or  fomentation  of  the  fluid  extract,  combined  with  tincture  of 
ginger  or  of  capsicum,  prickly  ash  bark  is  capable  of  relieving  pains  in  the 
viscera,  especially  of  the  pelvis  in  women.  Pieces  of  the  bark  are 
popularly  used  as  a  masticatory  in  facial  neuralgia.  In  pharyngitis  and 
post-nasal  catarrh,  a  decoction  may  be  used  as  a  spray,  and  the  fluid 
extract  given  internally. 

A  very  good  alterative  combination  for  the  treatment  of  constitutional 
syphilis  is  the  combination  of  xanthoxylum  with  other  alteratives  in  the 
preparation  known  as  compound  syrup  of  clover,  1  oz.  of  which  represents — 
Trifolium  pratensis,  32  grs. ;  stillingia,  16  grs. ;  berberis  aquifolium,  16  grs. ; 
lappa,  16  grs. ;  phytolacca  root,  16  grs. ;  cascara  amarga  or  Honduras  bark, 
16  grs. ;  xanthoxylum,  4  grs. ;  syrup  to  make  1  fluid  oz.  The  dose  of  this 
is  a  dessertspoonful  three  times  a  day.  To  this,  as  a  vehicle,  iodide  of 
potassium  is  frequently  added  in  any  desired  dose. 

This  syrup  is  also  said  to  be  useful  in  chronic  rheumatism  and  some 
chronic  skin  affections. 

In  functional  dysmenorrhoea,  or  suppression  of  menses  from  cold,  the 
fluid  extract  of  prickly  ash,  in  doses  of  £  drm.,  is  frequently  successful  in 
relieving  the  patient's  suffering.  Its  effects  upon  the  digestive  tract  suggest 
its  employment  in  atonic  dyspepsia  and  in  jaundice  connected  with  catarrh 
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of   the   bile   ducts.     Its   power   to   increase   the  secretions   explains  its 
usefulness  in  also  overcoming  a  tendency  to  constipation. 

J.   V.   SHOEMAKER. 


DRUGS  OFFICIAL  IN  THE  INDIAN  AND  COLONIAL  ADDEN- 
DUM TO  THE  BKITISH  PHAKMACOPCEIA,  1898. 

EARLY  in  1901  the  General  Medical  Council  published  an  Addendum  to  the 
British  Pharmacopoaia  of  1898,  which  contained  a  list  of  drugs,  used  locally, 
in  India  and  British  Colonies.  As  this  addendum  has  been  issued  so  recently, 
and  is  probably  in  the  hands  of  but  few  of  our  readers,  it  has  seemed  well  to 
give  a  complete  list  of  all  the  drugs  in  it,  together  with  their  preparations, 
doses,  actions,  and  uses.  The  drugs  are  placed  in  alphabetical  order. 

ACACIA  CORTEX  (B.P.),  Acacia  Bark.  —  The  dried  bark  of  Acacia 
arabica ;  also  the  dried  bark  of  A.  decurrens,  the  Sydney  or  the  Victorian 
and  Tasmanian  Black  Wattle.  India  and  Australasian  and  Eastern 
Colonies.  Decoctum,  |  to  2  fluid  oz. 

These  species  of  acacia,  like  A.  Senegal,  yield  a  gum  (see  p.  693), 
but  the  bark  of  both  contains  tannin  (see  p.  519)  and  is  hence  astringent. 
It  is  used  for  tanning.  Medicinally,  it  is  employed  as  an  injection  in 
leucorrhcea  and  vaginal  discharges,  and  is  a  gargle  and  mouth  wash ; 
indeed,  for  any  purpose  for  which  an  astringent  is  required. 

ACALYPHA  (B.P.). — The  fresh  and  dried  herb  Acalypha  indica.  India 
and  Eastern  Colonies.  Extracturn  Liquidum,  5  to  30  minims.  Succus, 
1  to  4  fluid  drms. 

These  preparations  are  used  as  laxatives.  The  succus,  given  to  children, 
is  an  excellent  emetic,  and  the  leaves  introduced  into  the  rectum  often 
lead  at  once  to  an  easy  evacuation  of  the  bowels. 

ADHATODA  (B.P.). — The  fresh  and  dried  leaves  of  Adhatoda  vasica. 
India  and  Eastern  Colonies.  Extractum  Liquidum,  20  to  60  minims. 
Succus,  1  to  4  fluid  drms.  Tinctura,  |  to  1  fluid  drm. 

These  leaves  contain  an  alkaloid  vasicine  in  combination  with  adhatodic 
acid.  Vasicine  is  said  to  be  powerfully  toxic  to  lower  organisms,  but  not 
to  higher  animals ;  hence  it  has  been  used  as  a  remedy  against  blight  on 
tea  and  other  crops.  In  India  and  the  East,  adhatoda  is  used  for  the  same 
purposes  as  senega,  for  it  is  a  powerful  expectorant,  and  certainly  appears 
to  benefit  some  cases  of  bronchitis.  The  leaves  are  smoked  in  cases  of 
asthma. 

AGROPYRUM  (B.P.),  Couch  Grass,  Triticum. — The  dried  rhizome  of 
Agropyrum  repens.  Australasian,  Eastern,  and  North  American  Colonies. 
Decoctum,  |  to  2  fluid  oz.  Extractum  Liquidum,  1  to  2  fluid  drms. 

Preparations  of  this  drug  are  a  favourite  drink  with  some  surgeons,  in 
cases  of  gonorrhoea  and  cystitis.  It  has  already  been  referred  to  on  p.  149. 

ALSTONIA  (B.P.). — The  bark  of  Alstonia  scholaris  and  A.  constricta. 
India  and  Australasian  and  Eastern  Colonies.  Infusum,  i  to  1  fluid  oz. 
Tinctura,  |  to  1  fluid  drm. 
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A.  scholaris  grows  in  the  Philippines,  and  its  bark  is  known  as  Dita 
Bark.  It  has  been  much  investigated  chemically,  and  appears  to  contain 
many  alkaloids.  The  best  known  constituent  is  ditaine,  which  has  been 
obtained  in  the  crystalline  form,  and  has  the  formula  C20H30N2O4.  It 
paralyses  the  motor  nerve  centres,  motor  nerves,  and  vagi  of  frogs.  It 
acts  on  mammals  like  curare.  Preparations  of  Dita  Bark  are  given  as 
tonics,  and  as  specifics  for  dysentery.  A.  constricta  grows  in  New  South 
Wales  and  Queensland.  It  is  known  as  Australian  Fever  Bark.  It,  too, 
contains  many  bodies,  of  which  the  most  active  is  probably  alstonine,  an 
alkaloid.  Preparations  of  the  plant  are  used  for  intermittent  fever. 

ANDROGRAPHIS  (B.P.). — The  dried  plant  Andrographis  panieulata. 
India  and  Eastern  Colonies.  Infusum,  |  to  1  fluid  oz.  Liquor  Concen- 
tratus,  J  to  1  fluid  drm.  Tinctura,  |  to  1  fluid  drm. 

And'rographis  is  frequently  known  as  the  Indian  Chiretta,  and  is  often 
confused  with  genuine  Chiretta,  but  it  resembles  much  more  closely 
recently  dried  broom  tops  than  true  Chiretta.  The  whole  plant  readily 
yields  its  properties  to  water  and  spirit,  and  imparts  to  them  its  intense 
bitterness.  The  common  name  of  the  plant  is  Great,  and  one  of  the 
vernacular  names  is  Mahatika,  which  means  "King  of  Bitters."  It  is 
the  basis  of  a  popular  domestic  medicine,  Alui,  which  is  made  of  the  juice 
of  the  leaves  of  Andrographis  made  into  pills  with  various  carminatives. 
It  also  forms  an  ingredient  of  the  French  nostrum  Droguamere.  It  is 
used  for  just  the  same  purposes  as  quassia,  and  is  therefore  given  as  a  bitter 
for  dyspepsia,  diarrhoea,  flatulence,  and  dysentery. 

ARISTOLOCHIA  (B.P.). — The  dry  stem  and  roots  of  Aristolochia  indica. 
India  and  Eastern  Colonies.  Liquor  Concentratus,  i  to  2  fluid  drms. 
Tinctura,  4  to  1  fluid  drm. 

The  A.  indica  has  the  same  properties  as  the  species  aristolochia 
reticulata  and  A.  serpentaria,  which  are  official  as  Serpentary  (see  p. 
543). 

ARNICA  FLORES  (B.P.  and  U.S.P.),  Arnica  Flowers. — The  dried  flower 
heads  of  Arnica  montana.  North  American  Colonies.  Tinctura,  |  to  1 
fluid  drm. 

These  being  official  in  the  United  States,  are  already  referred  to  on 
p.  566.  It  is  probable  that  the.  tincture  of  the  root  is  preferable  to  that  of 
the  flowers. 

AURANTII  CORTEX  INDICUS  (B.P.),  Indian  Orange  Peel. — The  fresh  and 
the  dried  outer  part  of  the  pericarp  of  varieties  of  Citrus  aurantium 
grown  in  India  and  Ceylon.  India  and  Eastern  Colonies. 

This  has  the  same  uses  as  other  orange  peel  (see  p.  689). 

AZADIRACHTA  INDICA  (B.P.),  Indian  Azadirach,  Neem  Bark,  Margosa 
Bark. — The  bark  of  the  stem  of  Melia  azadirachta.  India  and  Eastern 
Colonies.  Infusum,  i  to  1  fluid  oz.  Tinctura,  -|  to  1  fluid  drm. 

M.  azadirachta  is  a  large,  beautiful  tree,  known  as  the  Indian  lilac,  the 
pride  of  India,  or  the  pride  of  China.  The  bark  contains  a  resin  and  a  bitter 
principle.  Preparations  of  the  bark  are  used  as  bitters,  astringents,  and 
anthelmintics.  The  seeds  contain  a  yellow  fixed  oil,  in  which  sulphur  is 
present.  It  is  used  externally  in  rheumatism. 
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BEL.E  FRUCTUS  (B.P.),  Bael  Fruit.  —  The  fresh  half-ripe  fruit  of 
marmelos.      India  and  Eastern  Colonies.      Extractum  Liquidum,  1   to  2 
tin  id  drms. 

Preparations  of  the  Bael  fruit  or  Bengal  quince  are  extremely  popular 
all  over  India  for  obstinate  cases  of  diarrhoea  and  dysentery,  especially  when 
unattended  by  fever.  Sometimes  the  fruit  is  simply  eaten.  A  decoction, 
made  by  slowly  boiling  down  a  pint  of  water  containing  2  oz.  of  the  fruit 
till  it  becomes  a  quarter  of  a  pint,  is  very  popular.  It  is  probable  that  the 
fresh  fruit  is  much  more  efficacious  than  the  dried.  Its  composition  is  not 
fully  known  ;  it  contains  very  little  tannin. 

BERBEKIS  (B.P.).  —  The  stem  of  Berberis  aristata.  India  and  Eastern 
Colonies.  Liquor  Concentratus,  |-  to  1  fluid  drm.  Tinctura,  -|-  to  1 
fluid  drm. 

This  drug  is  very  largely  used  in  various  forms  of  remittent  fever, 
but  it  is  much  inferior  to  quinine.  It  is  also  given  as  a  diaphoretic. 
The  chief  alkaloid  in  it  is  berberine,  also  contained  in  Nectandra 
bark  .(see  p.  736).  A  crude  extract  of  berberis  —  known  as  rasaut, 
rusot,  or  ruswut,  and  probably  the  same  as  was  known  as  lycium  in 
olden  times  —  is  much  used  as  a  paint  for  chronic  ophthalmia,  and 
sometimes  opium  or  alum  are  added  to  it. 

BETEL  (B.P.).  —  The  leaves  of  Piper  betle.     India  and  Eastern  Colonies. 

The  betel  is  a  delicate  twining  plant,  requiring  much  care  in  its  cultiva- 
tion. The  leaves  contain  an  aromatic  oil,  which,  when  treated  with  caustic 
potash,  yields  a  phenol  called  Chavicol.  This  aromatic  oil  is  probably  a 
mixture  of  two,  having  different  specific  gravities.  White  catechu  and 
areca  nut,  mixed  with  various  spices  and  aromatics,  which  are  different 
according  to  the  taste  of  the  chewer,  are  wrapped  up  in  the  betel  leaves, 
which  have  been  previously  smeared  with  a  little  chimam  or  shell  lime, 
and  little  masses  of  this  mixture  are  chewed  by  the  natives  all  over  India. 
This  habit  increases  largely  the  saliva.  The  warmed  leaves  are  put  on  the 
chest  for  bronchitis,  and  on  the  breasts  to  arrest  the  flow  of  milk. 


GUMMI  (B.P.),  Butea  Gum,  Bengal  Kino.—  The  inspissated 
juice  obtained  from  incisions  in  the  stem  of  Butea  frondosa.  India  and 
Eastern  Colonies. 

This  inspissated  juice,  like  the  Kino  from  Pterocarpus  marsupium, 
contains  much  tannin  (see  p.  519).  It  is  an  excellent  form  for  giving 
tannin  for  any  condition  such  as  diarrhoea,  in  which  it  is  desirable.  The 
dose  is  5  to  20  grs. 

BUTE^E  SEMINA  (B.P.),  Butea  Seeds.  —  The  seeds  of  B.  frondosa.  India 
and  Eastern  Colonies.  Pulvis,  10  to  20  grs. 

Externally,  a  paste  made  from  these  seeds  has  been  used  for  ringworm, 
and  internally  the  powder  is  given  as  a  laxative  and  as  an  anthelmintic. 

CALOTROPIS  (B.P.),  Mudar.  —  The  root  bark  of  Calotropis  procera  and 
C.  gigantea.  India  and  Eastern  Colonies.  Dose  in  powder,  3  to  10  grs.  as 
a  tonic  ;  as  an  emetic,  30  to  60  grs.  Tinctura,  ^  to  1  fluid  drm. 

No  pharmacologically  important  body  has  yet  been  found  in  this  drug. 
It  has  been  largely  used  as  a  local  remedy  in  leprosy  and  elephantiasis, 
and  a  poultice  of  it  is  said  to  be  an  excellent  application  for  eczema. 
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Internally,  it  appears  to  act  like  most  acrid  drugs,  that  is  to  say,  it  has 
emetic  and  purgative  properties.  It  has  the  same  indefinite  reputation  as 
sarsaparilla,  and  has  been  used  very  largely  for  syphilis  and  rheumatism, 
having  been  called  "  vegetable  mercury."  It  is  said  to  be  useful  in  inter- 
mittent fever  and  as  an  expectorant  for  children. 

CAMBOGIA  INDICA  (B.P.),  Indian  Gamboge. — The  gum  resin  obtained 
from  Garcinia  morella.  India  and  Eastern  Colonies.  Dose,  i  to  2  grs. 

This  has  the  same  properties  and  uses  as  the  Gamboge  obtained  from 
G.  hanburii  (see  p.  538). 

CATECHU  NIGRUM  (B.P.),  Black  Catechu. — An  extract  from  the  wood 
of  Acacia  catechu.  India  and  Eastern  arid  North  American  Colonies. 
Dose,  5  to  15  grs. 

This,  like  the  official  Catechu,  which  is  white  Catechu,  is  a  very 
powerful  astringent,  on  account  of  its  large  quantity  of  tannic  acid  (see 
p.  519). 

CISSAMPELOS  (B.P.). — The  root  of  Cissampelos  pareira.  India  and 
Eastern  Colonies.  Decoctum,  i  to  2  fluid  oz.  Extractum  Liquidum,  -|  to  2 
fluid  drms. 

This  drug  is  known  in  commerce  as  False  Pareira,  Brava,  the  true 
pareira  being  the  root  of  Chondodendron  tomentosum  (see  p.  700).  The 
preparations  of  C.  pareira  are  used  in  cystitis  and  various  catarrhal  con- 
ditions of  the  urinary  tract,  and  may  be  given  for  the  same  class  of  case  as 
triticum  (see  pp.  149  and  712). 

COSCINIUM  (B.P.) — The  stem  of  Coscinium  fencslratum.  India  and 
Eastern  Colonies.  Infusion,  \  to  1  fluid  oz.  Liquor  Concentratus,  \  to  1 
fluid  drm.  Tinctura,  \  to  1  fluid  drm. 

This  drug,  which  is  known  as  False  Columbo  or  Calumba,  has  precisely 
the  same  actions  as  Calumba  (see  p.  541),  and  may  be  used  for  the  same 
purposes.  Both  drugs  contain  berberine. 

CUCURBITS  SEMINA  PRA:PARATA  (B.P.).,  Melon  Pumpkin  Seeds. — The 
prepared  fresh  ripe  seeds  of  cultivated  plants  of  Cucurbita  maxima. 
Mediterranean  Colonies.  Dose,  3  to  4  oz.  bruised  with  a  little  water  or 
milk  to  a  creamy  consistence. 

These  seeds  are  a  most  efficient  and  harmless  anthelmintic  for  the  tape- 
worm. The  patient  should  have  a  light  supper  of  bread  and  milk; 
in  the  early  morning  he  should  take  the  above  dose  of  the  seeds;  a 
cup  of  tea  or  coffee  an  hour  later,  but  no  food ;  at  10  a.m.  a  good  dose  of 
castor-oil  or  some  other  simple  purge,  and  two  hours  later  a  substantial 
meal.  Pepo,  the  seed  of  C.  pepo,  is  official  (U.S.P)  (see  p.  548). 

DATURA  FOLIA  (B.P.),  Datura  Leaves. — The  leaves  of  Datura  fastuosa 
and  of  D.  metel.  India  and  Eastern  and  West  Indian  Colonies. 

These  leaves  have  the  same  composition,  and  may  be  used  for  the 
same  purposes,  as  those  of  D.  stramonium,  (see  p.  271).  Various  species 
of  Datura  are  used  in  India  by  depraved  people  for  producing  a  state  of 
delirious  stupefaction,  and  they  are  also  added  to  ganjah  and  other  Indian 
hemp  preparations.  Formerly,  they  were  employed  by  the  Thugs  who 
made  poisoning  a  profession. 


716  INDIAN  AND  COLONIAL  DRUGS. 

DATUR/E  SEMINA  (B.P.),  Datura  Seeds. — The  seeds  of  Datura  fastuosa. 
India  and  Eastern  Colonies.  Tinctura,  5  to  15  minims. 

Datura  seeds  contain  the  same  active  principles  as  the  leaves,  and  may 
be  employed  for  the  same  purposes.  The  tincture  may  be  given  for 
asthma,  as  are  the  preparations  of  stramonium  (see  p.  271). 

EMBELIA  (B.P.). — The  fruit  of  Embelia  ribes  and  of  E.  robusta.  India 
and  Eastern  Colonies.  Dose,  1  to  4  drms. 

These  berries  contain  an  active  principle,  embelic  acid.  Either  the 
powdered  berries  or  an  infusion  made  from  them  is  an  efficient  anthel- 
miutic,  and  may  be  given  in  the  same  way  as  pumpkin  seeds  (see  pp.  548 
and  715).  They  are  also  carminative  stomachics. 

GOSSYPII  EADICIS  CORTEX  (B.P.  and  U.S.P.),  Cotton  Eoot  Bark. — The 
root  bark  of  Gossypium  hcrbaceum.  India,  and  Eastern,  North  American, 
and  West  Indian  Colonies.  Decoctum,  i  to  2  fluid  oz.  Extracting 
Liquidum,  ^  to  1  fluid  drm. 

This  is  official  in  the  United  States  Pharmacopeia,  and  its  uses  are 
therefore  given  on  p.  704. 

GRINDELIA  (B.P.  and  U.S.P.). — The  dried  leaves  and  flowering  tops  of 
Grindelia  squarrosa  and  G.  robusta.  Australasian  and  North  American 
Colonies.  Extractum  Liquidum,  10  to  20  minims. 

This  being  official  in  the  United  States,  is  described  on  p.  673. 

GUMMI  INDICUM  (B.P.),  Indian  Gum. — A  gummy  exudation  from  the 
wood  of  Anogeissus  latifolia.  India  and  Eastern  Colonies.  Mucilago. 

This  gum  is  probably  that  which  goes  by  the  name  of  Ghatti  gum.  It 
may  be  used  for  the  same  purposes  as  gum  acacia  (see  p.  693). 

HIRUDO  AUSTRALIS  (B.P.). — Hirudo  quinquistrian,  the  five-striped  or 
Australian  leech.  Australasian  Colonies. 

This  species  of  leech  acts  as  well  or  better  than  Sanguisuga  medicinalis 
and  the  S.  officinalis,  which  are  official  in  the  B.P.  For  the  action  of  leeches, 
see  article  on  "  Venesection." 

HYGROPHILA  (B.P.). — The  dried  herb,  including  the  root  of  Hygro- 
pliila  spinosa.  India  and  Eastern  Colonies.  Decoctum,  J-  to  2  fluid  oz. 

Hygrophila  is  used  as  a  mild  diuretic  and  sedative  to  the  genito- 
urinary tract,  in  the  same  cases  as  agyropyrum  (see  p.  712).  Many  think 
the  seeds  the  most  active  part  of  the  plant. 

ISPAGHULA  (B.P.). — The  seeds  of  Plantago  ovata.  India  and  Eastern 
Colonies.  Dose  in  powder,  5  to  150  grs.  Decoctum,  |  to  2  fluid  oz. 

These  seeds,  often  known  as  Spogel  seeds,  are  largely  used  in  India.  The 
decoction  contains  much  mucilage,  and  therefore  forms  an  excellent 
demulcent  in  various  forms  of  sore  throat.  Although  not  astringent,  the 
decoction  or  the  powdered  seeds  in  doses  of  ^  to  2  drms.  are  often  given 
in  the  so-called  hill  diarrhrea,  and  as  the  decoction  is  harmless  it  may  be 
used  as  a  cool  demulcent  drink  in  any  quantity  the  patient  likes,  whilst 
active  medicines  are  also  prescribed. 

KALADANA   (B.P.),  Pharbitis   nil.  —  The   seeds   of   Ipomcea  hederacea. 
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India   and   Eastern   Colonies.     Dose,  30  to  50  grs.     Pulvis  Compositus, 
20  to  60  grms.     Tinctura,  |  to  1  fluid  drm. 

Kaladana  and  Pharbitis  nil  are  local  names  for  these  seeds.  They 
contain  8  per  cent,  of  a  resinous  substance,  pharbitisin,  which  resembles 
convolvtilin  found  in  resin  of  jalap.  As  it  has  precisely  the  same  actions, 
Kaladana  may  be  used  for  the  same  purposes  as  jalap  (see  p.  535). 

KALADANA  KESINA  (B.P.),  Kaladana  Eesin,  Pharbitisin. — India  and 
Eastern  Colonies.  Dose,  2  to  8  grs. 

From  what  has  been  said  above,  it  follows  that  this  may  be  used  for  the 
ime  purposes  as  jalap  resin. 

KAV/E  EHIZOMA  (B.P.),  Kava  Rhizome. — Tbe  decorticated,  dried,  and 
divided  rhizome  without  the  roots  of  Piper  methysticnm.  Australasian 
Colonies.  Extractum  Liquidum,  30  to  60  minims. 

The  chemistry  of  kava  root  has  not  been  properly  worked  out,  but  it 
certainly  contains  several  active  bodies.  One  is  Kawine,  a  resin  which  it 
is  said  can  be  split  into  two  resins,  one  of  which,  when  placed  upon  the 
tongue,  produces  burning,  followed  by  anesthesia.  An  alkaloid  Kavaine  is 
said  to  have  been  isolated. 

The  fluid  extract  is  used  empirically — it  is  said  with  great  success — in 
gonorrhoea,  vaginitis,  and  leucorrhcea.  After  its  hypodermic  injection  in 
animals,  there  is  anaesthesia  at  the  point  of  injection,  followed,  after  absorp- 
tion, by  general  paralysis  due  to  direct  effect  on  the  cord.  Kava  root  has 
therefore  two  dominant  actions — paralysis  of  the  terminations  of  the  sensory 
nerves,  and  paralysis  of  the  motor  functions  of  the  cord.  The  anesthesia 
is  preceded  by  too  much  burning  pain  for  the  drug  to  be  of  use  as  a  local 
anaesthetic.  It  is  said  to  stimulate  the  heart  and  paralyse  respiration. 

Kava  or  Ava  is  the  name  given  to  an  intoxicating  liquor  made  from 
the  root  of  Piper  methysticum  in  the  Sandwich  Isles.  The  intoxication 
produced  differs  from  that  of  alcohol,  in  that  it  is  silent  and  drowsy ;  there 
are  incoherent  dreams  and  great  loss  of  muscular  power. 

KINO  EUCALYPTI  (B.P.).,  Eucalyptus  Kino,  Botany  Bay  Kino. — An 
exudation  from  the  stem  of  various  species  of  Eucalyptus,  having  the 
characters  and  responding  to  the  tests  given  for  Kino  on  p.  167  of  the 
British  Pharmacopoeia,  1898.  Australasian  Colonies.  Dose,  5  to  20  grs. 

This  exudation  has  the  same  action  as  other  tannin  containing  bodies 
(see  p.  519). 

MYLABRIS  (B.P.). — The  dried  beetle  Myldbris  phalerata  or  other  species 
of  the  genus,  provided  they  yield  a  proportion  of  cantharidin  equivalent  to 
that  contained  in  M.  phalerata.  India,  and  African  and  Eastern  Colonies. 
Acetum,  Emplastrum,  Emplastrum  Calefaciens,  Liquor  Epispasticus,  Un- 
guentum. 

These  insects  belong  to  the  same  tribe  as  Cantharis  vesicatoria,  and  are 
used  for  the  same  purposes  (see  p.  150). 

MYROBALANUM  (B.P.),  Myrobalans. — The  immature  fruit  of  Terminala 
chebula,  usually  distinguished  in  commerce  as  Chebulic  myrobalans.  India 
and  Eastern  Colonies.  Dose  in  powder,  \  to  1  drm.  Unguentum, 
Unguentum  cum  Opio. 

These  fruits  contain  very  large  quantities  of  tannin,  their  yield  being 
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usually  about  25  per  cent,  and  sometimes  as  much  as  45.  Both  externally 
and  internally  their  actions  and  uses  are  the  same  as  of  tannic  acid  (see 
p.  519).  The  powder  may  be  employed  for  diarrhrea  and  dysentery. 

OLEUM  AJOWAN  (B.P.),  Ajowan  Oil,  Ptychotis  Oil. — The  oil  distilled 
from  the  fruit  of  Carum  copticnm.  India  and  Eastern  Colonies.  Dose,  i-  to 
3  minims. 

The  fruits  of  C.  copticum  contain  4  per  cent,  of  this  volatile  oil,  which 
contains  thymol  (see  p.  516).  An  alcoholic  solution  of  the  oil  is,  on  account 
of  the  thymol,  useful  for  relieving  pain.  Taken  internally,  ajowan  oil  is 
used  as  a  carminative  in  flatulence  and  dyspepsia. 

OLEUM  ARACHIS  (B.P.),  Arachis  Oil,  Earth  Nut  Oil,  Ground  Nut  Oil, 
Pea  Nut  Oil. — The  oil  expressed  without  the  aid  of  heat  from  the  seeds  of 
Archis  hypogcea.  May  be  used  in  place  of  olive  oil  in  India  and  Africa, 
Eastern  and  Australasian  Colonies. 

This  oil  is  only  used  in  place  of  olive  oil. 

OLEUM  GAULTHERIA  (B.P.  and  U.S.P.),  Oil  of  Gaultheria,  Oil  of 
Wintergreen. — The  oil  distilled  from  the  leaves  of  Gaultheria  procumbens, 
or  from  the  bark  of  the  sweet  birch,  Betula  lenta.  It  contains  at  least  90 
per  cent.,  but  generally  a  larger  proportion,  of  natural  methyl  salicylate 
associated  with  small  quantities  of  a  terpene  or  another  substance. 
North  American  Colonies.  Dose,  3  to  10  minims. 

This  oil  is  official  in  the  United  States,  and  its  action  is  described  under 
that  of  Salicylates  (see  p.  626). 

OLEUM  GRAMINIS  CITRATI  (P.),  Oil  of  Lemon  Grass,  Indian  Oil  of 
Verbena. — The  oil  distilled  from  Andropogon  citratus.  Dose,  |  to  3 
minims.  India,  and  Eastern  and  West  Indian  Colonies. 

This  volatile  oil  is  chiefly  used  in  perfumery  and  to  adulterate  oil  of 
verbena,  which  it  closely  resembles.  Like  other  volatile  oils,  externally  it 
is  stimulant,  and  may  be  used  as  an  embrocation  to  relieve  pain  in  myalgia 
and  rheumatism ;  internally  it  is  carminative. 

OLEUM  GYNOCARDI^E  (B.P.),  Gynocardia  Oil,  Chaulmoogra  Oil. — The 
fatty  oil  expressed  from  the  seeds  of  Gynocardia  odorata.  India  and 
Eastern  Colonies.  Dose,  5  to  10  minims,  gradually  increased  to  \  to  1 
fluid  drm.  Unguentum. 

The  chief  constituent  of  this  oil  is  gynocardic  acid,  11  per  cent.  Other 
substances  present  are  palmitic  acid,  hypogoaic  acid,  cocinic  acid,  and  fats. 
The  chief  use  of  the  oil  is  as  an  application  to  the  sores  of  leprosy,  and 
although  it  does  not  cure  the  disease  it  appears  to  be  one  of  the  most 
satisfactory  applications.  It  is  also  administered  internally  for  this  disease, 
usually  in  capsules.  It  is  very  largely  used  in  veterinary  practice  as  an 
application  for  sores,  sprains,  and  bruises. 

OLEUM  SESAMI  (B.P.  and  U.S.P.),  Sesame  Oil. — The  oil  expressed  from 
the  seeds  of  Sesamum  indicum.  May  be  used  in  place  of  olive  oil  for 
liniments,  ointments,  and  plasters  in  India  and  Africa,  Eastern  and  North 
American  Colonies. 

This,  being  official  in  the  United  States  Pharmacorxfiia,  is  referred  to 
on  p.  688. 
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OLIVERI  CORTEX  (B.P.),  Oliver  Bark. — Black  sassafras,  the  dried 
bark  of  Cinnamomum  oliveri.  Australasian  Colonies.  Tinctura,  £  to  1 
fluid  drm. 

This  may  be  used  for  the  same  purposes  as  the  official  cinnamon  bark 
(see  p.  572). 

PICRORHIZA  (B.P.). — The  dried  rhizorne  of  Picrorhiza  kurroa.  India 
and  Eastern  Colonies.  Dose  in  powder,  10  to  20  grs.  as  a  tonic ;  as  an 
antiperiodic,  40  to  50  grs.  Extractum  Liquidum,  20  to  60  minims. 
Tinctura,  |  to  1  fluid  drm. 

This  drug,  whicli  is  known  as  kali-kutki,  is  used  as  a  bitter  stomachic, 
and  is  popular  for  dyspepsia.  It  is  also  given  as  an  antiperiodic. 

PODOPHYLLI  INDICI  RESINA  (B.P.),  Indian  Podophyllum  Eesin. — A 
powdered  resin  prepared  from  Indian  podophyllin  rhizome.  India  and 
Eastern  Colonies.  Dose,  £  to  1  gr.  Tinctura,  5  to  15  minims. 

This  has  precisely  the  same  actions  and  uses  as  podophyllum  resin 
(see  p.  538). 

PODOPHYLLI  INDICI  RHIZOMA  (B.P.),  Indian  Podophyllum  Rhizome. — 
The  dried  rhizome  and  roots  of  Podophyllum  emodi.  India  and  Eastern 
Colonies. 

The  virtues  of  this  plant  depend  upon  the  podophyllin  in  it  (see  p. 
538).  It  contains  a  much  larger  proportion  than  is  found  in  the  official 
Podophyllum  peltatum. 

SAPPAN  (B.P.). — The  heart  wood  of  Cczsalpinia  sappan.  India  and 
Eastern  Colonies.  Decoctum,  i  to  2  fluid  oz. 

Sappan  wood  was,  before  the  introduction  of  the  aniline  dyes,  very, 
largely  used  to  dye  fabrics  red.  It  is  also  used  to  make  red  ink,  and  has 
been  employed  in  pharmacy  to  give  mixtures  a  red  tint.  Many  species  of 
Csesalpinia  give  rise  to  a  red  dye,  and  it  is  probable  that  the  colouring 
matter,  which  in  some  is  certainly  brazilin,  is  the  same  in  all.  It  is 
doubtful  whether  Sappan  wood  is  of  much  use  in  medicine,  but  it  contains 
tannin  (see  p.  519),  and  has  therefore  some  astringent  properties. 

TINOSPORA  (B.P.). — The  stem  of  Tinospora  cordifolia  collected  in  the 
hot  season.  India  and  Eastern  Colonies.  Infusum,  -J  to  1  fluid  oz. 
Liquor  Concentratus,  \  to  1  fluid  drm.  Tinctura,  \  to  1  fluid  drm. 

This  very  bitter  drug  is  largely  used  in  the  East,  but  nothing  certain  is 
known  as  to  its  action.  It  is  said  to  be  mildly  diuretic  and  antiperiodic. 
Further,  the  same  vague  tonic  and  alterative  effects  are  attributed  to  it  as 
are  ascribed  to  sassafras.  It  is  used  in  chronic  rheumatism. 

TODDALIA  (B.P.). — The  root  bark  of  Toddalia  aculeata.  India  and 
Eastern  Colonies.  Infusum,  1  to  2  fluid  oz.  Liquor  Concentratus,  £  to  1 
fluid  drm. 

Toddalia  or  "  Lopez  root "  has  the  same  action  as  bitters  generally  (see 
p.  539).  Its  bitterness  is  probably  due  to  the  presence  of  berberine.  It  is 
given  as  a  carminative  in  dyspepsia  and  dysentery,  and  is  said  to  be 
antiperiodic. 

TURPETHUM  (B.P.),  Turpeth. — The   dried   root  and   stem   of   Ipomcea 
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turpethum.     India  and  Eastern  and  North  American  Colonies.     Dose  in 
powder,  5  to  20  grs.     Tinctura  Jalapae  Composita,  J  to  1  fluid  drm. 

This  drug  is  active  because  of  the  resin  of  turpeth  it  contains,  usually 
about  10  per  cent.  This  resin  is  a  glucoside,  having  the  same  physiological 
and  chemical  properties  as  convolvulin,  the  glucoside  of  jalap,  consequently 
the  action  of  turpeth  is  precisely  that  of  jalap  (see  p.  535). 

TYLOPHORCE  FOLIA  (B.P.),  Tylophora  Leaves. — The  dried  leaves  of 
Tyloplwra  asthmatica.  India  and  Eastern  Colonies.  Dose  in  powder,  | 
to  2  grs.,  as  an  expectorant ;  as  an  emetic,  15  to  30  grs. 

This  drug,  which  contains  an  alkaloid  tylophorine,  was  introduced  at  a 
time  when  a  scarcity  of  ipecacuanha  was  feared,  for  it  seems  to  have 
precisely  the  same  emetic  and  expectorant  action.  Probably,  therefore,  it 
may  be  used  for  the  same  purposes,  but  dose  for  dose  it  is  not  quite  so 
powerful. 

URGINEA  (B.P.),  Indian  Squill. — The  younger  bulbs  of  Urginea  indica ; 
also  the  younger  bulbs  of  Scilla  indica,  taken  soon  after  the  plants  have 
flowered.  India  and  Eastern  Colonies.  Acetum,  10  to  30  minims. 
Oxymel,  ^  to  1  fluid  drm.  Pilula  Ipecacuanhas  cum  Urginea,  4  to  8  grs. 
Pilula  Composita,  4  to  8  grs.  Syrupus,  -J-  to  1  fluid  drm.  Tinctura,  5  to 
15  minims. 

This  drug  has  the  same  action  and  uses  as  squill  (see  p.  131).  Its 
essential  constituents  are  identical. 

VALERIANS  INDICT  EHIZOMA  (B.P.),  Indian  Valerian  Ehizorae. — The 
dried  rhizome  and  rootlets  of  Valeriana  Wallichii.  India  and  Eastern 
Colonies.  Tinctura  Ammoniata,  |  to  1  fluid  drm. 

This  plant  has  the  same  action  and  uses  as  valerian  (see  p.  574).  It 
contains  a  volatile  oil. 

VIBURNUM  (B.P.  and  U.S.P.),  Black  Haw. — The  dried  bark  of  Viburnum 
prunifolium.  North  American  Colonies.  Extractum  Liquidum,  1  to  2 
fluid  drms. 

This  drug,  being  official  in  the  United  States  Pharmacopoeia,  has  been 
already  described  (see  p.  710). 

The  Addendum  also  contains  Extractum  Glycyrrhizse  Spirituosuni, 
made  with  extract  of  liquorice,  alcohol,  and  water.  Dose,  ^  to  1 
fluid  drm. 

W.   HALE   WHITE. 


DEUGS  OF  PHAEMACOLOGICAL  BUT  NOT  OF  MUCH 
THEEAPEUTICAL  IMPOETANCE. 

ABSINTHIUM. 

(U.S.P.) 

ARTEMISIA  ABSINTHIUM,  or  wormwood,  is  a  perennial  plant,  and  native  to 
Europe,  where  it  is  cultivated.  Its  introduction  into  scientific  medicine 
is  recent,  although  its  toxic  properties  appear  to  have  been  known  from 
very  ancient  times.  The  leaves  and  tops  are  official  (U.S.P.). 
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Composition. — From  the  leaves  and  tops  two  substances  can  be  separ- 
ated— (1)  a  crystalline  bitter  principle,  absinthin,  slightly  soluble  in  water, 
but  much  more  readily  so  in  ether,  alcohol,  or  chloroform  ;  and  (2)  a  volatile 
oil,  specific  gravity  0'972,  having  a  dark  green  colour,  with  the  characteristic 
odour  and  acrid  taste  of  the  plant,  and  to  which  its  physiological  properties 
are  due. 

The  best  preparation  is  a  tincture — Wormwood,  1  part  (alcohol,  60 
per  cent,  up  to  10  parts).  Dose,  1  to  4  drms. 

Pharmacology. — External. — Absinthium  possesses  general  analgesic 
properties,  and  produces  partial  anesthesia. 

Internal. — It  has  a  remarkable  toxic  effect  on  the  central  nervous  system. 
In  dogs  and  rabbits,  thirty  to  fifty  drops  of  the  volatile  oil  produce  trembling, 
stupor,  hebetude,  and  insensibility,  whilst,  when  given  in  larger  quantities, 
sixty  to  one  hundred  and  twenty  drops,  the  animal  becomes  unconscious,  and 
epileptitbrm  convulsions  supervene,  during  which  the  bladder  and  rectum 
may  be  emptied,  and  the  respiration  is  stertorous.  Magnum  gave  a  dog 
of  14  kilos,  5  grs.  of  oil  of  wormwood.  In  half  an  hour  the  animal  had 
an  epileptiform  attack,  followed  in  ten  minutes  by  another,  and  later  it 
distinctly  suffered  from  hallucinations,  and  attacked  a  bare  wall,  evidently 
mistaking  it  for  an  enemy. 

Half  an  ounce  administered  to  man  gives  rise  to  unconsciousness, 
associated  with  convulsions  and  foaming  at  the  mouth ;  vomiting  and 
local  anaesthesia  are  also  frequently  present.  After  the  administration  of 
quite  small  quantities  of  absinthium  to  animals,  epileptiform  convulsions 
can  be  induced  much  more  readily  by  cortical  cerebral  stimulation, 
the  drug  resembling  strychnine  in  this  respect.  The  injection  of  a  few 
drops  of  the  volatile  oil  produces  in  about  twenty  seconds  a  typical 
general  epileptic  fit,  which  in  every  respect  is  strikingly  similar  to  that 
occurring  in  idiopathic  epilepsy.  The  fit  begins  with  twitching  of  the  face 
and  ears,  followed  by  clonic  spasms  of  the  muscles  of  the  limbs  and  trunk, 
during  which  the  animal  is  unconscious,  salivates  freely,  and  frequently 
passes  urine  and  fasces.  The  fits  last  a  minute  or  two,  and  may  follow 
one  another  in  a  succession. 

It  must  be  granted  that  these  attacks  sufficiently  resemble  epilepsy  to 
suggest  a  toxic  origin  for  this  disease,  and  hence  absinthium  has  been 
largely  used  in  investigations  for  determining  the  seat  and  mode  of  origin 
of  the  epileptiform  condition.  If  the  cord  is  cut,  absinthium  fails  to  evoke  a 
fit  from  the  centres  below  the  section,  showing  that  the  spinal  nerve  centres 
are  conductors  but  not  initiators  of  the  attack,  a  condition  in  striking  con- 
trast to  the  strychnine  effect.  Complete  removal  of  the  cerebrum  in  animals 
prevents  the  occurrence  of  rhythmic  clonic  fits  after  absinthium  poisoning, 
but  fits  may  occur  in  the  absence  of  the  cerebellum.  If  one  cerebral  hemi- 
sphere alone  is  removed,  typical  bilateral  fits  can  still  be  obtained,  i.e.  the 
impulses  can  be  discharged  on  both  sides  of  the  body ;  but  if  the  opposite 
lobe  of  the  cerebellum  is  also  removed,  the  fits  tend  to  become  unilateral. 

Absinthium,  then,  must  be  considered  to  have  a  general  action  on  the 
central  nervous  system,  especially  on  the  cerebral  hemispheres.  Inspection 
of  the  brain  during  the  fits  has  shown  that  it  is  in  a  condition  of  distinct 
hyperaemia. 

ABSINTHE  is  the  name  given  to  an  alcoholic  drink,  sold  largely  in  France, 

which  contains  a  small  but  varying  percentage  of  wormwood.     It  has  long 

been  observed  that  results,  other  than  those  due  to  over-indulgence  in 

alcohol,  were  manifested  in  those  addicted  to  the  use  of  absinthe.     In  such 
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people  a  series  of  symptoms  result,  known  as  "  absinthism."  These  are — 
Restlessness  at  night,  with  disturbing  dreams,  followed  in  the  morning  by 
a  feeling  of  nausea,  whilst  vomiting  is  not  uncommon.  In  a  later  stage 
vertigo  is  present,  and  tremors,  especially  of  the  head  and  tongue,  are  very 
noticeable.  The  most  marked  effect  of  chronic  indulgence  is  the  general 
tendency  towards  epileptiform  convulsions,  in  which  the  person  loses 
consciousness  and  falls  down,  bites  his  tongue,  foams  at  the  mouth,  passes 
urine,  and  has  clonic  convulsions.  The  fits  recur  at  short  intervals.  Rarely 
consciousness  is  retained  during  the  fit,  and  in  these  cases,  with  the  presence 
of  peripheral  anaesthesia,  the  attack  bears  some  resemblance  to  hysteria. 

The  fits  cease  if  the  habit  is  overcome  in  the  early  stages  ;  if,  however, 
indulgence  continues,  permanent  derangement  of  the  intellect  occurs,  with 
subsequent  paralysis  and  death. 

Wormwood  is  said  to  be  excreted  by  the  kidneys  unaltered ;  it  is  one 
of  the  most  powerful  toxic  substances  affecting  the  cerebrum,  in  this 
respect  closely  resembling  camphor.  It  is  a  drug  which  at  present  is  very 
rarely  used,  although  it  might  be  beneficially  employed  in  such  conditions 
as  cerebral  depression  and  neurasthenia. 
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ANHALONIUM  LEWINII. 

This  cactus,  which  is  not  official,  belongs  to  the  comparatively  small 
group  of  the  Melocactecv,  and  is  native  to  Mexico.  It  first  attracted  notice 
on  account  of  its  property  of  producing  visions,  to  which  Lewin  and  Hem- 
ming directed  attention  in  1888.  The  natives  of  Mexico  use,  under  the 
name  of  pellote,  several  varieties  of  cactus  for  their  soporific  effects. 

Composition. — The  dried  plant  contains  nearly  2  per  cent,  of  alkaloids, 
which  may  be  extracted  by  alcohol.  If  the  filtrate  from  this  be  then 
made  alkaline  with  ammonia, 

M.P. 

Chloroform  removes         Mezcaline,        CnH17N03        151 

(  Anhalonidine,  C12H15NO3  \    150-154  ^| 

>  isomers 
Ether  „  \  Anhalonine,   C12H15N03    J      85 '5 


Lophophorine,  C13H17NO3  (amorphous) 

These  alkaloids  are  peculiar  in  that  they  are  freely  soluble  in  water, 
and  possess  a  remarkable  similarity  in  their  action ;  lophophorine,  prol 
ably  the  homologue  of  anhalonine,  is  the  most  toxic.  It  would  appear 
that  but  little,  if  any,  advantage  is  to  be  derived  by  administering  any  of 
the  alkaloids  separately,  and  the  plant  may  be  conveniently  given  as  an 
alcoholic  extract  containing  a  known  percentage  of  alkaloid.  The  dose  for 
adults  found  most  suitable  will  generally  lie  between  ^V^1  and  1  gr.  A 
solution  is  quite  non-irritant,  and  may  be  injected  subcutaneously  without 
ill  effects. 

Pharmacology. — Alimentary  tract. — In  full  doses  there  is  appreci- 
able salivation,  which  is  equally  manifest  if  the  drug  is  injected,  and  the 
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alkaloids  are  to  a  slight  extent  excreted  by  the  salivary  glands.  On  the 
gastro-intestinal  canal,  medicinal  doses  produce  little  specific  effect,  but 
there  is  generally  slight  constipation.  In  very  large  doses,  however, 
diarrhoea  may  be  produced,  and  occasionally  vomiting.  This  effect,  like 
the  similar  effect  which  may  be  produced  by  apomorphine,  is  interesting, 
as  probably  being  indirect  through  the  central  nervous  system. 

Circulation. — On  the  circulation  the  action  of  the  drug  is  characteristic. 
Medicinal  doses  gradually  slow  the  heart.  A  single  dose  of  01  grm.  of  the 
alkaloid  was  sufficient  in  an  adult  man  to  diminish  the  pulse  from  70  to  58 
in  half  an  hour,  and  at  the  same  time  to  cause  the  blood  pressure  to  rise ;  but 
the  most  noticeable  result  is  the  greatly  increased  force  with  which  the  heart 
beats.  The  slowing  is  accompanied  by  an  increased  length  in  the  systole 
and  diastole,  but  the  period  of  diastole  is  greater  in  proportion  to  the 
normal  than  that  of  systole.  The  means  by  which  these  results  are  produced 
is  interesting,  and  in  marked  contrast  to  digitalis.  It  will  be  remembered 
that  the  slowing  with  digitalis  is  produced  from  the  stimulation  of  the 
vagus  in  the  heart  and  medulla,  and  that  the  increased  force  of  beat 
results  from  the  stimulation  of  the  cardiac  muscle.  In  the  case  of 
auhalonine,  however,  although  there  is  in  small  doses  an  exhilaration  of 
all  nervous  structures,  yet  the  main  effect  is  not  upon  the  different  parts 
of  the  vagus  mechanism,  but  is  direct  on  cardiac  muscle  fibre,  and  it  is  to 
this  direct  effect  that  the  slowing,  the  rise  in  pressure,  and  the  increased 
force  of  the  beat  are  all  due. 

Respiration. — In  medicinal  doses,  respiration  is  not  affected,  but  in  toxic 
quantities  it  becomes  quicker  and  shallower ;  in  man  there  are  long-drawn 
and  deep  sighs,  with  a  feeling  of  suffocation :  death  ultimately  results  from 
failure  of  the  respiratory  centre. 

Nervous  system. — On  the  nervous  system  a  very  marked  effect  is  pro- 
duced. Small  doses  (0'05  grm.)  cause  a  feeling  of  exhilaration  and  well-being, 
with  increased  reflexes  and  a  general  desire  for  action.  In  larger  doses  (0'5 
grm.)  the  effect  may  be  divided  into  a  preliminary  stage,  and  a  stage  of  in- 
toxication. In  the  former  there  is  excitement,  a  feeling  of  exhilaration,  and 
diminished  kinsesthetic  sensations,  performances  involving  effort  being 
hardly  noticed ;  the  face  is  flushed,  and  the  pupils  dilated,  and  there  is  a 
tendency  to  talkativeness,  which  later,  when  the  patient  begins  to  feel 
"  light-headed,"  may  become  wandering.  This  stage  quickly  passes  away, 
and  is  followed  by  one  of  intoxication,  in  which  there  is  a  great  inclination 
to  lie  down,  although  never  any  tendency  to  sleep.  The  pupils  are  now 
widely  dilated,  and  act  sluggishly  to  light.  On  attempting  to  walk,  the 
gait  closely  resembles  that  of  alcoholic  intoxication,  and  in  all  movements 
requiring  precision  the  inco-ordination  is  evident.  The  body  is  generally 
in  a  tremulous  condition,  the  tremors  showing  well  when  the  attention  is 
fixed  on  anything  held  in  the  hand.  Eeflexes  over  the  whole  body,  in- 
cluding the  skin  reflexes,  are  much  increased,  although  there  is  blunting 
of  painful  and  tactile  sensation.  Twitching  of  muscles  occurs  in  various 
parts  of  the  body,  especially  noticeable  in  the  face ;  and  in  some  cases  there 
is  a  curious  feeling  as  if  the  face,  lips,  and  tongue  were  much  swollen. 

As  with  cannabis  indica,  time  is  over-estimated,  possibly  as  a  result  of 
the  rapid  flow  of  ideas,  and  the  inability  to  fix  the  attention.  Perception 
of  space  is  also  modified,  and  described  by  one  observer  as  giving  the  im- 
pression that  the  ground  sloped  in  all  directions.  Perception  may  be  con- 
siderably delayed ;  for  example,  one  may  look  at  a  well-known  person,  and 
it  is  only  after  scanning  his  features  for  what  appears  (to  the  experi- 
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menter)  a  considerable  time,  that  recognition  occurs ;  it  is  possible,  how- 
ever, that  this  may  be  explained  by  the  increased  time  relation.  The 
attention  cannot  be  fixed,  as  the  least  stimulus  is  sufficient  to  alter  the 
train  of  thought ;  thus  it  is  found  impossible  to  fix  the  attention  on  a  book, 
and  a  subsequent  examination  of  notes  attempted  during  intoxication 
will  probably  show  inco-ordination  both  as  regards  language  and  writing. 
A  condition  of  dual  existence  has  been  described  as  to  some  extent  com- 
parable to  the  rhythmical  rise  and  fall  of  the  "  psychical  waves  "  in  Indian 
hemp  intoxication.  But  by  far  the  most  remarkable  of  the  subjective 
phenomena  are  the  sensory  hallucinations,  especially  visual.  These  arise 
gradually,  and  are  at  first  only  seen  with  closed  eyes.  The  light  blue 
shadows,  seen  with  the  eyes  open  in  this  stage,  are  due  to  dilatation  of  the 
pupils.  In  the  early  stage  these  visions  closely  resemble  an  attack  of 
megrim — in  that  they  show  the  same  undulatory  motion  of  zigzagged 
lines.  The  visions  rapidly  become  marked,  until,  on  closing  the  eyes,  a 
regular  kaleidoscopic  play  of  colours  can  be  seen.  The  colours  may 
assume  all  kinds  of  fantastic  shapes ;  they  are  never  still,  but  constantly  in 
motion,  sometimes  in  a  circular  or  to-and-fro  manner,  but  generally  there 
is  a  kind  of  pulsation  somewhat  similar  to  that  in  the  cinematograph  ; 
pressure  to  the  eyeball  is  frequently  sufficient  to  alter  the  colours  and 
change  the  type  of  vision.  Rarely  are  visions  of  external  objects  seen,  but 
always  the  same  dashes  of  colour,  of  a  brilliance  and  blending  which,  in  the 
intoxicated  condition,  are  considered  of  indescribable  beauty,  and  even  as  a 
memory  are  still  said  to  possess  a  charm.  The  colouring  of  all  external 
objects  is  intensified.  Auditory  and  nasal  hallucinations  with  hyper- 
sesthesia  may  also  be  present,  though  less  evident  than  the  visual  phe- 
nomena. 

The  after-effects  of  such  toxic  doses  are  principally  respiratory  and 
circulatory  depression.  Nausea  may  be  present  in  the  earlier  stage,  but 
vomiting  is  rare.  Headaches  are  not  common,  but  when  present  are 
generally  confined  to  the  occipital  region.  The  alkaloids  are  all  diuretic, 
and  are  excreted  by  the  kidneys,  the  effect  being  an  entirely  passive  one, 
dependent  on  the  rise  in  blood  pressure. 

It  must  therefore  be  concluded  that  anhalonium  or  "  mescal "  acts 
differently  from  any  other  known  substance,  although  in  isolated  properties 
it  resembles  many.  Cannabis  indica,  which  at  first  it  was  thought  most 
closely  to  resemble,  differs  from  it  in  the  delusions  of  merriment  and  in  its 
hypnotic  effect,  whereas  "mescal"  never  gives  rise  to  merriment,  but  rather 
to  a  condition  of  ideal  content,  and  produces  wakefulness.  To  strychnine 
it  is  closely  related  by  its  marked  effect  on  the  brain  and  cord,  but  whereas 
strychnine  acts  mainly  on  the  cord,  the  effect  of  "  mescal "  is  mainly  cere- 
bral, and  opisthotonos  never  occurs.  Nicotine  it  resembles  in  its  effects 
on  nerve,  first  paralysing  nerve  cells  and  then  nerve  fibres.  Other  of  its 
properties  may  be  compared  to  those  of  digitalis  and  cocaine,  but  in  each 
case  with  marked  contrasts.  In  its  peculiar  stimulation  of  the  occipital 
cerebrum  it  appears  to  stand  alone. 

From  what  has  been  said  with  regard  to  the  mode  of  action  of  this 
drug,  it  will  be  observed  that  its  use  is  indicated  in  those  forms  of  cardiac 
disease  when  it  is  desired  to  directly  affect  the  muscle  of  the  heart,  for 
example,  in  fatty  degeneration. 

From  the  general  feeling  of  well-being  and  contentedness  which  follow 
its  use,  it  may  be  suggested  that  it  might  with  advantage  be  employed  as  a 
general  cerebral  stimulant,  and  exhibited  in  hysteria,  neurasthenia,  and 
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other  functional  disorders,  the  diminution  of   the  kinaesthetic  sensations 
possibly  making  it  of  special  use  in  melancholia. 
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ANILINE  AND  THE  ANILINE  DYES. 

ANILINE,  or  amide-benzene,  although  almost  unused  in  medicine,  never- 
theless bears  such  close  relations  to  a  number  of  useful  substances,  that 
a  few  words  in  reference  to  it  are  required.  Aniline  is  only  slightly 
soluble  in  water,  but  readily  dissolves  in  alcohol  and  ether ;  it  is  a  basic 
substance,  and  combines  with  acids  to  form  salts  of  which  the  sulphate  is 
the  one  generally  employed.  It  bears  some  relation  to  the  vegetable  bases, 
and  may  be  regarded  as  a  link  between  these  and  the  benzol  group. 

The  effect  on  toxicity,  caused  by  the  substitution  of  NH2  into  the 
benzene  nucleus,  is  comparatively  insignificant,  compared  with  that  which 
occurs  when  this  group  is  substituted  in  a  fatty  radical,  or  into  the  side 
chain  of  a  ring  compound.  Thus  the  action  of  aniline  resembles  ammonia 
in  the  tendency  it  has  to  produce  spasmodic  movements,  and  in  the 
paralysis  of  muscle  and  nerve  which  occur,  but,  like  benzene  and  unlike 
ammonia,  the  movements  never  assume  the  tetanic  variety.  Like  physo- 
stigmine,  aniline  sulphate  is  able  to  reproduce  rhythmical  beats  in  the 
frog's  heart  which  has  been  previously  brought  to  a  standstill  by  means 
of  muscarine :  this  is  due  to  a  direct  irritant  action  on  the  cardiac  muscle, 
and  is  not  a  true  antagonism. 

Aniline  has  been  used  clinically  in  phthisis  and  epilepsy :  in  phthisis 
the  treatment  consisted  in  the  inhalation  of  the  drug,  generally  with 
eucalyptol,  and  the  administration  of  acetanilide  by  the  mouth,  which 
splits  up  in  the  system,  aniline  being  one  of  the  products.  Employed  in 
this  manner,  aniline  has  been  supposed  to  destroy  tubercle  bacilli. 

ANILINE  DYES. — A  large  number  of  aniline  derivatives  have  at  various 
times  been  introduced  into  medicine ;  of  these  the  "  dyes,"  many  of  which 
are  now  known,  have  attracted  considerable  notice,  but  methyl  violet  or 
pyoktanin  may  be  described  as  being  the  best  known  and  most  active  of 
these.  This  dye  has  a  complex  structure,  consisting  of  a  mixture  of  methyl 
pararosanilines  in  varying  proportions,  a  factor  probably  largely  respon- 
sible for  its  varied  pharmacological  action.  For  medicinal  purposes,  these 
derivatives  are  employed  either  in  solution,  powder,  or  pencil.  Powders 
generally  contain  about  2  per  cent,  of  dye,  and  are  made  up  with  some 
inert  substance.  Methyl  violet  is  soluble  in  1  in  12  of  spirit,  and  also  in 
chloroform  and  glycerin ;  the  solution,  which  has  no  odour,  should  be 
made  fresh,  and  kept  in  the  dark,  as  it  is  decomposed  by  light. 

Pharmacology. — External. — Pyoktanin  was  first  introduced  into 
medicine  by  Stilling  of  Strassburg,  who  stated  that  it  possessed  the  power 
of  penetrating  the  tissues  and  acting  on  pathogenic  micro-organisms,  which 
he  declared  were  killed  by  the  absorption  of  the  stain.  Most  of  the  aniline 
dyes  are  antiseptic  :  1  per  cent,  solutions  of  either  methyl  violet  or  gentian 
violet  are  said  to  prevent  the  development  of  any  micro-organisms,  whilst, 
used  even  so  dilute  as  1  in  2000,  they  arrest  the  growth  of  the  Bacillus  coli 
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communis  and  the  bacillus  of  typhoid  fever;  a  1  per  cent,  solution  of 
safranin  and  some  of  the  less  active  dyes  also  hinder  the  growth  of  the 
typhoid  bacillus.  A  number  of  writers  have  asserted  that,  of  all  anti- 
septics, the  aniline  violets  are  the  most  powerful,  and  that  solutions 
containing  1  in  1000  destroy  the  organisms  of  pus.  Other  observers 
have  contradicted  these  statements,  and  believe  that  the  pus  organisms 
are  only  inhibited,  and  that  pyoktanin  is  less  effective  than  either  carbolic 
acid  or  mercury. 

Internal. — Taken  internally,  in  medicinal  quantities,  methyl  violet 
produces  no  constitutional  symptoms.  Orloff,  however,  has  described  toxic 
effects  which  may  arise  after  large  doses ;  these  include  gastric  irritation, 
with  vomiting,  salivation,  dilatation  of  the  pupils,  and  muscular  tremors. 
Methyl  violet  is  excreted  in  the  urine,  which  it  colours;  and  if  large 
quantities  have  to  be  eliminated,  irritation  of  the  renal  epithelium  may 
ensue,  and  in  a  few  cases  nephritis  has  been  observed.  A  third  of  a  grin, 
per  kilo  body  weight  produces  death  in  mammalia.  After  death  it  is 
found  that  the  blood  contains  methsemoglobin,  and  various  shrunken  red 
cells  which  are  often  devoid  of  colouring  matter,  the  heart  is  flaccid,  and 
the  mesenteric  veins  filled. 

Therapeutics. — External. — Clinically,  pyoktanin  has  been  employed 
in  a  great  variety  of  morbid  conditions.  As  a  surgical  application,  it  has 
been  used  in  the  form  of  powder  for  dusting  on  suppurating  wounds, 
chronic  ulcers,  buboes ;  as  a  solution  it  has  been  injected  into  boils,  car- 
buncles, etc.  It  has  been  advocated  for  various  diseases  of  the  eye  needing 
antiseptic  treatment,  such  as  corneal  ulcers  and  ophthalmia ;  whilst,  as  a 
pomade,  it  has  been  employed  in  such  conditions  as  marginal  blepharitis 
and  tinea  tarsi.  In  otology,  it  has  been  used  with  some  success  as  an 
antiseptic  solution  in  purulent  middle  ear  disease.  Pyoktanin  has  also 
been  used  as  a  local  application  in  diphtheria;  a  3  per  cent,  solution 
is  said  to  destroy  false  membrane,  and  to  diminish  the  pain  and 
fever. 

Methyl  violet  was  for  a  time  strongly  advocated  as  an  injection  for 
certain  forms  of  malignant  disease,  and  phthisis.  A  solution  of  1  in  500 
has  been  used  in  doses  of  2  drms.,  for  injecting  into  the  neighbourhood  of 
sarcomatous  tumours.  Manu  concluded  that  these  injections  were  able 
to  cure  some  malignant  tumours,  and  that  they  probably  acted  by  causing 
thrombosis.  Quenn,  however,  showed  that  the  aniline  dyes  when  injected 
were  not  diffusible.  Small  injections  have  also  been  made  into  tuberculous 
cavities,  and  it  has  been  stated  that  such  injections  were  well  borne,  that 
they  produced  no  reaction,  but  that  temperature  was  reduced  and  the 
tubercle  bacilli  disappeared  from  the  sputum. 

Internal. — Taken  internally,  in  doses  of  from  i  to  4  grs.,  methyl  violet 
has  been  used  to  disinfect  the  genito-urinary  tract  in  gonorrhoea,  and 
in  certain  forms  of  nephritis ;  in  Germany  it  has  further  obtained  some 
reputation  in  the  treatment  of  foot  and  mouth  disease. 

The  aniline  dyes,  and  especially  methyl  violet,  must  therefore  be 
regarded  as  possessing  considerable  germicidal  power,  but  in  view  of  the 
great  disadvantage  they  possess  of  staining  the  skin  and  linen  in  which 
they  are  in  contact,  their  use  must  continue  to  be  very  limited.  As  an 
injection  in  malignant  disease  and  in  phthisis,  their  value  is  very  doubtful, 
but,  as  a  local  application,  and  for  disinfecting  the  genito-urinary  tract  in 
such  conditions  as  gonorrhoea  and  cystitis,  it  is  possible  they  may  be  used 
with  advantage. 
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Yellow  pyoktanin  has  the  same  action  as  the  violet,  but  is  weaker ;  it 
has  the  advantage  of  not  staining  the  tissues. 
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APOCYNUM. 

(U.S.  P.) 

The  root  of  Apocynum  cannabinum,  the  Canadian  hemp,  has  been  used 
for  generations  by  the  Indians,  with  some  of  whom  it  is  still  held  a  specific 
for  rattlesnake  bite.  The  medicinal  properties  reside  in  the  root,  the 
cortical  parts  being  the  most  active.  There  can  be  little  doubt  that,  in 
the  past,  other  inactive  herbs  have  been  substituted  for  A.  cannabinum, 
especially  A.  androscemifolium,  and  the  reputation  of  the  genuine  drug  has 
sulfered  accordingly. 

Composition. — Hauseman  first  pointed  out  that  the  plant  might  con- 
tain a  heart  poison  belonging  to  the  digitalin  group,  but  it  was  left  to 
Schmiedeberg  to  separate  the  active  constituents.  He  prepared  two  bodies 
comparable  to  those  found  in  Digitalis  purpurea  and  Nerium  oleander. 

1.  Apocynin,  a  resinous   crystalline  substance,  very  easily  soluble  in 
alcohol  and  ether,  but  almost  insoluble  in  water.     This  body,  formerly 
thought  to  be  a  glucoside,  is  not,  although  suspending  it  in  water  with 
concentrated  HC1  reduces  CuO,  in  the  presence  of  an  alkali — an  effect 
probably  due  to  decomposition  products.      Like  other  members  of  the 
digitalin  group,  it  is  capable  of  producing  a  systolic  pause  in  the  frog's  heart. 

2.  The  second  constituent  is  apocyncin,  a  glucoside,  which  in  its  char- 
acters and  solubilities  agrees  with  digitalein,  but,  like  apocynin,  it  gives  no 
remarkable  reaction  with  sulphuric  acid  and  bromine. 

Taken  internally,  Apocynum  may  be  administered  in  one  of  the  follow- 
ing forms : — Powdered  root  (1-20  grs.)  ;  Tinctura  Apocyni  (1  in  10  of  60 
per  cent,  alcohol ;  dose,  30  to  60  minims) ;  Extractum  Apocyni  Fluidum 
(U.S.P. ;  dose,  5  to  15  minims). 

Pharmacology. — Apocynum  acts  principally  on  the  heart ;  it  is 
possible  with  this  substance  to  slow  down  the  heart  of  a  dog  to  such  a 
degree,  that  its  rhythm  is  little  faster  than  the  respiration — a  result  which 
cannot  be  produced  by  digitalis,  as  the  vagus  becomes  paralysed  before  this 
inhibitory  stage  is  reached.  The  force  of  the  beat  is  increased,  and  the 
heart  of  the  frog  is  stopped  in  systole.  In  mammalia,  the  heart  generally 
ceases  in  diastole.  On  the  vascular  system  its  action  to  some  extent 
resembles  that  of  digitalis ;  the  blood  pressure  is  slightly  raised,  the 
heart  is  slower,  and  beats  more  vigorously ;  still  larger  amounts  produce 
a  rapid  irregular  heart,  and  death  results  from  syncope.  These  effects  are 
due  to  a  direct  action  on  the  nerve  centres,  the  slowing  being  due  to 
stimulation,  and  the  subsequent  rapid  irregular  condition  to  paralysis  of 
the  pneumogastric  area.  The  increased  blood  pressure  is  a  result  of  con- 
traction of  peripheral  arteries  from  central  origin. 

Apocynum  acts  as  a  diuretic  through  its  cardiac  kinetic  effect,  and  is 
said  to  produce  this  result  when  all  other  diuretics  fail:  this  action  is 
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certainly  the  most  characteristic  property  of  the  drug,  and  its  marked 
influence  in  relieving  dropsy  has  given  rise  to  the  appellation,  "  the 
vegetable  trocar."  No  diaphoresis  nor  increase  of  expectoration  occur 
to  any  extent  after  moderate  dosage,  and  emesis  and  catharsis  are  only 
produced  when  the  drug  is  improperly  used. 

The  advantages  which  may  be  claimed  for  this  substance  are  the  small 
quantities  necessary  to  produce  a  free  diuresis,  its  pleasant  aromatic  taste, 
tonic  properties,  and  its  harmlessness,  an  overdose  being  followed  by 
vomiting.  There  is  some  difference  in  action  between  the  decoction  and 
tincture.  The  decoction  mainly  acts  on  the  stomach  and  intestines,  pro- 
ducing emesis  and  catharsis,  whilst  the  tincture,  on  the  contrary,  is  free 
from  intestinal  effect  even  in  large  doses.  This  is  possibly  explained  by 
the  fact  that  apocynein  is  soluble  in  boiling  water  and  insoluble  in  dilute 
alcohol,  whilst  apocynin  is  insoluble  in  boiling  water,  but  soluble  in  alcohol. 

Therapeutics. — Clinically  there  is  a  good  deal  of  conflicting  evi- 
dence as  to  the  value  of  apocynum ;  it  is  doubtful  if  it  can,  in  virtue  of 
its  cardiac  action,  be  substituted  for  digitalis  with  advantage.  Although, 
on  account  of  its  very  marked  diuretic  properties,  it  is  certainly  deserving 
of  more  use.  Given  in  small  doses,  frequently  repeated,  it  has  produced 
the  most  marked  results  in  the  relief  of  anasarca,  whether  of  renal  or 
cardiac  origin. 
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ASPIDIOSPERMA. 

(U.S.P.) 

Aspidiosperma  is  defined  by  the  U.S.P.  as  the  bark  of  Aspidiosperma 
quebracho-blano,  an  evergreen  tree,  which  is  obtained  from  Brazil  and  the 
Argentine  Republic.  Botanical  investigation  of  the  imported  bark,  known 
as  "  quebracho,"  has  shown  that  it  comes  from  at  least  four  species.  The 
best  bark  (that  containing  the  greatest  percentage  of  alkaloid)  comes  from 
Pilciao,  and  is  obtained  from  the  smaller  branches  of  the  trees.  The  genus 
Aspidiosperma  belongs  to  the  natural  order  Apocynete,  an  order  usually 
characterised  by  astringent  aromatic  resins,  and  the  property  of  furnishing 
a  juice,  at  times  innocuous,  but  frequently  very  poisonous. 

Composition. — From  the  bark  of  quebracho  six  distinct  alkaloids  have 
been  prepared,  which  appear  to  be  closely  allied  to  one  another  chemically, 
and  to  approach,  to  some  extent,  the  cinchona  group.  In  their  physio- 
logical activity  they  also  behave  very  similarly.  These  alkaloids,  in  the 
order  of  their  activity,  are  as  follows  : — 

Quebrackine,  C21H26N202,  about  0'28  per  cent. ;  aspidiospermine, 
C22H30N202,  017  per  cent. ;  aspidosamine,  quebrac/iamine,  kypoquebrachine, 
and  aspidospermatine,  C22H23N202.  They  are  white  and  crystalline,  except 
aspidosamine,  which  is  amorphous,  very  slightly  soluble  in  water,  but 
much  more  readily  so  in  alcohol  or  ether.  As  in  the  case  of  other 
alkaloids,  they  combine  with  acids  to  form  salts  which  are  soluble  in 
water,  and  are  somewhat  deliquescent  and  unstable.  It  will  be  preferable 
to  consider  the  effects  of  the  plant  as  a  whole  rather  than  to  describe 
each  alkaloid  separately;  indeed,  the  former  is  the  only  legitimate 
method,  as  exact  knowledge  concerning  the  differences  between  them  is 
very  incomplete. 
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Three  preparations  of  this  remedy  are  open  to  employment — the  official 
fluid  extract  (U.S.P.),  a  tincture  of  the  bark  (1  in  5),  in  doses  of  \  to 
1  drm.,  or  the  alkaloids,  a  mixture  of  which  is  sold  in  commerce  under  the 
name  of  aspidiospermine ;  the  latter  will  be  found  especially  useful  for 
hypodermic  injection,  in  doses  of  \  to  \  gr. 

Pharmacology.  — Taken  internally,  quebracho  has  an  astringent  and 
slightly  aromatic  taste ;  in  the  stomach  and  intestines  it  behaves  as  a 
bitter,  and  possessing  all  the  properties  of  bitters,  affects  similarly  the 
secretions  of  the  digestive  tract.  These  effects,  however,  are  only  produced 
in  very  small  doses  up  to  \  gr. ;  larger  amounts  behave  differently  and  act 
as  a  general  depressant. 

Blood. — The  alkaloids  are  readily  absorbed  into  the  blood,  on  which 
they  produce  a  direct  effect ;  this  can  be  shown  as  follows : — Take  two 
samples  of  fresh  blood,  add  to  one  quebracho  solution,  and  to  the  other  an 
equal  quantity  of  distilled  water ;  after  a  short  time  it  will  be  noticed  that, 
the  first  becomes  decidedly  more  crimson ;  in  a  deficiency  of  oxygen  (under 
mercurial  vacuum)  this  red  colour  is  said  to  be  only  moderately  produced. 
Upon  these  grounds  Penzoldt  suggested  an  explanation,  accounting  for  the 
undoubted  relief  afforded  by  quebracho  in  cases  of  dyspnoea.  He  suggested 
that  the  remedy  might,  by  its  direct  influence,  enable  the  blood  to  take  up 
more  than  the  ordinary  quantity  of  oxygen,  so  that  it  would  flow  with  a 
brighter  colour  than  usual  in  the  veins. 

Respiration. — The  specific  effect  of  most  significance  is,  that  small  doses 
of  quebracho  increase  the  depth  of  respiration,  but  do  not  alter  the  rapidity ; 
with  larger  quantities,  respiration  becomes  more  rapid,  and  much  deeper, 
giving  rise  to  a  condition  of  "  marked  dyspno3a."  This  dyspnoea  cannot  be 
due,  as  has  been  contended  by  Penzoldt  and  others,  to  a  condition  of  the 
blood,  because  it  may  be  eliminated  by  section  of  the  vagi,  an  experiment 
which  clearly  shows  that  it  is  not  caused  by  any  effect  on  either  the  blood 
or  respiratory  centre.  Quebracho,  nevertheless,  does  produce  an  effect  on 
the  respiratory  centre ;  this  can  be  seen  after  the  administration  of  very 
large  doses  to  animals,  for  the  respirations  become  arhythmical,  slower  and 
shallower,  and  ultimately  cease.  This  effect  is  still  produced  after  section 
of  the  vagi.  The  bronchial  secretion  is  increased  by  this  substance,  and 
hence  quebracho  has  been  classed  as  a  depressant  expectorant. 

Heart. — The  heart  is  not  affected,  and  after  a  lethal  dose  it  will  continue 
to  beat  strongly  for  a  considerable  time  after  respiration  has  ceased  ;  blood 
pressure  is  similarly  unaltered,  except  for  a  slight  fall,  which  occurs  when 
the  drug  is  injected  directly  into  the  circulation. 

Nervous  system. — In  medicinal  quantities  it  is  probable  that  little  effect 
is  produced  on  the  central  nervous  system,  but  poisonous  amounts  have  an 
effect  on  the  brain  and  subsequently  on  the  cord.  This  is  shown  by  the 
tremors,  increased  reflexes,  and  later  by  the  paralysis  and  absence  of  all 
reflexes.  In  rabbits  quebracho  produces  a  general  muscular  weakness, 
associated  with  a  gradually  deepening  narcosis ;  later  there  is  paralysis  with 
diminished  reflexes.  The  motor  nerve  trunks  even  during  life  are  almost 
devoid  of  activity.  The  pupils  in  the  narcotic  condition  are  dilated. 

Temperature. — Quebracho  lowers  the  temperature  of  the  body.  The 
injection  of  0'0075  grin,  alkaloid  per  kilo  body  weight,  to  a  rabbit,  causes  a 
fall  of  3°  C.  in  the  rectum  in  about  fifty  minutes.  In  the  fevered  animal 
(for  example,  one  whose  temperature  has  been  previously  raised  by  the 
injection  of  diphtheria  toxine)  the  fall  of  the  temperature  is  more  marked 
and  more  constant.  The  cause  of  the  fall  cannot  be  said  to  be  established, 
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but  is  probably  due  to  a  central  effect,  although  the  contraction  of  abdominal 
vessels,  which  occurs  after  an  exhibition  of  this  drug,  may  by  filling  the 
peripheral  circulation  assist  the  fall. 

The  extent  of  our  knowledge  with  regard  to  the  physiological  action  of 
the  separate  alkaloids  is  still  very  incomplete.  In  the  frog,  voluntary 
muscle  is  paralysed  by  the  local  action  of  all,  and  aspidosamine  and  hypo- 
quebrachine  also  paralyse  motor  nerve-endings.  Aspidiospermine  increases 
the  amplitude  of  the  respiratory  movements  to  a  more  marked  degree  than 
the  others.  Quebrachine  on  the  frog  behaves  similar  to  the  other  alkaloids, 
but  on  mammalia  its  action  is  said  to  be  twenty  times  as  great,  and  its 
antithermic  properties  are  more  marked.  Large  doses  (1  gr.).  either  by  the 
mouth  or  hypodermically,  produce  an  emetic  effect  similar  to  that  of 
apomorphine. 

Therapeutics. — Quebracho  has  been  but  little  used  as  a  drug  in 
Great  Britain,  but  has  been  more  extensively  tried  in  America,  and  a  large 
mass  of  clinical  evidence  goes  to  show  that  it  is  of  real  use  in  various 
forms  of  dyspnoea.  Without  prejudicial  consequences  it  may  be  advocated 
in  asthma,  emphysema  and  dyspnoea  due  to  cardiac  failure,  the  relief  being 
described  in  many  cases  as  almost  immediate.  Quebracho  has  also  been 
employed  to  lower  the  temperature  in  pyrexia  where  quinine  has  failed. 
The  drug  is  unique  in  its  effect  on  respiration,  and  is  distinctly  worthy  of 
more  attention  than  it  has,  so  far,  obtained  in  Great  Britain. 
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EXALGIN. 

The  greater  number  of  benzenoid  compounds  possess  in  some  degree 
antiseptic,  antipyretic,  and  analgesic  properties,  but  generally  one  of  these 
properties  is  predominant,  throwing  the  others  into  insignificance.  When 
an  (OH)  group  is  substituted  in  the  benzene  nucleus,  antiseptic  properties 
are  most  marked  ;  the  substitution  of  NH2  produces  antipyretic  properties, 
whilst  if  one  of  the  hydrogen  atoms  of  this  amide  group  is  replaced  by  a 
fatty  hydrocarbon,  the  analgesic  effects  are  predominant.  Exalgin  belongs 
to  the  analgesic  group,  and  its  relation  to  antifebriu  is  seen  from  the  two 
formulae  — 


S.NS.CO.CH.J  /\^ 


(Antifebriu.)  (Exalgin.) 


caCH, 


Exalgin  was  introduced  in  1889  by  Dujardin-Beaumetz  and  Baudet  as 
a  substitute  for  acetanilide.  It  is  a  tasteless  powder,  soluble  1  part  in  60 
of  water,  and  very  soluble  in  alcohol  ;  it  closely  resembles  acetanilide, 
differing  from  it,  however,  in  its  greater  solubility  in  water. 

Pharmacology.  —  Small   doses   administered  to  mammalia  produce 
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disinclination  to  movement  and  somnolence,  together  with  a  considerable 
fall  in  blood  pressure,  whilst  in  toxic  quantities  (0'5  grm.  per  kilo  body 
weight)  epileptoid  convulsions  and  profuse  salivation  supervene.  The  con- 
vulsions are  separated  by  intervals,  during  which  there  is  cyanosis,  dyspnoea, 
and  agitation,  death  subsequently  resulting  from  respiratory  failure.  These 
convulsions  can  be  arrested  by  anesthetics,  and  are  probably  to  some  extent 
both  spinal  and  cerebral  in  origin.  Exalgin  is  eliminated  by  the  urine, 
and  is  said,  in  cases  of  diabetes  mellitus,  to  lessen  both  the  urine  and  the 
quantity  of  sugar  excreted,  although  these  effects  are  never  lasting. 

Therapeutics. — The  drug  owes  its  value  to  the  analgesic  properties 
which  it  possesses  when  administered  in  doses  of  0'2  to  O5  grrn. ;  it  is  said 
to  act  favourably  in  some  cases  in  which  antipyrine  and  phenacetin  have 
failed  or  are  contra-indicated. 

Exalgin  has  been  used  with  success  in  the  relief  of  neuralgia,  sciatica, 
migraine,  and  chorea ;  and  although  generally  inferior  in  certainty  and 
safety  to  either  acetanilide  or  phenazone,  yet  it  has  the  advantage  that  it 
does  not  cause  irritation  of  the  stomach,  rashes,  or  cyanosis  so  readily  as 
either  of  these  bodies.  Exalgin  is  essentially  an  analgesic,  its  antipyretic 
and  antiseptic  properties  only  being  developed  in  unsafe  doses.  In  all  cases, 
when  commencing  to  use  the  drug,  it  is  safer  to  begin  with  small  doses, 
the  initial  dose  not  exceeding  3  grs.  It  is  most  conveniently  administered 
with  a  little  tincture  of  orange,  in  which  it  readily  dissolves. 
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GOTO  AND  PARACOTO. 

Goto  bark  was  introduced  into  commerce  under  that  name  in  1873, 
although  it  had  been  previously  known  under  other  names,  and  was  con- 
founded with  Winter's  bark  as  far  back  as  1857. 

Paracoto,  from  an  allied  tree,  is  the  bark  usually  seen  in  commerce ;  its 
action  closely  resembles  that  of  coto,  but  is  less  effective.  The  barks  of 
both  these  trees  are  obtained  from  Bolivia  and  Brazil. 

Composition. — -From  coto  a  yellow  crystallisable  substance  can  be 
prepared,  termed  cotoin,  C14H1204  (the  chief  constituent);  it  is  readily 
soluble  in  hot  water,  chloroform,  ether,  alcohol,  but  only  slightly  in  cold 
water.  Three  other  allied  bodies,  but  with  a  feebler  action,  have  also 
been  prepared.  From  paracoto  a  distinct  active  substance,  paracotoine, 
C19H1:>0(;,  has  been  separated,  the  physical  action  and  therapeutic  properties 
of  which  resemble  those  of  cotoin. 

Both  barks  contain  piperonylic  acid,  but  neither  has  an  albumin  pre- 
cipitating body  such  as  tannic  acid. 

Pharmacology  and  therapeutics. — The  injection  of  cotoin  in 
animals  gives  negative  results,  and  even  as  much  as  1  grm.  produced  only 
local  symptoms  in  the  rabbit.  In  healthy  men  the  administration  of  1  gr. 
doses  is  followed  by  some  constipation,  and  there  is  said  to  be  an  increase 
of  appetite.  Cotoin  passes  through  the  stomach  unchanged,  and  is  absorbed 
in  the  small  intestines.  It  has  been  asserted  that  it  is  an  excellent  anti- 
septic, but  Albertoni  has  shown  that  it  has  no  such  action  in  the  alimentary 
canal,  although  it  may  retard  putrefaction  outside  the  body.  Albertoni 
also  demonstrated  that  coto  had  a  very  marked  effect  in  dilating  the 
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intestinal  vessels,  thus  improving  the  nutrition  and  increasing  the  absorp- 
tive power ;  he  believes  that  all  the  beneficial  results  obtained  by  the  drug 
in  intestinal  diseases  are  to  be  ascribed  to  this  effect.  Clinically,  cotoin  has 
been  used  to  check  the  night  sweats  in  phthisis,  and  has  been  used  with 
considerable  success  in  all  forms  of  diarrhrea,  especially  those  of  phthisis, 
cholera,  and  dysentery.  It  is  also  said  to  produce  excellent  results  in 
children  suffering  from  marasmus  with  intestinal  troubles.  It  is  usually 
given  as  a  tincture  in  doses  of  10  to  30  minims. 
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GOLD. 

Gold  has  been  known  and  used  for  medicinal  purposes  from  the  very 
earliest  times.  Paracelsus,  in  his  work,  "  Vom  Langen  Leben,"  says  :  "  Of 
all  elixirs,  gold  is  the  most  potent."  Nevertheless,  it  was  not  until  the 
beginning  of  the  nineteenth  century  that  the  metal  and  its  salts  attracted 
the  serious  attention  of  the  medical  world. 

Gold,  besides  forming  single  salts,  combines  to  form  a  large  number  of 
double  ones,  of  which  (AuCl3.NaCl+2H20)  may  be  taken  as  an  example, 
and  hence  the  number  of  compounds  which  have  been  advocated  for 
therapeutic  use  are  very  numerous.  The  following  list  includes  those  which 
have  been  most  extensively  advocated,  or  which  are  likely  to  prove  most 
useful : — Chloride  of  gold,  AuCl3 ;  chloride  of  gold  and  sodium,  AuCl3Nad ; 
chloride  of  gold  and  ammonia,  NH4C1  AuCl3 ;  gold  cyanide,  AuC3N3 ;  and 
gold  bromide,  AuBr3.  Of  these  none  are  official  (B. P.),  but  Auri  et  Sodii 
Chloridum  is  official  (U.S.P.).  It  is  necessary  for  pharmacological  purposes 
that  all  preparations  of  gold  should  be  recently  prepared,  as  they  are 
specially  liable  to  decompose  on  keeping,  and  whether  made  up  as  a  pill, 
powder,  or  solution,  should  be  stored  out  of  contact  with  air,  arid  away  from 
light. 

Administration. — Three  principal  methods  have  been  adopted  for  the 
administration  of  gold — (1)  Friction  of  the  salt  on  the  tongue  and  gums. — 
This  use  has  been  specially  advocated  for  the  cyanide  in  tertiary  syphilis, 
but  is  open  to  obvious  objections,  not  the  least  of  which  is  the  purplish 
discoloration  of  the  parts  rubbed.  (2)  Subcutaneous  injection. — A  method 
of  special  advantage,  where  it  is  desired  to  give  large  quantities  of  the 
metal,  as  by  this  means  the  objectionable  gastric  symptoms  are  avoided, 
and  the  desired  result  can  be  produced  by  a  smaller  dose.  (3)  By  the 
mouth. 

Pharmacology. — Auri  chloridum  (dose,  0405  to  0'2  grs.)  is  the  most 
familiar  salt  of  gold,  and  its  physiological  action  may  be  taken  as  showing 
the  typical  effects  of  the  metal.  It  more  closely  resembles  a  corrosive  than 
the  other  salts,  and  is  the  most  active  compound  of  gold.  Chloride  of 
gold  is  very  unstable,  and  is  readily  reduced  by  air,  light,  or  the  presence 
of  organic  matter.  In  the  mouth  it  has  a  metallic  and  astringent  taste, 
and  in  concentration  produces  a  purplish  discoloration  of  the  mucous  mem- 
brane. Salivation  is  not  produced,  either  directly  or  specifically,  although, 
after  the  absorption  of  large  amounts,  there  is  an  affection  of  the  gums 
very  similar  to  that  which  occurs  during  mercury  poisoning. 
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Gastro-intestinal  tract. — On  reaching  the  stomach,  gold  probably  first 
combines  with  sodium  chloride  to  form  the  double  salt,  AuCl3.NaCl,  which 
then  further  combines  with  proteid,  forming  an  albuminate  comparable  to 
that  formed  by  mercury.  Small  quantities  have  little  local  action,  but 
larger  amounts,  especially  when  administered  on  an  empty  stomach,  give 
rise  in  a  few  minutes  to  nausea,  vomiting,  and  pain ;  subsequently  a  local 
irritant  effect  may  also  be  produced  on  the  bowels,  resulting  in  an  increased 
peristalsis,  colicky  pains,  and  diarrhoea. 

Experiments  undertaken  by  the  author  show  that  gold  is  not  absorbed 
to  any  appreciable  extent  in  the  stomach,  the  active  absorptive  area  being 
a  comparatively  small  part  of  the  duodenum,  beginning  some  little 
distance  from  the  pylorus.  The  gold  so  absorbed,  probably  as  albuminate, 
gets  into  the  system  and  exerts  its  specific  effects.  These  are  probably 
due  almost  entirely,  directly  or  indirectly,  to  the  action  of  the  metal  on 
the  central  nervous  system. 

Cardio-vascular  system. — Small  doses  produce  a  quicker  heart  and 
slightly  lower  the  blood  pressure.  Large  doses  both  diminish  the  force 
and  rapidity  of  the  heart,  and  give  rise  to  a  considerable  fall  in  pressure ; 
this  condition,  however,  is  one  which  is  only  likely  to  be  observed  in  man 
in  cases  of  acute  poisoning,  and  would  then  probably  be  quickly  followed 
by  a  reaction,  with  a  low  blood  pressure  and  a  quick  soft  pulse.  This 
effect  is  largely  central,  the  impulses  passing  down  the  vagi. 

Gold  produces  an  active  vaso-dilatation  of  all  abdominal  viscera,  and  the 
fall  of  blood  pressure  which  results  after  the  exhibition  of  the  metal  is 
largely  due  to  this  factor.  The  dilatation  of  the  renal  vessels  is  especially 
marked,  and  is  responsible  for  the  diuretic  effects  of  the  metal.  The 
increase  in  the  excretion  of  urine  does  not  come  on  till  some  two  or  three 
hours  after  administration,  but  the  effect  when  produced  is  much  more 
lasting  than  that  which  ocimrs  from  such  a  drug  as  caffeine.  Gold  from 
the  earliest  of  times  appears  to  have  had  a  reputation  as  an  aphrodisiac : 
with  the  object  of  testing  the  validity  of  this  statement,  experiments  were 
performed  in  which  it  was  demonstrated  that  the  testis  undergoes  an 
active  vascular  dilatation  after  even  small  doses,  a  condition  favourable 
to  glandular  activity,  and  in  this  respect  gold  may  be  looked  upon  as  an 
aphrodisiac. 

Nervous  system. — Gold  has  a  marked  effect  on  the  central  nervous 
system,  the  main  result  of  small  doses  being  one  of  general  stimulation, 
whilst  larger  quantities  give  rise  to  paralysis.  From  experiments  on  animals 
it  seems  that  the  parts  first  affected  are  the  optic  lobes  and  cerebellum, 
and  later  the  cord  and  cerebrum. 

Metabolism. — That  this  metal  can  modify  nutrition,  so  as  to  overcome 
chronic  pathological  processes,  can  hardly  be  doubted  in  face  of  the  large 
mass  of  clinical  evidence  which  has  been  brought  to  bear.  It  has  been 
largely  used  for  the  absorption  of  scleroses,  and  in  all  conditions  in  which 
there  is  a  tendency  to  the  accumulation  of  connective  tissue,  and  it  has 
been  found  particularly  valuable  in  late  tertiary  syphilis.  It  is  not 
maintained  that  gold  should  be  substituted  for  the  older  syphilides, 
mercury  and  potassium  iodide,  but  that  in  those  late  and  inveterate  cases, 
refusing  to  yield  to  either  of  these,  it  may  produce  the  best  of  results ; 
large  doses  are  then  often  required,  and  even  10  grs.  per  diem  has  been 
reached.  The  alterative  effects  of  gold  may  be  further  illustrated  by  the 
emaciation  resulting  after  a  prolonged  exhibition  of  the  metal.  The  causes 
of  these  alterative  changes  are  not  fully  established,  but  are  probably  due 
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to  the  increased  activity  of  the  central  nervous  system,  and  to  the  vaso- 
motor  changes. 

Excretion. — Gold  is  excreted  by  the  rectal  mucosa,  and  combines  with 
sulphur  in  the  bowel,  giving  a  dark  brown  colour  to  the  faeces,  in  which  it 
can  be  detected.  After  excessive  doses,  traces  of  gold  may  be  found  in  the 
urine. 

Therapeutics. — The  two  following  salts  are  most  often  used 
medicinally. 

BROMIDE  OF  GOLD  (Au.Br3). — (Dose,  ^  to  \  gr.).  This  salt  is  non- 
deliquescent,  readily  soluble  in  water,  and  if  not  exposed  to  light  may  1  >e 
kept  for  a  considerable  time  without  undergoing  change.  A  double  salt 
(AuBr3KBr+2H20)  appears  to  be  somewhat  more  stable,  and  a  suitable 
form  for  hypodermic  injection ;  it  may  be  given  in  doses  up  to  §  gr. 
Gold  bromide  has  been  largely  used  in  the  treatment  of  epilepsy,  the 
special  advantages  claimed  for  it  being  that  it  is  more  effective  in  allaying 
the  fits,  that  it  does  not  produce  the  lassitude  and  depression  to  the  same 
extent  as  the  other  bromides,  and  is  better  tolerated  by  the  patient. 
Experimental  investigations  on  animals  have  shown  that  gold  bromide 
controls  artificially  produced  epileptiform  convulsions  more  effectually 
than  the  other  bromides.  Convulsions  produced  by  electrical  stimulation 
of  the  cortex  cerebri  required  0'003  gnu.  AuBr3,  per  kilo  of  body  weight, 
injected  intravenously,  to  control  them ;  when  the  salt  was  subcutaneously 
injected,  larger  quantities  were  required  to  produce  the  same  effect,  and 
when  given  by  the  mouth  as  much  as  O'l  gnu.  per  kilo  body  weight  was 
sometimes  necessary.  In  this  controlling  influence  AuBr3  is  consider- 
ably more  active  than  the  other  bromides,  roughly  in  the  proportion  of 
about  1  to  5  or  1  to  6,  and  as  there  is  only  a  little  over  50  per  cent,  of 
bromine  present  in  the  salt,  this  element  will  not  account  for  the  effect  alone. 

AURI  ET  SODII  CHLORIDUM  (U.S.P.)  (dose,  TV  to  ±  gr.)  is  a  mixture  of 
equal  parts  of  AuCl3  and  NaCl,  and  should  contain  about  32  per  cent, 
gold.  In  appearance  it  is  an  orange-coloured,  slightly  deliquescent 
powder,  very  soluble  in  water.  It  makes  a  convenient  form  for  the 
administration  of  gold,  and  is  less  irritant  than  the  simple  chloride,  which 
its  physiological  properties  resemble.  This  salt  is  principally  used  as  an 
alterative,  small  doses  being  said  to  promote  constructive  metabolism. 

From  this  evidence  brought  forward,  it  appears  then  that  gold  is  a 
valuable  alterative,  modifying  nutrition,  stimulating  the  central  nervous 
system,  and  producing  active  vaso-dilatation  of  the  abdominal  viscera ;  it 
is  said  to  have  been  attended  with  much  success  in  the  treatment  of 
hystero-epilepsy,  melancholia,  sexual  debility,  and  syphilis,  and  some 
observers  have  placed  much  stress  on  the  increased  waste  which  is  pro- 
duced by  its  continued  administration,  this  waste  being  said  to  especially 
affect  connective  tissue  of  pathological  origin,  as  we  have  already  described 
under  the  head  of  effects  on  metabolism. 
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HELLEBORUS  NIGER. 

Preparations  of  hellebore  were  so  famous  among  the  ancients  as  a 
remedy  for  madness,  and  indeed  for  many  other  ailments,  that  the  plant  has 
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acquired  a  literary  as  well  as  a  pharmacological  interest.  Helleborus  niger 
is  a  low  perennial  herb,  belonging  to  the  Kanunculacete  ;  it  grows  in  South 
and  Eastern  Europe,  and  is  cultivated  in  England  as  a  garden  nower,  and 
known  as  the  Christinas  rose. 

Composition. — The  rhizome,  the  part  employed  in  medicine,  contains 
two  crystalline  glucosides — helleborein,  readily  soluble  in  water,  but  in- 
soluble in  ether ;  and  helleborin,  insoluble  in  water,  but  soluble  in  ether. 

Pharmacology.  —  Helleborein,  C37H5(J018,  is  obtained  from  the 
aqueous  extract  by  preparing  from  it  the  tannin  compound  of  the 
glucoside,  and  treating  this  with  lead  hydroxide,  which  liberates  the 
helleborein.  It  has  a  sweetish  taste,  and  is  an  active  cardiac  poison 
belonging  to  the  digitalis  group.  Helleborein  applied  directly  to  the 
conjunctiva  behaves  as  a  local  anaesthetic;  T^  gr.  produces  complete 
anaesthesia  of  the  cornea,  lasting  from  a  half  to  one  hour,  without  altera- 
tion of  the  pupil  or  intraocular  pressure ;  as  there  is  also  no  irritation 
of  either  the  cornea  or  lids,  it  has  been  suggested  as  a  substitute  for 
cocaine,  the  advantage  claimed  for  it  being  the  long  duration  of  the 
amesthesia.  When  injected  subcutaneously,  loss  of  sensation  is  produced 
locally,  but  its  employment  for  this  purpose  is  objectionable  on  account 
of  its  cardiac  effect. 

Taken  internally  by  the  mouth,  helleborein  exerts  its  action  principally 
on  the  intestinal  canal  and  the  heart.  Perfusion  of  the  isolated  frog's 
heart  produces  an  effect  much  the  same  as  if  it  were  being  perfused  with 
digitalin :  it  ultimately  stops  in  systole.  Small  doses  in  mammalia  slow 
the  heart  and  cause  a  rise  in  blood  pressure ;  the  slowing  is  mainly  due 
to  peripheral  irritation  of  the  vagus  nerve  terminals,  and  the  rise  in 
pressure  to  the  increased  cardiac  energy,  together  with  peripheral  vascular 
constriction.  In  larger  amounts  the  heart  is  quickened,  but  the  blood 
pressure  still  continues  above  normal.  As  compared  with  digitalis,  the 
cardiac  effect  produced  by  this  substance  is  quantitatively  weaker.  In 
toxic  doses  the  heart  becomes  very  quick  and  feeble,  respiration  from 
being  rather  rapid  gradually  changes  to  the  slow  laboured  type,  and  later 
there  may  be  a  condition  of  general  weakness  associated  with  con- 
vulsions. Death  occurs  as  a  result  of  cardiac  failure. 

Like  digitalin,  helleborein  in  small  doses  possesses  cardiac  tonic  pro- 
perties, and  it  has  been  advocated  as  a  hypodermic  injection,  instead  of  the 
former  glucoside,  for  the  asserted  reasons  that  it  is  more  soluble  and  more 
rapidly  absorbed  and  eliminated. 

Involuntary  muscle  throughout  the  body  is  stimulated,  by  the  adminis- 
tration of  helleborein  peristalsis  is  increased,  and  diarrhoaa  is  a  frequent 
result ;  the  involuntary  muscle  of  the  bronchi,  spleen,  and  uterus  is  also 
stimulated  to  contract.  Helleborein,  like  digitalin,  may  produce  copious 
diuresis,  especially  in  morbid  conditions  of  the  heart  when  the  urine  is 
diminished. 

Helleborin,  C,;H1007,  may  be  obtained  from  the  ethereal  extract  of 
the  rhizome  by  treating  it  with  light  petroleum  to  remove  the  fatty  com- 
pounds, and  then  with  acetone,  which  dissolves  tarry  and  colouring  matters, 
helleborin  being  left.  This  body  is  even  more  toxic  than  helleborein,  from 
which  it  possesses  entirely  different  properties.  Taken  internally,  it  has  a 
burning  acrid  taste,  and  soon  after  reaching  the  stomach  gives  rise  to 
nausea,  pain,  and  vomiting.  In  a  short  time  there  is  violent  diarrhoea  with 
acute  abdominal  pain,  and,  later,  the  freces  are  found  to  contain  blood. 
Administered  in  non-fatal  doses,  the  more  remote  action  of  the  drug  on 
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nerve  tissue  is  well  brought  out.  Auimals  first  show  excitement  and 
restlessness ;  this  is  soon  followed  by  paralysis  of  the  hind-limbs,  and 
tremors ;  this  condition  gradually  changes  to  one  of  profound  paralysis,  and 
more  or  less  complete  amesthesia,  during  which  the  respiration  becomes 
slow,  and  the  pupils  widely  dilated.  All  this  time  the  heart  is  but  little 
affected. 

Post-mortem  examinations  of  animals  so  poisoned  show  a  condition  of 
acute  gastro-enteritis,  with  extravasations  of  blood  scattered  under  the 
mucous  membrane.  The  brain  and  cord  are  in  all  cases  found  con- 
gested. 

Therapeutics. — Helleborus  niger  is  but  little  used  in  medicine  at 
the  present  time,  on  account  of  its  effect  on  the  alimentary  canal.  Taken 
internally  as  a  tincture  (1  in  8),  dose  i  to  1  drm.,  the  combined  effects  of  the 
glucosides  are  obtained,  as  shown  by  the  cardiac  effect,  and  the  vomiting 
and  purging ;  the  tincture  has,  however,  been  employed  to  produce  this 
drastic  effect  intentionally,  and  also  as  an  emmenagogue.  Helleborein,  in 
doses  of  from  -g-1^  to  \  gr.,  may  be  used  as  a  hypodermic  injection  in  place 
of  digitalin,  where  a  rapid  result  is  desired.  Helleborin,  on  account  of  its 
combined  nervous  and  gastro-irritant  action,  is  not  likely  to  prove  of  future 
use  in  medicine. 

NECTANDK.E  CORTEX. 

The  Nectandra  rodicei  is  a  large  forest  tree,  growing  on  rocky  soils  in 
British  Guiana,  and  the  neighbouring  parts  of  N.  America. 

Composition. — It  contains  many  closely  related  alkaloids,  of  which 
beberine,  C3(jH42N206,  formerly  thought  to  be  buxine,  but  really  a  distinct 
alkaloid,  is  the  most  important.  These  alkaloids,  together  with  tannin, 
are  found  principally  in  the  bark,  although  the  wood  is  also  said  to  con- 
tain them  to  a  small  extent.  The  bark  was  official  (B.P.)  1884. 

The  alkaloid  was  originally  proposed  as  a  substitute  for  quinine  in 
malaria.  .  The  sulphate  of  beberine  of  commerce  is  probably  a  mixture  of 
sulphates  of  several  alkaloids;  it  is  freely  soluble  in  water  and  spirit, 
but  can  only  be  crystallised  with  much  difficulty. 

Pharmacology  and  therapeutics. — Beberine  behaves  in  the 
stomach  as  a  bitter ;  it  first  lessens  the  secretion  of  the  gastric  juice,  but 
some  time  afterwards  (generally  about  half  an  hour)  gives  rise  to  a  very 
marked  increase,  and  hence  it  may,  like  other  bitters,  be  taken  half  an 
hour  before  food,  for  the  purpose  of  increasing  the  secretion  of  gastric 
juice.  Three  grs.  injected  into  a  frog  cause  death  in  six  and  a  half  hours ; 
at  first  there  is  a  period  of  quiescence,  with  accelerated  breathing  and 
diminished  reflexes ;  then  tonic  and  clonic  movements  supervene,  soon 
followed  by  general  convulsions  and  muscular  weakness. 

In  a  slight  degree  beberine  acts  as  an  antipyretic,  antiperiodic,  and  anti- 
septic ;  it  exerts  a  destructive  influence  over  infusorial  life,  but  is  not  so 
powerful  in  this  respect  as  cinchona.  Like  quinine,  it  arrests  the  movements 
of  the  white  blood  corpuscles,  but,  in  contrast  to  this  drug,  Pohl  has  shown, 
by  experiments  on  dogs,  that  the  leucocytes  are  increased.  Clinically, 
beberine  sulphate  may  be  administered  in  doses  of  from  1  to  10  grs.,  as  a 
substitute  for  quinine ;  it  should  be  remembered,  however,  that  whilst 
quinine  is  a  powerful  drug,  beberine  in  comparison  is  very  feeble ;  never- 
theless it  is  possible  that  in  those  cases  in  which  quinine  is  not  well  taken, 
it  may  be  of  use  as  an  antiperiodic,  and  also  in  the  treatment  of  some 
forms  of  neuralgia. 
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PHLORIDZIN. 

Phlorid/in  was  first  isolated  by  Koninck  in  1835 ;  it  is  a  crystalline 
glucoside,  occurring  in  the  root  bark  of  the  apple,  pear,  cherry,  and  plum 
tree ;  it  is  sparingly  soluble  in  cold  water,  but  much  more  so  in  hot  water 
or  in  dilute  alkaline  solutions.  If  a  watery  solution  of  phloridzin,  acidified 
with  a  little  dilute  sulphuric  acid,  is  heated,  the  phloridzin  is  rapidly 
decomposed  into  sugar,  which  remains  in  solution,  and  phloretin,  which  is 
precipitated  in  the  form  of  a  crystalline  powder. 

C21H24010  +  H20  =  C6H12Oa  +  C16IIM06 
(Phloridzin.)  (Glucose.)     (Phloretin.) 

Pharmacology. — The  discovery  that  this  substance,  administered 
in  requisite  amounts  to  certain  animals,  produces  glycosuria,  belongs  to 
v.  Mering.  In  his  first  thesis  on  the  subject  he  was  able  to  isolate  from  the 
urine  of  animals  treated  with  phloridzin  a  crystalline  substance,  possessing 
all  the  physical  characteristics,  the  rotatory  power,  and  the  reducing  pro- 
perties of  glucose,  and  was  also  able  to  show  that  this  reducing  substance 
was  almost  entirely  sugar,  since  estimation  by  Fehling's  solution,  by 
alcoholic  fermentation,  and  by  polarimetry,  gave  almost  identical  results. 

The  sugar  excreted  cannot  have  for  its  origin  the  sugar  produced  by 
the  decomposition  of  the  glucoside,  because  not  only  is  the  amount  excreted 
far  in  excess  of  the  weight  of  phloridzin  administered,  but  phloretin,  the 
complementary  part  of  the  sugar  in  phloridzin,  itself  produces  glycosuria. 
From  v.  Mering's  experiments  on  dogs,  he  concluded  that  the  quantity 
of  sugar  excreted  is  independent  of  the  kind  of  food  taken ;  e.g.  with 
a  diet  composed  largely  of  carbohydrates,  the  same  quantity  of  sugar 
was  excreted  as  when  the  diet  was  principally  meat.  After  starvation 
the  administration  of  phloridzin  still  produced  an  intense  glycosuria. 
v.  Mering  also  tried  to  discover  if  there  was  any  relation  between  the 
amount  of  nitrogen  and  the  amount  of  sugar  excreted.  He  states  that 
the  excretion  of  nitrogen  in  the  dog  is  not  affected  by  phloridzin  when  the 
animal  is  receiving  a  mixed  diet,  but  that  during  starvation  phloridzin  pro- 
duces a  great  increase  in  the  nitrogen,  sometimes  even  doubling  it.  From 
this  he  concludes  that  part  of  the  sugar  is  derived  from  the  breaking 
down  of  proteids.  Fat  administered  to  the  starving  animals  will  to  some 
degree  prevent  the  increased  excretion  of  nitrogen.  Cremer  and  Eitter 
performed  some  valuable  experiments  with  starved  rabbits,  by  estimating 
the  nitrogen  and  sugar  after  the  administration  of  phloridzin  ;  they  found 
that  in  these  animals  also  there  was  a  relation  between  the  sugar  and 
nitrogen  excreted,  a  result  which  they  likewise  used  to  suggest  that  the 
sugar  was  derived  from  the  decomposition  of  proteid.  Moritz  and 
Prausnitz  also  attempted  to  establish  a  similar  relation,  but  with  less  con- 
vincing results.  Eeilly,  Nolan,  and  Lusk  showed  that,  after  frequent  sub- 
cutaneous injections  of  phloridzin  in  starving  dogs,  it  is  possible  to  ulti- 
mately establish  a  ratio  of  dextrose  to  the  nitrogen  in  the  urine,  which 
they  represent  as  3'75  :  1 ;  this  indicates  a  proportion  of  60  grms.  of  dextrose 
from  100  grms.  of  proteid  in  starving  animals. 

The  possibility  of  the  liver  being  in  some  way  connected  with  phloridzin 

glycosuria  has  been  much  studied,     v.   Mering  came  to  the  conclusion 

that  the  sugar  was  not  derived  from  glycogen,  because  it  is  still  present  in 

the  urine  of  dogs  after  starving  during  eighteen  days,  in  which  time  all  the 
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glycogen  should  have  disappeared  ;  and  for  the  further  reason  that  starving 
geese,  whose  livers  have  been  extirpated,  became  markedly  diabetic  when 
phloridzin  was  administered.  Klilz  and  Wright,  however,  showed  that  the 
starved  animals  are  not  devoid  of  glycogen,  and  that  starved  geese,  after 
the  administration  of  phloridzin,  only  excrete  a  trace  of  sugar.  Prausnitz, 
reinvestigating  the  question,  kept  four  dogs  as  far  as  possible  under  the 
same  conditions,  and  killed  them  at  the  same  time ;  in  two  of  them  he 
estimated  the  glycogen,  and  in  the  other  two  the  sugar  and  glycogen  after 
the  administration  of  phloridzin ;  he  concluded  that  the  sugar  eliminated, 
following  on  the  phloridzin,  can  by  no  means  be  derived  entirely  from 
glycogen,  and  therefore  some  at  least  must  proceed  from  the  decomposi- 
tion of  albumin.  Pick  further  showed  that,  if  the  function  of  the  hepatic 
cells  is  suppressed  by  the  injection  of  an  acid  solution  into  the  hepatic 
duct,  the  intensity  of  the  glycosuria  produced  by  the  administration  of 
phloridzin,  either  subcutaneously  or  by  the  mouth,  is  not  modified. 

To  sum  up,  it  may  be  taken  as  proved  that  the  eliminated  sugar  is  not 
constructed  in  the  liver,  and  indeed  the  suppression  of  the  hepatic  function 
may  even  increase  the  phloridzic  glycosuria. 

Minkowski,  in  his  classical  work  on  Pancreatic  Diabetes,  also  made 
reference  to  the  mechanism  of  the  diabetes  produced  by  means  of  phloridzin  ; 
he  considered  that  the  glycosuria  is  not  provoked  by  the  action  of 
phloridzin  on  the  pancreas,  and  this  for  two  principal  reasons — (a)  Ex- 
tirpation of  the  pancreas  in  geese  does  not  produce  glycosuria,  whilst  the 
administration  of  phloridzin  does ;  (b)  phloridzin  given  to  an  animal 
suffering  from  diabetes,  as  a  result  of  pancreatic  extirpation,  is  followed  by 
an  increased  excretion  of  sugar. 

It  may  be  well  to  notice  here  that  the  glycosuria  varies  considerably, 
according  to  the  animal  used  and  the  method  of  administration  of  the 
phloridzin.  It  has  been  abundantly  proved  that  in  dogs  the  internal 
administration  of  1  grm.  phloridzin  per  kilo  body  weight  causes  an 
excretion  of  sugar  approaching  50  grnis.,  the  sugar  disappearing  in  a 
maximum  time  of  three  days.  In  rabbits  much  larger  amounts  of  phloridzin 
are  required  to  be  given  by  the  mouth  before  any  glycosuria  is  produced ; 
and  at  all  times,  in  these  animals,  glycosuria  produced  by  this  method  of 
administration  is  trivial.  Cremer  and  Kitter  believe  that  this  is  to  be 
explained  by  the  fact  that  the  digestive  tract  of  the  rabbit,  being  acid,  has 
difficulty  in  dissolving  the  phloridzin.  According  to  Klilz  and  Wright, 
administering  phloridzin  to  frogs  by  the  mouth  does  not  produce  glyco- 
suria ;  but  Cremer  says  that  when  it  is  introduced  into  the  dorsal  lymphatic 
sac,  sugar  may  be  discovered  next  day. 

Small  amounts  of  phloridzin,  administered  subcutaneously,  will  give 
rise  to  glycosuria,  which,  however,  disappears  more  rapidly.  Eabbits  are 
easily  provoked  to  excrete  sugar  by  this  means.  Quinquaud  showed  that 
intravenous  injection  of  phloridzin  produced  a  notable  quantity  of  sugar 
in  the  urine  a  quarter  of  an  hour  after  injection,  v.  Mering  injected  5 
grms.  of  phloridzin  into  a  man  affected  with  sarcoma  during  thirty  con- 
secutive days,  with  a  result  that  on  an  average  9  7 '9  grms.  sugar  were 
passed  per  day.  The  sugar  disappeared  from  the  urine  a  day  after  the 
treatment  was  stopped. 

Much  discussion  has  taken  place  as  to  the  relationship  of  the  sugar  in 
the  urine  to  the  sugar  in  the  blood.  Many  authorities  have  asserted  that 
the  sugar  in  the  blood  is  either  diminished  or  at  least  not  increased,  a 
statement  they  have  used  to  support  the  view  that  glycosuria  is  a  local 
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renal,  not  a  general  metabolic  effect.  According  to  Pavy,  the  percentage 
of  sugar  is  always  increased  in  the  blood  by  giving  phloridzin,  although 
this  increase  is  not  in  proportion  to  the  glycosuria ;  and  there  is  a  con- 
sensus of  opinion  that  the  sugar  in  the  blood  is  not  in  sufficient  quantity 
to  account  for  the  glycosuria.  In  view  of  this  fact,  Minkowski  thought 
that  phloridzin  determined  the  passage  of  normal  sugar  through  the 
kiduey ;  he  showed,  in  support  of  this  statement,  that  the  quantity 
of  sugar  in  the  blood  is  not  increased  by  extirpation  of  the  kidneys. 
Zuntz,  in  a  striking  experiment,  demonstrated  that  phloridzin,  injected 
directly  into  one  renal  artery,  produced  in  a  short  time  glycosuria,  which 
was  at  first  confined  to  that  kidney  into  which  it  was  directly  injected. 
From  these  various  experiments  it  appears  certain  that  the  kidney  has  an 
important  influence  in  producing  phloridzin  glycosuria. 

Phloridzin  offers  a  good  opportunity  for  studying  the  power  of 
adaptation  which  the  organism  possesses  towards  drugs.  Rabbits  in  almost 
perfect  equilibrium  of  nutrition,  when  given  phloridziu,  at  first  lose  weight, 
while  they  eliminate  sugar ;  but  presently,  although  there  is  still  the  same 
elimination  of  sugar,  the  loss  of  weight  ceases :  this  may  be  explained  by 
supposing  that  the  animals  economise  their  waste  in  other  directions. 

Cornevin  asserted  that  the  sugar  in  milk  was  increased  by  phloridzin. 
He  does  not  state,  however,  whether  this  increase  is  dextrose  or  lactose, 
and  both  Pappenheim  and  Cremer  deny  any  such  increase.  Phloridzin 
administered  to  dogs  is  completely  absorbed  by  the  digestive  tract,  none 
being  detected  in  the  fcfices.  In  whichever  method  it  is  given,  it  appears 
to  be  entirely  excreted  by  the  kidneys  unchanged,  and  the  glycosuria 
always  ceases  with  the  disappearance  of  the  phloridzin  from  the  urine. 

After  the  long-continued  administration  of  phloridzin,  certain  post- 
mortem changes  have  been  observed.  Trambusti  and  Nesti  described  in 
dogs  Ebstein's  hyaline  degeneration  of  the  kidneys  as  in  true  diabetes.  As, 
however,  these  observers  describe  a  simultaneous  albuminuria,  which  others 
assert  never  occurs,  as  the  result  of  chronic  intoxication  with  phloridzin, 
it  is  unnecessary  to  attribute  the  pathological  change  to  the  phloridzin. 
Further  investigations  are  required  on  this  point. 

In  conclusion,  we  have  in  phloridzin  a  substance  which,  when  given  to 
animals  and  man,  causes  sugar,  together  with  acetone,  oxybutyric  acid,  and 
other  bodies  to  appear  in  the  urine.  This  excretion  of  sugar  only  occurs 
when  the  phloridzin  is  being  excreted  by  the  kidneys ;  it  does  not  depend 
on  any  condition  of  the  liver  or  pancreas,  and  its  intensity  varies  rather 
with  the  quantity  of  phloridzin  administered  than  on  the  kind  of  food  taken. 
It  is  extremely  probable  that,  through  the  agency  of  this  substance,  some 
change  is  effected  in  the  renal  epithelium  whereby  sugar  is  allowed  to 
escape  into  the  urine.  As  long  as  the  animal  is  well  provided  with  food, 
the  excreted  sugar  is  not  associated  with  any  abnormal  katabolic  proteid 
change,  which  would  be  shown  by  increased  urinary  excretion  of  nitrogen  ; 
but  when  phloridzin  is  administered  to  starving  animals,  the  excretion  of 
sugar  entails  a  considerable  destruction  of  proteid  tissue,  as  shown  by  the 
increase  of  nitrogen  excreted,  and  the  deposition  of  fat  in  the  liver 
cells. 

This  glycosuria  is  certainly  distinct  in  origin  from  the  other  forms  of 
experimental  glycosuria  (such  as  may  be  produced  by  cerebral  puncture 
or  extirpation  of  the  pancreas),  as  is  shown  by  the  comparatively  small 
increase  in  the  sugar  of  the  blood,  which  bears  no  relation  to  the  sugar 
excreted. 
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PIPERAZINE. 

Piperazine  is  a  hygroscopic  alkaloid  soluble  in  about  1  in  4  of  water, 

NH 

prr  /   >>riTT 
and  having  the  formula    ~jL     \^-      It  was  prepared  originally  by  Hof- 

NH 

mann,  by  the  action  of  ethylene  dichloride  on  ammonia,  and  was  for  a  time 
placed  on  the  market  as  synthetic  spermine,  although  later  shown  to  have 
no  chemical  relationship  or  pharmacological  properties  in  common  with 
this  body. 

Pharmacology  and  therapeutics. — Administered  to  animals,  it 
produces  vomiting,  some  rise  of  blood  pressure,  irregular  respiration,  and 
later  muscular  weakness.  It  is  also  said  to  decrease  the  time  of  coagula- 
tion of  the  blood,  a  result  undoubtedly  true  when  added  directly  to  freshly 
drawn  blood.  Hildebrandt  showed  that  small  quantities  inhibited  the 
influence  of  hydrolytic  ferments,  although  without  exerting  any  destroying 
effect. 

It  was,  however,  on  account  of  the  physical  property  which  piperazine 
has  of  dissolving  uric  acid  that  its  trial  in  medicine  depended.  In  cold 
aqueous  solutions  it  combines  with  uric  acid,  and  will  dissolve  twelve  times 
the  amount  which  lithium  carbonate  would  dissolve  under  similar  conditions. 
The  piperazine  urate  so  formed  is,  moreover,  roughly  about  seven  times 
more  soluble  than  the  lithium  urate,  and  an  acid  salt  is  not  formed  even 
in  the  presence  of  great  excess  of  uric  acid,  a  direct  contrast  to  the  result 
with  lithium  carbonate.  It  has  been  further  stated  that  piperazine  will 
not  only  dissolve  uric  acid,  but  also  the  albuminous  substances  in  calculi. 
From  these  facts,  dealing  exclusively  with  the  physical  properties,  a 
number  of  totally  unwarranted  conclusions  have  been  drawn  with  regard 
to  its  value  in  disease,  especially  in  gout. 

Although  a  watery  solution  of  piperazine  (1  in  1000)  has  a  marked 
effect  in  dissolving  uric  acid,  yet  a  similar  solution  of  piperazine  in  urine 
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has  no  effect  whatever  in  aiding  solution  ;  further,  it  has  been  shown  that 
even  when  very  large  doses  are  given  to  patients  by  the  mouth,  the  urine 
does  not  dissolve  uric  acid  calculi,  hence  the  alkaloid  administered 
internally  must  be  considered  valueless  in  the  treatment  of  such  calculi. 
Nor  can  any  value  it  may  possess  in  gout  be  attributed  to  its  physical 
properties.  Piperazine  0'2  per  cent,  in  blood  serum  or  synovial  fluid — an 
amount  never  likely  to  be  attained  in  the  living  body — has  no  effect  in 
increasing  the  solubility  of  sodium  biurate  in  these  media.  The  total 
nitrogen  excreted,  according  to  the  bulk  of  observations,  appears  to  be 
little  altered  by  the  administration  of  this  alkaloid,  and  it  is  possible  that 
the  beneficial  results  obtained  by  some  observers  may  be  attributed  to 
the  diuretic  effect  which  the  drug  exerts. 

Piperazine  is  non-irritant  to  mucous  surfaces ;  a  5  per  cent,  solution 
has  been  used  with  some  success  for  injecting  directly  into  the  bladder,  for 
the  purpose  of  breaking  down  stone  ;  also  as  a  1  per  cent,  solution  it  has  been 
applied  to  "  gouty  sores  "  for  the  relief  of  pain  and  to  accelerate  healing. 
Piperaziue  has  been  reported  to  be  of  considerable  value  as  an  injection  in 
the  treatment  of  cystitis  and  gonorrhoea.  It  is  interesting  to  note  that 
this  alkaloid  has  been  employed  with  pronounced  success  for  phloridizin 
diabetes,  a  result  which  has  been  used  to  suggest  its  possible  value  in 
diabetes  mellitus.  When  employed  in  medicine  it  is  usually  given — often 
as  a  granular  effervescing  powder — in  doses  of  3  to  10  grs.,  dissolved  in  a 
large  quantity  of  water. 

Several  other  ammonia  compounds  have  also  been  introduced  at 
various  times  as  solvents  for  uric  acid.  Two  of  these  may  be  mentioned, 
namely — TETRETHYL  AMMONIUM  HYDROXIDE  (CoH5)4N.OH  and  UROTRO- 
PINE  (CH2)fcN4 ;  both  these  are  excreted  in  the  urine,  but  evidence  as  to 
their  value  in  gout  is  wanting.  Cammidge  has  shown  that  urotropine 
produces  no  effect  on  the  urine  in  health.  Some  of  it  appears  in  that 
fluid  unchanged.  It  is  a  powerful  urinary  antiseptic,  especially  if  the 
urine  is  acid.  How  it  acts  is  not  known ;  certainly  there  is  no  formal- 
dehyde in  the  urine,  as  was  formerly  thought.  It  is  probably  our  best 
urinary  antiseptic,  and  may  be  used,  whenever  the  urine  is  decomposing, 
for  bacteriuria,  for  nocturnal  enuresis  of  children  when  due  to  B.  coli, 
and  particularly  to  destroy  the  large  number  of  typhoid  bacilli  excreted 
in  the  urine  after  the  second  week  of  the  disease.  Occasionally  it  causes 
a  measly  rash  accompanied  by  much  itching.  The  dose  is  10  to  15  grs. 
thrice  a  day  by  mouth.  It  is  soluble  in  water. 
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RHUS   TOXICODENDKON. 
(U.S.P.) 

The  vegetable  kingdom  contains  a  considerable  number  of  plants,  which 
on  contact  with  the  skin  produce  irritation  and  sometimes  inflammation 
(such  as  mezereon,  nettle,  parsnip,  hornbeam,  hop),  but  none  produce  so 
severe  an  effect  as  Rhus. 

The  fresh  leaves  of  Rhus  toxicodendron,  R.  radicans,  or  the  poison  oak, 
are  official  in  the  U.S.P.  The  plant  is  abundant  throughout  the  United 
States,  and  is  occasionally  to  be  met  with  in  England,  although  not  a  native 
to  this  country.  Other  species  of  Rhus,  R.  venenata,  R.  pumila,  R.  diversi- 
loba,  and  R.  vernicifera,  which  yields  the  Japanese  lacquer,  have  very 
similar  properties,  though  they  are  less  marked  than  in  the  case  of  R. 
toxicodendron.  Lesions  produced  by  Rhus  may  be  erythematous,  vesicular, 
pustular,  or  bullous  in  character,  according  to  the  virulence  of  the  poison 
and  susceptibility  of  the  skin.  Khittel  considered  the  action  due  to  an 
alkaloid ;  Maisch,  by  the  distillation  of  the  fluid  expressed  from  the 
leaves,  produced  an  acid,  "  toxicodendric  acid,"  which  was  irritant,  and 
which  he  believed  to  be  the  active  principle.  Buchheim  held  the  active 
ingredient  to  be  cardol.  Pfaff  readily  prepared  "  toxicodendric  acid  "  by 
the  steam  distillation  of  the  acidulated  leaves,  and  proved  that  it  was 
acetic  acid.  He  further  extracted  the  leaves  with  alcohol,  distilled,  washed 
the  residue  with  water,  and  dissolved  it  in  ether :  the  ethereal  extract  was 
further  washed  with  water,  and  the  ether  evaporated  off,  leaving  an  oily 
substance  having  the  peculiar  properties  of  the  plant.  This  substance 
slowly  oxidises  in  air,  forming  a  resin.  It  combines  with  metals  to  form 
bodies  which,  after  decomposition,  leave  the  oil  with  all  its  irritant  pro- 
perties— a  characteristic  which  was  made  use  of  by  Pfaff  in  obtaining  a 
pure  specimen.  This  oily  substance,  which  is  soluble  in  alcohol,  ether, 
or  chloroform,  but  insoluble  in  water,  he  terms  toxicodendrol. 

Pharmacology  and  therapeutics. — The  leaves  of  R.  toxico- 
dendron contain  3'3  per  cent.,  fruit  3'6  per  cent.,  and  the  stems  and 
branches  1/6  per  cent,  of  toxicodendrol.  A  small  quantity  applied  to  the 
skin  produces  the  typical  eruption  after  a  variable  latent  period  (eighteen 
hours  to  four  or  even  nine  days).  The  condition  begins  with  itching,  soon 
followed  by  erythema,  accompanied  by  a  sensation  of  burning.  The 
erythema  is  later  associated  with  vesicles,  of  which  there  are  usually  a 
large  number,  and  which  may  become  confluent,  although  they  are  more 
generally  discrete.  In  severe  cases  the  vesicles  develop  into  pustules,  which 
rupture  and  discharge,  turning  into  yellow  crusts.  Even  abscesses  have 
occasionally  been  seen.  During  the  stage  of  vesication  there  is  invariably 
some  swelling  and  oedema  of  the  part.  Pfaff  found  in  some  cases  O'OOl 
grm.  toxicodendrol,  applied  to  the  arm,  produced  redema  with  many 
hundreds  of  vesicles ;  whilst  in  one  case  O'OOOOl  grm.,  dissolved  in  two 
drops  of  almond  oil  was  sufficient  to  produce  a  marked  effect.  Frank 
also  made  a  few  experiments  with  toxicodendrol,  and  he  found  it  inactive 
on  himself,  a  fact  which,  he  considered,  to  be  an  example  of  the  great 
difference  in  susceptibility  which  people  exhibit  to  external  irritants.  It 
has  been  sufficiently  proved  that  an  insusceptible  person  may,  after  being 
in  contact  with  rhus,  and  although  he  may  have  apparently  thoroughly 
washed  in  the  meantime,  infect  a  second  person.  Popular  tradition  even 
has  it  that  contact  is  not  necessary  to  get  the  eruption,  and  Maisch  says : 
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"  Several  persons  coming  into  the  room  whilst  I  was  engaged  with  it 
(Ehus  toxicodendron)  were  more  or  less  poisoned  by  the  vapours  diffused  in 
the  room."  It  is  probable,  however,  in  view  of  Pfaff's  work  (the  poisonous 
oil  is  not  volatile),  that  this  is  incorrect,  and  the  only  certain  manner  in 
which  the  rash  can  be  communicated  is  by  direct  contact  with  the  plant  or 
from  person  to  person. 

The  eczematous  condition,  when  once  developed,  frequently  spreads  to 
other  parts  of  the  body ;  this  can  be  prevented  by  keeping  the  inflamed 
part  constantly  bandaged,  so  that  the  poison  cannot  be  disseminated.  The 
rational  treatment  of  such  a  condition  must  consist  principally  in  getting 
rid  of  the  irritant  by  means  of  much  washing  with  soap  and  water,  or  with 
repeated  fresh  quantities  of  alcohol,  and  this  should  be  done,  no  matter 
what  stage  the  eruption  may  be  in.  Subsequently,  it  may  be  treated  as 
one  of  ordinary  eczema. 

Very  little  exact  information  exists  regarding  the  effects  obtained 
when  taken  internally.  Toxic  quantities  produce  drowsiness  and  stupor, 
soon  followed  by  vomiting,  the  vomited  material  being  said  to  consist  of  a 
thick  viscid  fluid  of  a  brown  colour ;  later,  delirium  and  convulsions  may 
occur.  Nephritis  and  fatty  degeneration  are  readily  produced  by  rhus. 
A  single  large  dose  is  sufficient  to  cause  suppression  of  the  urine,  followed 
later  by  albuminous  urine  containing  blood  and  renal  epithelium,  an  effect 
probably  due  to  an  intense  constriction  of  renal  vessels,  developing  as  the 
effect  begins  to  wear  off  into  one  of  moderate  dilatation. 

It  is  doubtful  whether  toxicodendrol  can  be  used  as  a  substitute  for 
cantharides  to  promote  the  growth  of  hair,  as  the  susceptibility  of  different 
people  varies  to  such  a  large  degree,  and  even  minute  quantities  in  some 
are  followed  by  considerable  oadema.  Khus  has,  however,  been  employed 
with  beneficial  results  in  chronic  rheumatic  affections,  sciatica,  lumbago, 
muscular  and  joint  diseases,  and  for  incontinence  of  the  urine  from  atony  of 
the  bladder.  It  has  also  won  some  success  as  a  local  agent  in  skin  diseases 
needing  stimulant  treatment. 
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SAPONIN. 

The  group  of  sapoiiins  contains  a  number  of  glucosides  widely  distri- 
buted throughout  the  vegetable  kingdom,  and  which,  with  few  exceptions, 
readily  dissolve  in  water,  thereby  producing  a  frothiness.  Some  are  crys- 
talline, some  are  amorphous.  The  chemistry  of  these  bodies  is  but  little 
understood.  Kobert  considers  that  many  belong  to  the  homologous  series, 
CnH2n..80,0 ;  on  heating  with  an  acid,  they  produce  glucose  and  an  inactive 
substance,  sapogiuiu,  and  many  of  them  combine  with  bases  to  form  salts. 
Commercial  saponin  is  usually  obtained  from  quillaia  bark,  which  contains 
two  amorphous  toxic  glucosides,  namely,  quillaic  acid  soluble  in  alcohol, 
and  sapotoxin  insoluble  in  alcohol — both  cause  frothing;  besides  these, 
there  is  a  carbohydrate  body  and  an  inert  saponin,  apparently  distinguish- 
able from  quillaic  acid  only  by  its  want  of  toxicity,  and  Kobert  suggests  that 
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to  this  inactive  body  the  name  saponin  should  be  restricted.  Sapotoxin, 
quillaic  acid,  and  this  saponin  all  yield  the  same  bodies  on  hydrolysis,  and 
hence  they  appear  to  be  closely  related.  The  term  sapotoxin,  it  should  be 
said,  is  often  applied  to  the  more  active  members  of  the  group  of  saponins, 
but  is  used  somewhat  loosely.  The  following  list  of  plants  includes  those 
containing  some  of  the  most  active  of  the  saponins : — 

Saponaria  qfficinalis,  4  to  5  per  cent,  sapotoxin  ) 

/-\   '77   •  •     f\  /  most  active. 

Qmllata  saponarta,  9  per  cent,  sapotoxin  j 

Polygala  senega  (senegin  and  polygalic  acid). 

Agrostemma  githago. 

Cyclamen  Europeum. 

Caulophyllum  thalictroides. 

Hemidesmus  indicus. 

Primula  ojficinalis. 

Smilax,  various  species. 

Digitalis  purpurea  (digitonin). 

Pharmacology. — The  saponins  from  these  plants  vary  very  con- 
siderably in  toxicity ;  for  example,  senegin  is  only  about  one-eighth  as 
active  as  the  sapotoxine  from  quillaia,  whilst  digitouin  is  almost  devoid  of 
activity.  They  also  vary  in  their  rate  of  absorption;  thus  the  saponin 
from  Agrostemma,  being  absorbed  rapidly,  quickly  produces  toxic  effects. 

The  active  saponins  are  strongly  irritant ;  rubbed  directly  into  the  skin, 
they  cause  smarting  and  redness ;  if  taken  internally,  in  sufficient  amount, 
they  give  rise  to  gastro-enteritis  with  nausea,  vomiting,  colicky  pains,  and 
diarrhoea.  The  specific  action  of  these  bodies  is  rarely  seen  when  they  are 
administered  in  this  fashion,  on  account  of  their  very  slow  rate  of  absorp- 
tion. Injected  subcutaneously,  acute  inflammation  with  much  redness 
and  oedema  of  the  surrounding  tissues  occurs,  and  subsequently  there  is 
local  sloughing  of  the  parts  affected. 

Saponin  produces  a  direct  effect  on  freshly  drawn  blood ;  the  coagula- 
tion time  is  retarded,  the  red  corpuscles  are  destroyed,  and  haemoglobin  is 
set  free.  When  injected  into  the  circulation  of  a  living  animal,  a  similar 
destruction  of  red  corpuscles  occurs,  and  the  plasma  contains  haemoglobin 
which  finds  its  way  into  the  urine. 

Injected  directly  into  a  vein,  saponin  is  absorbed  rapidly,  and  its  specific 
effects  may  be  thus  studied.  Small  amounts  produce  a  general  weakness 
with  disinclination  to  move,  and  the  animal  can  with  difficulty  be 
sufficiently  roused  to  eat.  Slightly  larger  amounts  cause  vomiting,  diarrhoea, 
and  dyspnoea,  the  latter  produced  as  a  result  of  bronchial  constriction; 
subsequently  there  is  paralysis  of  the  central  nervous  system,  followed 
by  general  collapse.  Post  mortem,  a  characteristic  lesion  of  the  duodenum 
and  ileum  is  seen,  the  mucous  membrane  is  inflamed  and  swollen, 
Peyer's  patches  being  particularly  prominent.  Effusions  of  blood  are 
frequently  to  be  observed  starting  from  the  subserosa,  and  sometimes 
extending  through  all  the  mucosa  and  submucosa.  The  kidneys  are  usually 
to  some  extent  affected,  and  present  an  appearance  very  similar  to  that 
seen  in  poisoning  by  cantharidin.  The  lymphatic  glands  in  the  abdomen 
are  swollen.  Very  large  intravenous  injections  may  produce  death  in  a 
few  minutes  by  respiratory  failure. 

The  beat  of  the  isolated  frog's  heart  is  rapidly  arrested  in  diastole  by 
saponin,  the  nervous  mechanism  having  been  previously  paralysed ;  the 
beat  may,  however,  be  reproduced  by  the  direct  application  of  digitalin, 
and,  vice  versa,  saponin  will  again  start  the  heart  which  has  been  stopped 
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by  digitalin.  After  injections  of  saponin  into  the  circulation  of  mammalia, 
the  blood  pressure  falls  gradually  and  the  heart  is  slowed,  death  occurring 
either  from  general  collapse  or  respiratory  failure.  Applied  to  the  isolated 
nerve  muscle  preparation,  peripheral  nerve-endings  are  first  paralysed, 
and  later  the  muscle  is  affected  and  refuses  to  contract  to  direct  stimuli ; 
microscopical  examination  of  muscle,  so  affected,  shows  a  condition  in 
which  the  transverse  stri;e  have  become  very  indistinct.  Saponin  in  small 
quantities  is  a  general  protoplasmic  poison,  cilia  cease  to  move,  and  amrebte 
and  intestinal  worms  are  killed. 

Therapeutics. — Small  doses  administered  to  man  have  an  acrid, 
unpleasant  taste,  and  produce  a  raw  feeling  in  the  throat;  this  is  soon 
followed  by  a  tendency  to  cough  and  an  increased  now  of  mucus.  As 
saponins  are  only  absorbed  very  slowly,  it  is  possible  by  their  use  to 
maintain  a  gentle  degree  of  expectorant  action  for  a  considerable  time. 
Saponin  may  be  used  in  all  cases  where  mucus  is  accumulating  in  the 
chest,  and  it  is  desirable  to  promote  free  expectoration ;  it  acts  partly  as 
an  irritant,  producing  cough,  and  partly  by  stimulating  the  secretion.  Used 
as  a  snuff,  it  gives  rise  to  sneezing  and  increased  secretion  from  the  nasal 
passages.  Saponin  has  also  been  used  with  advantage  as  a  local  stimulant 
to  chronic  ulcers. 

Many  of  the  drugs  containing  saponins  as  the  active  principle  are  of 
little  use  in  medicine,  but  senega  and  quillaia  are  both  employed  for  the 
expectorant  action  of  their  saponin.  Senega  has  no  advantages  as  com- 
pared with  quillaia ;  the  latter  contains  five  times  as  much  saponin,  and  is 
besides  cheaper,  pleasanter  in  taste,  and  less  nauseating. 
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(3-TETKAHYDRONAPHTHYLAMINE. 

Stern  first  drew  attention  to  the  interesting  series  of  phenomena  which 
he  had  observed  in  animals  after  the  administration  of  various  hydrated 
derivatives  of  /3-naphthylamine.  The  most  remarkable  of  these  is  the  rise 
in  the  body  temperature,  a  rise  far  in  excess  of  that  which  can  be  produced 
by  the  exhibition  of  any  other  known  chemical  substance.  When  injected 
into  a  rabbit,  Stern  showed  that  the  rectal  temperature  rapidly  rose  4°'5  C. 
These  pyretic  phenomena  were  amply  confirmed  by  Fawcett  and  Hale 
White,  who  also  investigated  the  cause  of  the  pyrexia,  like  Stern  employing 
rabbits  in  their  experiments. 

In  all  the  experiments  respiration  was  quickened,  being  about  double 
the  normal  at  the  maximum  temperature  in  the  dog  and  rabbit ;  in  the 
cat  the  rate  was  enormously  increased,  reaching  a  rapidity  about  ten  times 
the  usual  rate. 

The  other  symptoms  observed  in  animals,  as  a  result  of  the  administration 
of  jS-tetrahydronaphthylamine,  are : — Wide  dilatation  of  the  pupils,  which 
do  not  react  to  light  (especially  well  seen  in  cats  and  dogs),  slight  protrusion 
of  the  eye,  and  a  marked  cardiac  effect.  The  frog's  heart,  perfused  with  a 
very  dilute  solution,  1  in  10,000,  is  slowed,  the  force  of  the  beat  and  the 
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length  of  the  systole  at  the  same  time  being  increased ;  the  beat  may  be 
again  quickened  by  the  use  of  atropine.  The  total  effect  on  the  frog's 
heart  closely  resembles  that  of  veratrine.  In  mammalia  small  quantities 
injected  into  the  circulation  produce  some  fall  of  pressure,  due  to  vagal 
cardiac  inhibition,  followed  usually  by  a  rise,  the  heart  beating  much  more 
forcibly  than  before;  this  effect  is  entirely  cardiac  and  not  vasomotor  in 
origin.  In  all  cases  in  which  there  is  any  rise  of  temperature  observed, 
the  heart  is  markedly  affected.  Larger  quantities  produce  paralysis,  and, 
later,  convulsions,  and  in  a  few  cases  diarrhoea  has  been  observed;  the 
animal  eventually  dies  from  cardiac  failure.  It  is  interesting  to  note  that 
the  drug  loses  much  of  both  its  pyretic  and  cardiac  effects  when  ad- 
ministered to  animals  under  the  influence  of  diphtheria  toxine. 

The  following  three  experiments  by  the  author  illustrate  the  rise  of 
temperature  in  the  rabbit,  cat,  and  dog  respectively : — 


Time  at  the  Commence- 
ment of  Experiment. 

Rabbit,  2'6  Kilos  (3  c.c., 
3  per  Cent.  Solution). 

Cat,  4  Kilos  (4  c.c.,  3  per 
Cent.  Solution). 

Dog,  7'7  Kilos  (5  c.c.,  3 
per  Cent.  Solution). 

38°  '4  C. 

39°  -3  C.  (resp.  25) 

38°  '9  C. 

After  \  hour. 

39°  "8  „ 

39°'8  „  (    „     144) 

40°  '2  ,, 

„      1      „ 

41°'l  „ 

39°'6  „  (    ,,    212) 

41°'5  ,, 

„    14  „ 

42°  '5  „ 

38°  '3  ,, 

41°-6  „ 

,,      2      ,, 

42°  '8  ,, 

38°'0  ,,  (    ,,    252) 

41°'l  „ 

„    24  „ 

41°'7  „ 

37°  '8 

39°'8  „ 

The  cause  of  the  pyrexia  is  not  yet  conclusively  demonstrated ;  it  is 
obvious  that  it  cannot  be  due  to  diminution  of  loss  of  heat,  because  rabbits 
do  not  lose  heat  by  the  skin  ;  and,  further,  judging  by  the  increased  rapidity 
of  respiration,  and  the  fact  that  dogs  breathe  with  the  mouth  open  and  the 
tongue  out  (as  if  fatigued  after  exertion),  there  must  be  a  considerably 
increased  loss  of  heat.  The  very  small  rise  of  temperature  noted  in  the 
cat  may  probably  be  accounted  for  by  the  enormously  quick  respiration. 
The  typical  rise  in  temperature  is  much  too  rapid  and  great  to  be  explained 
by  any  increased  movement  which  may  occur,  and  is  rather  comparable  to 
that  produced  by  lesions  of  the  corpus  striatum.  From  these  facts  it  is 
probable  that  the  pyrexia  is  due  to  an  increased  production  of  heat,  but 
whether  this  is  initially  central  or  peripheral  is  not  certain. 

In  conclusion,  although  this  substance  is  at  present  only  of  scientific 
interest,  it  is  quite  possible  that  it  may  be  of  use  in  the  future ;  small 
doses,  O'Ol  to  O05  grin.,  have  a  general  stimulant  action  on  the  heart 
respiration,  and  especially  on  metabolism ;  it  is,  however,  a  powerful  remedy, 
and  one  which  should  be  used  with  caution. 
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ORGANOTHERAPY. 

IN  the  following  article  the  effect  of  giving  to  man  the  following  organs  of 
one  of  the  lower  animals  will  be  considered  : — (1)  Thyroid  body ;  (2)  supra- 
renal body  ;  (3)  thymus ;  (4)  spleen  ;  (5)  pituitary  body ;  (6)  ovary ; 
(7)  testicle ;  (8)  bone  marrow. 

THYKOID  BODY. 
(B.P.) 

There  are  in  the  British  Pharmacopoeia  two  official  preparations  of  the 
thyroid  gland,  namely — 

(1)  LIQUOR  THYROIDEI  (Thyroid  solution). — A  liquid  prepared  from  the 
fresh  and  healthy  thyroid  gland  of  the  sheep.     One  hundred  minims  repre- 
sent the  active  principles  of  one  entire  thyroid  gland.     It  contains  33  per 
cent,  of  glycerin,  and  0'33  per  cent,  of  phenol.     Dose,  5  to  15  minims. 

(2)  THYROIDEUM  SICCUM  (Dry  thyroid). — A  powder  prepared  from  the 
fresh  and  healthy  thyroid  gland  of  the  sheep  by  drying  at  a  temperature  of 
90°  to  100°  F.,  powdering,  and  removing  fat  by  treating  with  petroleum 
spirit,  and  again  drying.     The  strength  is  not  specified.     Dose,  3  to  10  grs. 

In  addition  to  these  official  preparations,  elixirs,  dry  extracts,  com- 
pressed tablets  of  dry  thyroid,  and  capsules  containing  thyrocolloid,  are 
prepared  and  largely  used  for  therapeutic  purposes. 

Chemistry  and  nature  of  active  constituent  of  the  thyroid. — 
According  to  R.  Hutchison,  the  thyroid  contains  two  proteids,  namely,  a 
nucleo-albumin  and  the  colloid  matter.  The  nucleo-albumin,  which  is 
present  in  small  amount,  is  probably  derived  from  the  cells  lining  the 
acini. 

The  colloid  matter,  which  is  present  in  large  amount  in  the  acini,  con- 
tains a  small  amount  of  phosphorus  and  a  considerable  proportion  of 
iodine.  It  is  not  allied  to  mucin,  and  is  not  a  compound  of  true  nuclein, 
nor  does  it  contain  paranuclein.  It  is  split  up  by  gastric  digestion  into 
two  parts,  a  proteid  and  a  non-proteid,  the  latter  containing  all  the  phos- 
phorus of  the  original  colloid,  together  with  a  large  proportion  of  the 
iodine.  The  colloid  matter  is  the  only  active  constituent  of  the  gland,  and 
while  both  the  parts  into  which  it  can  be  split  up  are  active,  the  non- 
proteid  is  much  more  so  than  the  proteid.  The  colloid  matter  can  be 
obtained  as  follows : — The  glands  freed  from  connective  tissue  and  fat  are 
finely  chopped,  and  then  extracted  in  the  cold  witli  water,  containing  5  per 
cent,  magnesium  sulphate,  or  dilute  alkali  (1  in  1000  caustic  soda).  Ex- 
traction is  repeated  thrice,  each  time  for  about  six  hours,  a  few  drops  of 
chloroform  being  added  to  prevent  putrefaction.  The  product  is  strained 
through  muslin.  On  addition  of  a  few  drops  of  acetic  acid,  an  abundant 
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tlocculent  precipitate  is  obtained.  This  may  be  purified  by  redissolving 
in  dilute  alkali  and  reprecipitating  with  acetic  acid. 

Hutchison  gives  0'309  per  cent,  as  the  average  proportion  of  iodine  in 
dried  colloid,  but  the  percentage  varies  within  wide  limits  in  individual 
cases.  The  same  observer  has  attempted  to  determine  the  relation  of  the 
iodine  to  the  activity  of  the  gland  substance,  and  concludes  that  the  iodine, 
if  it  plays  an  essential  part  in  the  activity  of  the  gland,  does  so  simply  in 
virtue  of  the  special  form  of  combination  in  which  it  is  present.  Of  the 
products  of  digestion  of  the  colloid  matter,  only  those  which  contain  iodine 
are  active,  and  the  degree  of  activity  is  roughly  proportional  to  the  amount 
of  iodine  which  is  present.  It  should  be  mentioned  that  Mirva  and  Stoltzner 
found  that  no  iodine  was  present  in  the  thyroids  of  young  infants  or  in 
those  of  dogs  fed  exclusively  on  meat,  and  from  this  conclude  that  the 
presence  of  iodine  is  not  really  essential  for  the  activity  of  the  gland. 

lodothyrin  is  a  triturate,  with  sugar  and  milk,  of  substance  obtained 
from  the  thyroid  gland,  containing  iodine  in  firm  chemical  combination,  and 
claimed  by  Baumann  and  Roos  to  be  the  active  principle.  It  is  prepared 
"  by  means  of  petroleum  ether  solution  in  soda,  and  precipitation  by  sul- 
phuric acid."'  It  is  adjusted  in  strength  so  as  to  contain  0'03  per  cent,  of 
iodine,  a  proportion  which  closely  corresponds  to  that  of  iodine  in  the  fresh 
thyroid  gland.  It  is  absolutely  free  from  the  albuminoid  materials  with 
which  it  is  combined  in  the  thyroid  gland.  Its  dose  is  the  same  as  that 
of  thyroid  gland  substance,  15  to  30grs.  a  day.  It  has  been  shown  to  have 
practically  the  same  physiological  and  therapeutic  effects  as  thyroid  sub- 
stance itself.  It  is  claimed  for  it  that  it  is  more  readily  assimilated  and 
acts  more  rapidly,  as  well  as  with  greater  certainty,  than  other  prepara- 
tions of  thyroid  gland,  but  we  are  not  satisfied  that  its  claim  to  superi- 
ority is  justified  by  results. 

Pharmacology.  —  Blood.  —  During  the  administration  of  thyroid 
gland,  while  there  is  little  change  in  the  number  of  the  red  and  white 
corpuscles,  the  relative  proportion  of  the  monouuclear  leucocytes  to  the 
polymorphous  forms  becomes  altered,  there  being  an  increase  of  the  lym- 
phocytes at  the  expense  of  the  polymorphous  leucocytes.  The  increase  of 
the  lymphocytes  has  been  observed  to  begin  about  the  third  day,  and  to 
last  for  several  days  after  the  administration  of  the  remedy  has  ceased. 
At  the  height  of  administration  the  lymphocytes  appear  to  be  smaller 
than  normal.  These  observations  have  prompted  the  suggestion  that 
thyroid  substance  acts  as  a  direct  stimulant  to  the  lymphatic  or  adenoid 
tissues,  whose  function  is  the  production  of  lymphocytes.  Formanek  and 
Huskovec  found  that  thyroidectomy  led  to  a  progressive  decrease  in  the 
number  of  red  corpuscles  with  the  appearance  of  microcytes,  and  increase 
in  number  of  leucocytes.  After  thyroidectomy,  administration  of  thyroid 
extract  improves  the  blood  condition  and  increases  the  number  of  blood 
corpuscles. 

Circulation. — According  to  Oliver  and  Schiifer,  injections  of  thyroid 
extract  cause  a  fall  in  blood  pressure  of  relatively  short  duration.  This 
effect  must  be  due  to  the  action  on  the  vasomotor  system  and  resulting 
dilatation  of  arteries,  for  the  force  and  frequency  of  the  heart  remain 
unaffected.  Oliver  has  observed  enlargement  of  the  calibre  of  the  radial 
artery.  This  dilating  effect  is  much  less  marked  than  the  contracting  effect 
of  the  pituitary  gland,  and  therefore  still  less  than  that  of  the  suprarenal. 
Hutchison  has  found — (1)  that  injections  of  colloid  have  no  effect  on  the 
blood  pressure ;  (2)  that  injections  of  a  solution  of  extractives  produce  a 
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decided  fall,  the  degree  being  proportional  to  the  strength  of  the  solution 
employed  ;  (3)  that  injections  of  a  solution  of  the  mineral  ingredients  con- 
tained in  the  extractive  solution  produce  a  slight  fall,  not  sufficient  to 
account  for  lowering  of  the  blood  pressure  following  injections  of  solutions 
of  extractives.  No  effect  was  in  any  case  produced  on  the  heart.  From 
these  observations  Hutchison  concludes  that  the  fall  of  blood  pressure  follow- 
ing injection  of  extract  of  thyroid  is  due  first  and  mainly  to  an  organic 
extractive  or  extractives  contained  in  the  gland,  but  also  in  a  less  degree  to 
mineral  substances,  possibly  salts  of  potash.  He  has  observed  a  similar  fall 
of  blood  pressure  following  injection  of  Liebig's  extract,  of  approximately 
the  same  strength.  lodothyrine,  like  the  colloid  matter,  produced  no  fall 
when  injected,  and  extract  of  thyroid  produced  no  fall  when  given  by  the 
mouth. 

Metabolism. — Magnus  Levy  has  found  that  under  the  influence  of 
thyroid  medication,  both  in  the  case  of  the  healthy  man  and  in  that  of  the 
myxoedematous,  there  is  increased  absorption  of  oxygen,  and  exhalation  of 
carbonic  acid. 

Urea. — An  increased  excretion  of  urea  has  been  recorded  by  many  care- 
ful observers.  The  first  observations  were  made  on  a  case  of  myxoedema 
by  Ord  and  White,  who  found  that  from  the  third  day  of  thyroid  treatment, 
the  daily  dose  corresponding  to  about  15  grs.,  the  amount  of  nitrogen 
excreted  by  the  urine  exceeded  that  in  the  ingesta,  and  this  ratio  was 
maintained  during  the  whole  course  of  treatment.  The  same  results  were 
observed  by  Bleibtreu  and  Wendelstadt  in  the  case  of  a  healthy  male,  and 
they  observed  no  tendency  in  the  output  of  nitrogen  to  diminish  under  in- 
creased amounts  of  fat  and  sugar  in  the  food.  But  while  there  is  agreement 
that  urea  is  increased,  there  are  wide  differences  in  the  amount  of  the 
increase  as  reported  by  different  observers.  Thus,  while  C.  Canter  and 
Grawitz  observed  an  increase  of  from  20  to  50  per  cent,  in  healthy  subjects, 
the  amount  of  nitrogen  in  the  food  remaining  the  same,  Dennig  observed 
5  and  8  per  cent,  increase  in  two  healthy  men,  and  26  per  cent,  in  a  woman 
with  lupus.  In  myxoedema  the  amount  of  increase,  was  found  by  Mendel 
to  be  much  more  considerable.  Urea  gradually  increased  from  14'3  gnus, 
before  to  364  after  treatment,  and  then  declined  again  to  19'2  grms.  After 
stopping  the  treatment,  there  was  a  slow  decline  in  the  amount  of  urea 
excreted. 

Chlorides  and  phosphates. — An  increase  in  the  amount  of  chlorides 
in  the  urine  appears  to  be  the  rule,  and  this  may  amount  to  20  or  30  per 
cent.  The  amount  of  the  phosphates  may  either  remain  unaltered  or 
undergo  slight  diminution  or  increase.  According  to  Scholz,  the  amount  of 
the  phosphates  in  the  stools  is,  however,  remarkably  increased. 

Glycosuria. — The  occurrence  of  glycosuria  has  occasionally  been 
observed  in  persons  undergoing  treatment  with  thyroid  preparations. 
Thus  sugar  appeared  in  the  urine  in  two  instances  among  twenty-five  per- 
sons, who  each  received  from  five  to  six  5  gr.  thyroid  tablets  daily  for  eight 
days.  Sugar  was  excreted  in  a  case  of  pneumonia  when  thyroid  was  given 
two  days  after  the  crisis.  In  the  case  of  a  man  who,  for  long-standing 
psoriasis,  took  four  5  gr.  tablets  daily,  at  the  end  of  a  week,  among  other 
symptoms,  polyuria  and  glycosuria  appeared.  The  association  of  glycosuria 
and  thyroid  treatment  is  of  interest  in  connection  with  its  occasional 
occurrence  in  cases  of  exophthalmic  goitre,  in  which  disease  there  is  also 
a  diminished  power  of  sugar  assimilation. 

The   amount   of  urine  excreted. — Careful  observations  show   that  the 
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administration  of  thyroid  substance  causes,  for  at  least  a  short  time,  a 
decided  increase  in  the  amount  of  urine  in  the  case  of  man  and  the  lower 
animals.  The  intensity  of  the  diuresis  is  proportional  to  the  dose  of  thy- 
roid given.  This  is  illustrated  by  certain  experiments  of  A.  Ver  Eecke. 
(a)  In  a  rabbit  the  administration  of  three  thyroid  tablets  increased  the 
flow  of  urine  by  776  per  cent.,  five  tablets  by  36'2  per  cent.,  ten  tablets  by 
84'48  per  cent.,  and  ten  more  by  146-5  per  cent,  (b)  In  a  healthy  man 
ten  tablets  increased  the  urine  by  2'92  per  cent.,  fifteen  tablets  by  97 
per  cent.,  twenty  tablets  by  23'39  per  cent.,  thirty  tablets  by  36-66  per 
cent.,  thirty-five  by  4372  per  cent.,  and  forty  tablets  by  2318  per  cent. 

In  spite  of  the  administration  of  increasing  doses,  the  diuresis  ultimately 
declines.  In  all  cases  the  effect  ceases  abruptly  with  the  cessation  of  the 
treatment,  and  the  amount  of  urine  excreted  may  fall  below  the  mean 
and  remain  so  for  a  time  more  or  less  long,  according  as  the  dehydration 

of  the  organism  has  been 
more  or  less  energetic.  The 
cessation  of  the  diuretic 
action  appears  to  be  due  to 
the  reduction  of  the  amount 
of  water  in  the  organism  to 
a  low  level.  It  has  been 
supposed  that  there  is  a 
certain  regulating  mechanism 
controlling  the  excretion  of 
water  from  the  tissues  into 
the  circulation.  This  regu- 
lating mechanism  checks 
diuresis  when  dehydration  of 
the  tissues  has  taken  place. 
It  may  be  pointed  out  that 
partial  or  complete  thyroid- 
ectomy  produces  the  opposite 
effect  as  regards  the  outflow 
of  urine.  After  complete 
thyroidectomy,  the  amount 
of  urine  at  once  greatly 
diminishes,  and  then  gradu- 
ally increases  up  to  nearly  the  former  level.  Diuresis  has  been  repeatedly 
noted  as  one  of  the  more  immediate  effects  of  thyroid  treatment.  Some 
negative  results  have  been  obtained.  In  the  case  of  young  subjects 
free  from  thyroid  gland  affections,  Vermehren  observed  diuresis  in  only 
two  or  three  cases.  Dennig  observed  no  diuresis  in  the  case  of  two  healthy 
men. 

Accumulation. — It  has  been  observed  that  there  is  a  tendency  to 
accumulation  of  the  thyroid  in  the  system.  This  is  principally  due  to 
slowness  of  absorption,  as  is  shown  by  the  fact  that  the  effect  of  the  first 
dose  is  often  slow,  and  that  accumulation  is  specially  marked  when  large 
doses  are  given. 

Toxicology. — The  symptoms  of  this  have  principally  been  observed 
in  connection  with  myxoedema  or  cretinism,  in  which  conditions  the 
patient,  it  appears,  is  abnormally  sensitive  to  the  action  of  the  thyroid 
substance,  but  they  are  apt  to  supervene  in  cases  of  all  kinds  when 
abnormally  large  doses  have  been  used.  A  rise  of  temperature  to  101°  or 


FIG  1.- — Shows  healthy  bonnet  monkey  before  any 
treatment. 
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102°  F.  is  not  an  uncommon  result  of  a  single  large  dose,  especially  in 
myxcedema  or  cretinism.  Vomiting  is  another  frequent  result  of  a  single 
large  dose.  The  pulse  becomes  accelerated  to  100  or  110  beats  per  minute, 
sometimes  becoming  irregular.  Patients  frequently  complain  of  frontal 
headache,  and  this  may  prove  a  very  troublesome  symptom  when  the 
remedy  has  to  be  taken  regularly.  The  following  symptoms  are  commonly 
met  with  where  the  remedy  is  being  given  in  too  large  daily  doses.  The 
patient  complains  of  palpitation,  and  it  is  found  that  the  heart's  action  has 
become  persistently  rapid.  There  are  rheumatic  pains  in  various  parts  of 
the  body,  and  the  patient  complains  of  aching  in  the  bones,  and  frontal 
headache  becomes  severe  and  persistent.  A  feeling  of  burning  or  smarting 
in  the  fingers  or  toes  sometimes  occurs  and  causes  much  distress.  Digestive 
disturbances  are  not  unusual.  The  appetite  is  either  lost  or  becomes 
ravenous.  There  is  thirst  and 
nausea.  The  breath  has  an 
offensive  earthy  odour.  There 
is  a  burning  sensation  in  the 
stomach,  together  with  vomit- 
ing and  diarrhoea.  In  cases  of 
myxoedema  there  is  usually 
desquamatiou  over  the  hands 
and  feet,  but  apart  from  this 
erythema  and  urticaria  some- 
times occur.  There  may  be 
intolerable  itching  of  the  skin 
even  when  the  dose  is  quite 
small,  and  it  may  on  this 
account  be  difficult  to  induce 
the  patient  to  continue  the 
remedy.  In  this  relation  it  is 
interesting  to  note  that  patients 
suffering  from  Graves'  disease 
sometimes  complain  of  a  similar 
irritation  of  the  skin.  Nothing 
seems  to  give  much  relief  to  the 


FIG.  2. — Shows  same  monkey  after  being  fed  with 
thyro-colloid,  in  amount  corresponding  to  the  thy- 
roids of  three  sheep  daily,  for  sixty-one  days. 
Notice  the  hair  standing  erect  on  the  head,  the 
prominence  of  the  eyes,  and  some  falling  off  of 
the  hair  on  the  forehead. 


itching,  but  it  usually  passes 
off  in  a  few  weeks.  Sweating, 
trembling,  vertigo,  which  some- 
times occurs  directly  after  food, 

faintness,  or  actual  fainting  fits,  restlessness,  sleeplessness,  especially  when 
the  drug  is  taken  at  bedtime,  weakness,  lassitude,  disinclination  and  in- 
capacity for  work,  lowering  of  the  mental  powers,  and  progressive  emacia- 
tion, are  some  of  the  other  effects  not  infrequently  seen. 

Chronic  thyroidism. — The  more  immediate  physiological  effects  of  the 
administration  of  thyroid  substance  have  already  been  mentioned.  It  has 
been  established  that  by  the  administration  of  large  doses  of  thyroid  sub- 
stance to  animals,  a  condition  of  cachexia  is  produced  which  closely 
resembles  the  marasmus  of  severe  cases  of  Graves'  disease.  The  most  im- 
portant observations  which  have  been  made  are  those  of  Walter  Edmunds, 
who  experimented  with  nine  monkeys,  but  in  three  cases  the  results  were 
not  conclusive,  for  in  two  the  lungs  were  found,  after  death,  to  be  diseased, 
and  in  one  the  animal  died  in  quite  a  short  time  after  the  commencement 
of  the  treatment,  so  that  the  number  from  which  conclusions  might  fairly 
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be  drawn  was  six.  Large  doses  of  thyroid  preparations  were  given  in  all 
the  six  cases,  corresponding  to  from  one-half  of  one  to  three  sheep's  thyroids 
(both  lobes)  daily.  The  forms  of  preparation  used  were  a  powder  prepared 
after  the  method  of  Edmund  White,  and  thyro-colloid  prepared  by  the 
method  of  Hutchison.  Both  these  substances  have  long  been  proved  to 
contain  the  active  principles  of  the  gland,  and  to  effectively  remove  the 
symptoms  of  myxcedema. 

The  symptoms  observed  in  the  six  monkeys  treated  in  this  way  were — 
(1)  Emaciation  and  muscular  weakness;  (2)  paralysis  of  one  or  more 
limbs;  (3)  falling  out  of  the  hair  in  patches  from  various  parts  of  the 
body;  (4)  erection  of  hairs  on  the  head;  (5)  proptosis;  (0)  dilatation 
of  pupils ;  (7)  widening  of  palpebral  fissures ;  (8)  death  from  asthenia. 
Edmunds  points  out  that  the  symptoms  (4)  and  (7)  are  those  which  re- 
sult from  stimulation  of  the  cervical  sympathetic.  The  figures,  which  are 
from  blocks  kindly  lent  by  Mr.  Edmunds,  show  the  effect  of  feeding 
monkeys  on  thyroid. 

Exophthalmos  has  been  observed  by  Beclere  in  a  case  of  myxoedema 
where  very  large  doses  of  thyroid  were  given  by  mistake.  Ballet  and 
Enriquet  noticed  exophthalmos  as  a  result  in  one  of  six  dogs  which  were 
fed  on  thyroid  glands.  The  same  symptom  has  been  observed  by 
Cunningham  in  rabbits  and  monkeys.  Cunningham  gave  O'l  grm.  of 
thyroid  extract  by  the  mouth  to  a  healthy  rabbit,  and  thereby  produced 
exophthalmos.  We  have  a  large  number  of  observations  as  to  the  effects 
of  large  doses  of  thyroid  preparations  on  man,  but  in  cases  where  treatment 
has  been  carried  out  over  a  length  of  time  it  has  been  to  remedy  some 
morbid  condition  such  as  cretinism,  myxoedema,  or  psoriasis.  There  is, 
however,  a  marked  agreement  in  the  symptoms  produced  in  these  cases 
with  those  observed  experimentally  in  animals.  Kapid  cardiac  action, 
palpitation,  tremors,  muscular  weakness,  pains  in  the  limbs,  general 
asthenia,  rise  of  temperature,  gastro-intestinal  disturbances,  and  headache, 
are  the  symptoms  which  are  most  frequently  observed.  Exophthalmos 
and  other  eye  symptoms  have  so  far  only  very  rarely  been  observed,  prob- 
ably because  the  treatment  has  had  to  be  suspended  on  account  of  the 
other  symptoms.  It  is,  however,  very  probable  that  in  Graves'  disease 
we  have  in  a  marked  degree  an  illustration  of  the  effects  of  chronic 
thyroidism. 

We  are  unable  to  agree  with  Cunningham  that  the  effects  described  as 
chronic  thyroidism  result  from  the  use  of  decomposed  or  decomposing 
thyroid  preparations. 

Therapeutics.  —Myxoedema,. — The  thyroid  treatment  of  myxoedema 
and  cretinism  is  one  of  the  most  striking  examples  of  the  successful  appli- 
cation of  rational  therapeutics.  The  disease  described  by  Sir  William  Gull 
as  adult  cretinism,  to  which  the  name  myxoedema  was  given  by  Ord,  who 
added  greatly  to  our  knowledge  of  the  malady,  was  found  to  be  invariably 
associated  with  an  atrophied  condition  of  the  thyroid  gland.  The  causal 
relation,  however,  of  the  atrophy  of  the  thyroid  gland  to  myxoedema  was 
not  conclusively  proved  until  Kocher  observed  that  a  condition  closely 
resembling  myxoedema  followed  the  operation  of  complete  thyroidectomy, 
and  Victor  Horsley,  by  numerous  laborious  experiments,  showed  the  close 
resemblance  of  the  dyscrasia  produced  in  some  of  the  lower  animals  by 
the  removal  of  the  thyroid  gland  to  human  myxoedema.  Sporadic  cret- 
inism was  found  equally  with  myxredema  to  be  associated  with  atrophy 
of  the  thyroid  gland.  Soon  after  this  Schiff  and  others  showed  that  the 
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evil  effects  of  thyroidectomy  in  animals  could  be  diminished  by  trans- 
planting a  thyroid  gland  previous  to  the  operation,  which  observation 
Horsley  followed  up  by  the  suggestion  of  a  similar  procedure  in  the 
treatment  of  myxo3dema.  Transplantation  was  accordingly  carried  out 
with  striking  but  unfortunately  only  very  limited  and  temporary  improve- 
ment, the  fact  being  that  the  gland  did  not  survive  in  its  new  position, 
and  soon  became  absorbed  by  the  surrounding  tissues.  The  beneh't 
resulted  so  soon  after  the  operation,  that  it  could  only  be  explained  by 
the  supposition  that  some  substance  actually  present  in  the  gland  when 
transplanted  was  absorbed  into  the  system  and  reacted  on  the  body. 
The  idea  then  occurred  to  George  Murray,  that  instead  of  transplanting 
the  whole  gland,  it  might  do  equally  well  to  inject  hypodermically  the 
juice  extracted  by  means  of  glycerin.  This  was  carried  out  with  com- 
plete success  by  Murray,  while,  apparently  quite  independently,  a  similar 
mode  of  treatment  was  tried  in  animals  to  prevent  the  effects  of  thyroid- 
ectomy by  Vassale  and  Gley.  The  whole  credit  of  demonstrating  the 
curative  effects  of  hypodermic  injections  of  thyroid  extract  in  myxoedema 
belongs  to  Murray.  The  next  step  was  the  discovery  made  independently 
by  the  present  writer,  by  E.  L.  Fox,  and  by  Howitz,  that  thyroid  gland 
or  extracts  derived  from  it  were  equally  effective  in  removing  the 
symptoms  of  myxoedema  when  administered  by  the  mouth.  This  greatly 
simplified  the  mode  of  treatment  of  myxoedema,  and  prompted  a  trial  of 
the  same  remedy  in  various  other  morbid  conditions.  Such  were  the 
steps  by  which  the  thyroid  treatment  as  at  present  carried  out  were 
arrived  at. 

As  regards  the  effect  of  the  treatment  in  myxoedema,  it  may  be  shortly 
summed  up  by  saying  that  within  a  short  time  all  the  characteristic 
features  of  the  disease  disappear,  and  that  while  the  patient  continues  the 
remedy  the  symptoms  of  the  disease  remain  absent. 

In  commencing  the  treatment,  quite  small  doses  should  be  employed, 
so  as  to  produce  as  little  disturbance  as  possible,  for  it  is  found  that  the 
myxoedematous  patient  is  much  more  sensitive  than  a  healthy  person  to 
the  action  of  the  remedy.  To  begin  with,  3  to  5  minims  of  the  liquor  or 
3  to  5  grs.  of  the  powder  may  be  given  once  a  day.  The  dose  may  be 
gradually  increased  as  long  as  no  unfavourable  symptoms  are  produced, 
but  it  is  seldom  necessary  at  any  period  of  the  treatment  to  give  more 
than  10  minims  of  the  solution  or  10  grs.  of  the  powder  twice  a  day,  and 
as  a  rule  smaller  doses  are  sufficient.  When  recovery  is  established,  a 
small  dose  once  or  twice  a  week  is  usually  found  sufficient  to  keep  the 
patient  in  good  health. 

Reference  has  been  made  to  the  undesirable  symptoms  produced  by 
overdosing.  The  occurrence  of  any  of  these  is  an  indication  for  reducing 
the  dose.  It  is  very  important  that  this  should  be  borne  in  mind,  for 
the  inexperienced  practitioner  might,  in  the  future  as  in  the  past,  think 
it  advisable  to  increase  the  dose  when  unfavourable  symptoms  were 
present.  There  is  no  doubt  that  some  patients  have  been  made  very 
ill,  brought  almost  to  death's  door,  by  an  over  use  of  the  remedy. 
Recovery  can  be  effected  even  after  myxoedema  has  been  many  years  in 
existence,  and  when  the  patient  has  become  bedridden.  It  must  be 
borne  in  mind  that  health  will  be  maintained  only  as  long  as  the  remedy 
is  continued,  and  that  when  for  any  reason  the  patient  gives  up  the  treat- 
ment, the  symptoms  of  the  disease  will  slowly  reappear. 

Cretinism. — The  effects  of  thyroid  treatment  in  cretinism  are  perhaps 
48 
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even  more  remarkable  than  in  adult  myxoedema.  Growth  which  has 
been  arrested  almost  immediately  recommences  when  the  treatment  is 
started,  and  in  six  months  it  is  not  unusual  for  a  young  cretin  to  have 
grown  6  in.  Growth  has  been  observed  to  start  again  even  in  cretins 
of  25  to  30  years  of  age.  The  rate  of  growth  is  greatest  in  the  early 
months  of  the  treatment.  It  has  been  pointed  out  by  Thomson  that  it  is 
in  inverse  ratio  to  the  age  of  the  patient  and  the  stage  of  the  treatment. 
Children  grow  much  more  than  adolescents,  and  adolescents  than  adults. 
A  young  cretin  may  grow  5  or  6  in.  the  first  year,  4  or  5  the  second,  and 
then  continue  to  grow  at  about  the  normal  rate.  The  body  weight  at 
first  diminishes,  subsequently  increasing  along  with  the  gain  in  height. 
The  subcutaneous  swelling  subsides,  and  the  skin  returns  to  the  normal 
condition.  The  intelligence  as  a  rule  shows  great  improvement,  although 
sometimes  mental  progress  is  less  rapid  than  the  bodily. 

A  very  difficult  question  to  determine  is  what  is  the  proper  dose  of 
thyroid  to  be  given  regularly  in  a  case  of  cretinism.  If  we  study  the 
published  records  of  cases  which  have  been  successfully  treated,  we  find 
very  great  differences  in  the  doses  which  have  been  used.  In  a  case 
treated  by  Carr,  1|  grs.  of  thyroid  tabloid  given  every  third  day  sufficed 
to  effect  a  cure  and  to  keep  the  patient  well.  In  a  case  of  Archibald 
Garrod's,  gradually  increasing  doses  up  to  3  grs.  a  day  were  given,  the 
latter  dose  was  maintained  for  a  year,  and  finally  2  grs.  were  given  once 
a  day.  There  were  no  untoward  symptoms,  and  all  the  signs  of  cretinism 
disappeared.  But  doses  of  as  much  as  10  grs.  daily  have  not  infrequently 
been  given  in  the  later  stages  of  the  treatment  without  there  being  any 
evidence  that  the  dose  was  too  great.  With  such  divergencies  it  is  obvious 
that  no  definite  hard-and-fast  rule  can  be  laid  down  as  to  dosage.  In 
starting  treatment,  caution  is  necessary,  and  a  small  dose  should  first  be 
tried,  such  as  1  gr.  of  thyroid  tabloid  or  1  minim  .of  liquor  thyroidei.  In 
the  early  stages  a  dose  of  5  grs.  or  more  has  sometimes  made  the  patient 
very  ill,  causing  fever,  excitement,  restlessness,  thirst,  headache,  sleep- 
lessness, vomiting,  depression,  and  general  pains  in  the  body  and  limbs. 
Where,  however,  the  dose  to  begin  with  is  small  and  is  gradually  increased 
as  seems  necessary,  no  undesirable  symptoms  are  observed.  Probably 
5  grs.  of  powdered  dry  thyroid  a  day  may  be  considered  an  average  dose 
when  the  symptoms  of  the  disease  have  disappeared,  but,  as  in  the  case  of 
myxoadema,  a  weekly  or  bi-weekly  dose  will  frequently  suffice.  As  in 
myxosdenia,  the  remedy  must  be  taken  during  the  whole  of  the  patient's 
life. 

In  the  treatment  of  adolescent  cretins,  it  has  been  observed  that  the 
growth  of  the  bones  has  been  accompanied  by  such  softness  that  the 
increased  standing  and  walking  has  led  to  great  bending  of  the  legs, 
closely  resembling  the  deformity  produced  by  rickets.  In  two  cases 
reported  by  John  Thomson,  this  bowing  of  the  legs  interfered  much 
with  the  power  of  walking.  In  one  case  it  occurred  within  three  months 
from  the  commencement  of  the  treatment;  in  the  other,  where  the 
patient  was  long  in  beginning  to  walk,  and  did  not  do  so  until  she  had 
got  very  heavy,  the  bending  only  began  in  the  second  year,  but  then 
rapidly  developed^  and  was  so  extreme  as  to  cripple  her  seriously.  The 
changes  in  the  bones  resemble  those  of  ordinary  rickets.  Cretins  whose 
bones  show  signs  of  bending,  should  be  kept  lying  down.  Thomson  has 
also  drawn  attention  to  increase  of  lateral  curvature  when  this  is  already 
in  existence. 
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Goitre. — One  of  the  most  interesting  effects  of  thyroid  medication  is 
that  which  it  produces  in  cases  of  ordinary  goitre.  In  such  cases  the 
thyroid  gland,  although  diseased,  is  generally  still  functionally  active, 
and  the  patient  as  a  rule  remains  free  from  such  symptoms  as  arise  from 
deficient  or  excessive  thyroidisation.  It  is  difficult  to  explain  why  the 
administration  of  thyroid  substance  should  act  directly  on  the  goitre  and 
produce  a  diminution  in  its  size,  as  it  not  infrequently  does.  The  effect 
is  principally  produced  on  the  hyperplastic  and  adenomatous  tissue,  and 
the  maximum  result  is  obtained  in  cases  where  such  tissues  constitute  the 
chief  part  of  the  goitre.  Thus  goitre  in  children,  the  congestive  forms  of 
^oilre  occurring  in  adolescents,  and  recent  parenchymatous  goitres  in  adults, 
are  the  forms  most  amenable  to  treatment.  In  these  cases  complete 
disappearance  of  the  goitre  is  not  infrequent.  In  most  other  forms  either 
a  considerable  diminution  in  size  takes  place,  or  the  patient  obtains  relief 
from  the  pressure  symptoms,  although  no  appreciable  diminution  may 
occur.  In  cystic  goitres  it  has  been  observed  that  the  substance  of  the 
gland  atrophies,  and  the  cyst,  while  it  remained  distended,  seemed  to 
become  much  more  superficial,  so  that  subsequent  enucleation  was  much 
more  easy.  In  the  case  of  adenomatous  growths  similar  results  have 
been  observed.  The  treatment  is  only  moderately  successful  in  solid 
goitres,  and  even  a  moderate  success  can  only  be  expected  when  these 
are  not  of  large  size.  In  old-standing  hard  fibrous  goitres,  as  a  rule,  no 
impression  is  produced.  Bernays,  however,  has  reported  diminution  in 
size  in  a  case  of  goitre  of  many  years'  standing  after  treatment  for  nearly 
two  months.  Brims,  from  an  experience  of  350  cases,  gives  8  per  cent, 
as  the  proportion  in  which  retrogression  was  complete.  In  about  a  third, 
only  a  slight  remnant  remained,  and  in  another  third  there  was  only 
slight  diminution  in  size. 

It  has  been  observed  that  in  cases  where  operation  is  performed, 
there  is  less  hemorrhage  when  a  course  of  thyroid  treatment  has  been 
previously  carried  out. 

The  usual  dose  necessary  to  produce  effect  on  a  goitre  is  from  15  to  30 
grs.  daily.  In  a  few  cases  the  immediate  result  of  the  treatment  is  to 
produce  such  an  excessive  reaction  that  the  remedy  has  to  be  discontinued. 
The  shorter  the  time  during  which  the  tumour  has  been  in  existence,  the 
more  quickly  does  its  reduction  take  place.  The  diminution  in  size  may 
be  quite  appreciable  in  from  four  to  six  days.  In  the  majority  of  cases 
there  is  a  decided  effect  in  a  fortnight.  It  must  be  added  that  relapses 
sometimes  occur  after  the  cessation  of  treatment,  and  the  growth  recom- 
mences in  from  one,  two,  or  occasionally  three  or  four  months  after  the 
treatment  is  omitted. 

Exophthalmic,  Goitre. — Thyroid  medication  does  not  as  a  rule  prove 
beneficial  in  this  form  of  disease.  Where  it  has  been  tried,  the  symptoms 
have  usually  either  been  made  worse  or  have  not  changed  for  the  better. 
A  few  cases  of  apparent  benefit  have  been  recorded.  The  present  writer 
is  of  opinion  that  occasionally  treatment  with  very  small  doses  does 
good. 

Obesity. — Numerous  observations  have  been  published,  showing  that 
obese  persons  have  lost  weight  by  treatment  with  thyroid  gland.  There 
is  a  consensus  of  opinion  that  the  loss  of  weight  is  more  rapid  during 
the  first  week  or  two  of  treatment  than  it  is  later,  when  it  may  cease 
altogether,  and  that  on  the  cessation  of  the  treatment,  unless  care  is 
taken  to  keep  down  the  weight  by  careful  diet  and  exercise,  the  loss  is 
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soon  made  up  again.  In  certain  cases  the  treatment  fails  altogether  to 
diminish  the  weight.  According  to  Ewald,  failure  occurs  first  in  patients 
who  accumulate  fat  in  spite  of  careful  dieting;  and  second,  where  obesity 
is  the  result  of  excessive  indulgence,  to  which  one  might  add  indok'iiet; 
and  intemperance.  Thyroid  preparations  influence  metabolism  as  a  whole, 
and  do  not  exert  a  selective  influence  on  fats.  Hence,  when  the  patient 
loses  weight  there  is  a  wasting  of  the  albuminous  tissues  as  well  as  of  the 
fat.  For  this  reason  Ebstein  regards  the  treatment  as  irrational.  But 
we  may  ask,  Is  there  any  mode  of  treatment  in  which  the  patient  loses  fat 
and  fat  only  ?  Ewald  recommends  that  the  albuminoid  waste  should  be 
compensated  for  by  appropriate  diet.  Lutaud,  who  has  reported  a  con- 
siderable number  of  cases  which  he  has  treated  with  thyroid  extract,  re- 
commends that  the  treatment  should  be  suspended  after  fifteen  or  thirty 
days  for  a  week  or  so,  and  then  resumed.  He  considers  the  treatment 
particularly  beneficial  to  obese  patients  in  whom  the  gastro-hepatic  function 
requires  stimulation.  Wendelstadt  is  of  opinion  that  the  best  results  are 
to  be  obtained  in  cases  of  amemic  obesity. 

The  average  doses  which  have  been  employed  in  the  treatment  of 
obesity  are  15  to  30  grs.  of  dried  thyroid  substance  a  day. 

Skin  diseases. — The  very  marked  effect  produced  on  the  skin  of  patients 
with  myxoadema  by  thyroid  medication  early  suggested  a  trial  of  similar 
treatment  for  various  skin  diseases.  In  myxoedema  the  skin  is  dry, 
coarse,  and  scaly,  and  the  administration  of  thyroid  gland  restores  it  to 
a  healthy  condition,  while  frequently  early  in  the  course  of  the  treatment 
there  is  desquamation  over  the  hands  and  feet.  It  seemed,  therefore, 
likely  that  the  treatment  would  prove  serviceable  in  the  case  of  skin 
diseases  in  which  there  was  scaliness,  dryness,  and  thickening.  Byrom 
Bramwell  was,  we  believe,  the  first  to  treat  cases  of  psoriasis  with 
thyroid  substance,  and  he  early  reported  some  very  remarkable  successful 
cases.  He  advocates  that  as  large  doses  should  be  given  as  the  patient 
can  tolerate,  such  as  25  grs.  daily,  and  that  the  remedy  should  be  given  for 
a  long  time.  He  has  observed  that  frequently  improvement  only  sets  in 
when  the  dose  is  raised  to  a  maximum. 

Since  the  publication  of  Bramwell's  cases,  the  treatment  has  had  an  ex- 
tended trial.  It  has  been  found  that  probably  only  about  one-third  of  the 
cases  treated  with  thyroid  gland  appear  to  derive  benefit.  The  following 
are  a  few  instances  where  good  results  have  been  obtained.  In  one  case, 
15  grs.  of  dried  thyroid  were  given  daily,  and  after  eight  days  the  skin  had 
softened  and  the  formation  of  scales  had  greatly  diminished.  In  another 
case,  20  minims  of  Liquid  Thyroidei  (B.P.)  produced  disappearance  of 
obstinate  eruption  in  three  weeks.  In  a  third  case,  one  5  gr.  tabloid  daily 
for  a  week  caused  disappearance  of  the  eruption.  Many  negative  observa- 
tions have,  however,  been  published.  Of  forty-eight  cases  treated  by  1*.  S. 
Abraham,  some  definite  improvement  was  noted  in  eighteen,  but  only 
seven  of  these  latter  were  under  treatment  with  thyroid  gland  alone. 
In  sixteen  the  eruption  was  not  benefited.  In  fifteen  there  was  an  actual 
increase  of  the  eruption  during  the  treatment.  In  favourable  cases  the 
redness  of  the  spots  diminishes,  the  scales  become  fewer,  thinner,  and 
paler,  the  skin  becomes  softer,  and  individual  patches  become  smaller  or 
even  disappear.  Paschkis  found  that  the  best  results  were  obtained  in 
the  case  of  fat  people,  and  after  some  weeks  of  treatment.  Like  Bramwell, 
he  advocates  large  doses  and  increasing  amounts,  beginning  with  15  or  20 
grs.  daily,  and  going  up  to  90  or  120  grs. 
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Thyroid  treatment  has  benefited  some  cases  of  ichthyosis,  scleroderma, 
and  hypertrophy  of  cicatricial  tissue.  Cases  of  eczema,  pityriasis  rubra, 
and  lichen  planns  have  also  occasionally  shown  considerable  improvement 
under  the  same  treatment.  Several  cases  have  been  reported  in  which 
great  improvement  has  resulted  from  the  treatment  of  lupus  by  means  of 
thyroid  gland. 

Bearing  in  mind  the  fact  that  intolerable  itching  is  sometimes  a  very 
troublesome  result  of  thyroid  medication,  we  cannot  be  surprised  that  the 
treatment  has  not  proved  beneficial  in  cases  of  chronic  urticaria. 

Delayed  union  of  fractures. — Gauthier  has  reported  two  cases  in  which 
thyroid  medication  appears  to  have  hastened  the  recovery.  The  use  of 
thyroid  in  the  treatment  of  delayed  union  is  founded  on  the  arrest  of 
skeletal  development  in  cretins,  and  on  the  marked  increase  of  bony 
growth  following  thyroid  medication  in  these  cases,  together  with  the 
occasional  presence  of  osteomalacia  in  Graves'  disease,  and  on  the  delayed 
union  of  experimental  fractures  in  thyroidectomised  dogs.  Eickets  in  the 
foatus  has  been  observed  to  follow  ablation  of  thyroid  in  the  mother. 

Insanity. — In  some  cases  of  insanity  very  great  improvement  has  been 
observed  from  thyroid  treatment,  a  trial  of  which  was  suggested  by  the 
results  obtained  in  insanity  due  to  myxoadema  and  imbecility  resulting 
from  cretinism.  The  cases  which  derive  benefit  are  unfortunately  excep- 
tional. One  of  the  most  striking  instances  of  improvement  which  have 
been  reported  was  in  a  case  of  chronic  dementia  after  puerperal  mania, 
twelve  thyroid  tabloids  were  given  daily  for  seven  days.  A  moderate 
febrile  reaction  ensued.  A  complete  mental  change  set  in.  The  patient 
said,  "  I  feel  as  if  I  had  come  out  of  a  long  dream."  While  she  lost  6  Ibs. 
in  weight  at  first,  she  gained  three  stone  in  the  following  eight  weeks. 
She  became  mentally  as  well  as  ever  she  was. 

Clouston  says  that  "large  doses  of  thyroid  are  of  marked  benefit  in 
cases  which  threaten  to  become  chronic,  and  that  no  case  should  be 
allowed  to  become  incurable  without  a  trial  of  this  method  of  treatment." 
A  large  proportion  of  the  cases  benefited  are  puerperal,  lactational,  or 
climacteric.  Allen  Starr  places  "  the  highest  value  on  the  treatment  in  a 
form  of  mental  disturbance  occurring  at  the  climacteric,"  characterised  by 
"  mental  depression  with  anxiety  and  morbid  fears,  but  without  delusions 
or  insanity."  He  believes  that  "  a  functional  disturbance  of  the 
thyroid  and  ovaries  is  associated  in  these  cases." 

Imbecility  in  children. — Idiots  of  what  is  known  as  the  Mongol  type,  in 
some  respects  resemble  cretins  in  physical  aspect  and  mental  character, 
and  it  has  been  mooted  that  in  these  and  other  cases  of  idiocy  there  may 
be  a  defective  function  of  the  thyroid  gland.  Telford  Smith,  who  has 
reviewed  the  results  of  thyroid  treatment  in  these  cases,  finds  that  im- 
provement of  a  physical  and  mental  kind  takes  place  varying  inversely 
with  the  age  of  the  patient,  but  the  improvement  is  not  nearly  so  marked 
nor  so  rapid  as  in  the  cretin.  The  temperature,  which  is  always  subnormal 
in  the  Mongol  idiot,  only  reacts  slightly,  and  cannot  be  kept  at  normal. 
The  skin,  which  is  coarse  and  dry,  desquamates,  but  does  not  become 
normally  smooth.  The  growth,  which  is  stunted,  improves,  but  not  as  in 
cretinism.  The  mental  condition  becomes  better.  The  patient  becomes 
more  active  and  spontaneous  in  his  movements,  and  more  inclined  to  take 
an  interest  in  what  is  going  on  around  him. 

Acromegaly. — In  this  disease,  according  to  Bruns,  marked  benefit  has 
resulted  from  thyroid  treatment.  Improvement  has  chiefly  been  observed 
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in  subjective  symptoms,  nervous  excitability  rapidly  subsiding,  sleep 
becoming  longer  and  more  refreshing,  and  headache  and  pains  in  the 
extremities  disappearing.  Loss  of  weight  to  the  extent  of  twenty  pounds 
was  observed  in  one  case. 

Progressive  myopatliy. — Lepine  has  reported  a  case  of  this  disease  in 
which  treatment  with  large  doses  of  fresh  thyroid  gland  for  several  weeks 
produced  great  improvement  in  the  case  of  those  muscles  in  which  disease 
had  not  advanced  far,  while  the  muscles  which  had  undergone  complete 
change  were  not  affected. 

Tetany  has  been  treated,  with  marked  success  in  some  cases,  by  means 
of  thyroid  gland.  Cases  of  intermittent  tetany  often  last  for  several 
months,  and  resist  all  the  ordinary  methods  of  treatment.  Under  thyroid 
gland  treatment,  the  attacks  have  become  less  intense  and  less  frequent, 
disappearing  altogether  in  from  two  to  six  weeks.  The  good  results  of 
this  treatment  are  particularly  interesting,  as  an  obstinate  form  of  tetany 
of  prolonged  duration  sometimes  comes  on  after  thyroidectomy.  It  was 
in  a  case  of  this  kind  that  thyroid  treatment  was  first  employed  by 
Byrom  Bramwell.  After  pushing  the  remedy,  the  tetany  along  with  the 
other  serious  symptoms  disappeared.  In  a  case  of  chronic  tetany  in  which 
all  the  usual  remedies  had  been  tried  without  effect,  the  administration  of 
thyroid  brought  about  a  complete  cure.  For  the  first  three  days,  one  tabloid 
a  day  was  given,  for  the  next  three  days  two  tabloids  daily,  and  then  three 
tabloids  daily.  At  the  end  of  three  weeks  further  treatment  was  un- 
necessary. There  was  no  marked  change  until  three  tabloids  daily  were 
given,  when  the  symptoms  gradually  passed  off. 

Spasmodic  torticollis. — Benefit  has  also  been  recorded  in  torticollis  and 
other  forms  of  chronic  spasm,  from  thyroid  treatment.  In  epilepsy,  how- 
ever, it  has  been  observed  that  the  tendency  to  fits  has  increased. 

Uterine  diseases. — The  observed  relationship  between  the  thyroid  gland 
and  the  uterus,  and  the  frequency  with  which  disordered  uterine  function 
is  met  with  in  myxoadema,  have  prompted  a  trial  of  thyroid  medication 
in  various  uterine  affections.  Thyroid  treatment  is  believed  to  lessen  the 
functional  activity  of  the  uterus,  and  has  been  used  with  a  certain  measure 
of  success  in  threatened  abortion  with  haemorrhage,  in  threatened  arrest 
of  uterine  involution  after  labour,  in  premature  return  of  monthly  periods 
after  labour,  and  in  uterine  haemorrhages,  whether  caused  by  tumours  or 
by  lesions  of  the  appendages.  In  some  cases  of  fibroid  tumour  which 
have  been  benefited,  according  to  Pelk  the  improvement  has  been  greatest 
in  those  patients'  who  continued  the  treatment  longest.  The  results 
obtained  were  diminution  of  the  menorrhagia,  arrested  growth  and  in 
some  cases  diminution  in  size  of  the  tumour,  disappearance  of  pain,  and 
diminished  tenderness  and  improved  general  nutrition. 

Mammary  cancer. — The  administration  of  thyroid  extract  combined 
with  oophorectomy,  has  been  recommended  in  cases  of  recurrent  mammary 
cancer.  Herman  is  of  opinion  that  greater  benefit  results  from  the 
combined  treatment  than  from  either  separately.  Four  cases  of  cancer 
treated  in  this  way,  according  to  this  authority,  have  been  published,  in 
three  of  which  the  cancer  had  disappeared. 

Contra-indications. — Thyroid  medication  is  believed  to  be  contra- 
indicated  in  tuberculosis  and  diseases  of  the  heart.  As  regards  tuber- 
culosis, Kinnicutt  concluded,  from  observations  made  in  carefully  selected 
cases,  that  thyroid  treatment  was  absolutely  without  effect  either  on  the 
lesion  or  on  the  general  condition  of  the  patient. 
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Preparations  and  mode  of  administration. — Either  the  fresh  glands 
minced  and  put  up  in  capsules,  a  liquid  extract  prepared  similarly  to  the 
solution  of  thyroid,  compressed  tablets,  or  a  dry  powder,  may  be  employed. 
The  following  is  the  method  of  preparation  adopted  at  St.  Thomas's 
Hospital.  Perfectly  fresh  suprarenal  bodies  from  the  sheep  having  been 
obtained,  the  outer  parts,  which  consist  of  firm  fibrous  capsules  and  weigh 
nearly  a  quarter  of  the  whole,  are  removed.  The  remainder,  consisting  of 
some  of  the  cortex  and  the  whole  of  the  medulla,  is  intimately  mixed  with 
pmvdered  tragacarith  and  1  per  cent,  of  salicylic  acid.  This  is  put  up  in 
capsules,  each  containing  the  equivalent  of  15  grs.  of  suprarenal  body. 
D'Arsonval's  formula  for  a  liquid  extract  is  the  following : — Suprarenal 
capsules,  10  grms.,  cut  up  into  small  pieces  and  left  to  macerate  for  twenty- 
four  hours  in  glycerin  at  38°  C.  Add  water  containing  25  grms.  per 
litre  of  NaCl,  5  grms.  Macerate  for  half  an  hour,  filter  through  paper, 
id  sterilise  in  contact  with  carbonic  acid  under  high  pressure.  For  sub- 
cutaneous injection  dilute  with  equal  parts  of  boiled  water.  Dose,  3  to 
8  c.c. 

Chemistry  and  nature  of  active  constituent. — Abel  and  Crawford 
have  attempted  to  isolate  the  active  principle  of  the  suprarenal  capsules. 
It  may  be  completely  precipitated  from  an  aqueous  extract  by  treatment 
with  benzoyl  chloride  and  sodium  hydrate,  according  to  the  Schott- 
Baumann  method.  They  conclude  that  the  principle  is  a  basic  substance 
probably  to  be  classed  with  the  pyridin  bases  or  alkaloids. 

According  to  Swale  Vincent,  both  the  cortex  and  medulla  are  glandular, 
the  former  being  derived  from  the  germinal  epithelium,  the  latter  from  the 
sympathetic.  The  medulla,  which  alone  provides  an  active  extract,  con- 
tains a  chromogen  possibly  allied  to  the  tannin  in  coffee,  and  an  active 
principle  closely  connected  chemically  with  piperidine. 

The  activity  of  extracts  has  been  found  to  be  destroyed  by  long  boiling 
and  by  alkalies,  but  is  unaffected  by  acids  and,  according  to  Schafer  and 
Oliver,  by  gastric  digestion.  It  should  be  mentioned,  however,  that  Swale 
Vincent  failed  to  produce  toxic  symptoms  in  rabbits  and  dogs  by  giving 
very  large  doses  by  the  mouth.  A  dog  ate  100  grms.  of  suprarenal  on  one 
occasion,  and  200  (the  equivalent  of  the  capsules  of  twenty-five  sheep)  on 
another  without  ill  effect.  0.  F.  F.  Griinbaum  was  unable  to  raise  his 
own  blood  pressure  by  taking  suprarenal  extract  by  the  mouth.  Schafer 
and  Oliver's  observations  are,  however,  supported  by  the  therapeutic 
results  obtained  by  giving  the  drug  by  the  mouth. 

Five  and  a  half  mgrms.  of  dried  suprarenal  are  sufficient  to  produce  by 
intravenous  injection  a  maximal  effect  upon  the  heart  and  arteries  of  a  dog 
weighing  10  kilos.  Accordingly,  little  more  than  half  a  mgrm.  is  required 
for  each  kilo  of  weight. 

Pharmacology. — Heart  and  Hood  vessels. — From  the  careful  observa- 
tions which  have  been  made  upon  the  action,  it  seems  extremely  probable 
that  the  secretion  of  the  suprarenal  glands  is,  as  Schafer  suggests,  of  great 
physiological  importance  for  maintaining  the  tone  of  muscular  tissues  in 
general,  and  especially  of  the  heart  and  arteries. 

Intravenous  injections  of  suprarenal  extract  have  been  shown  by 
Oliver  and  Schafer  to  have  the  following  effects: — (1)  Extreme  con- 
traction of  arteries  of  peripheral  origin.  The  lumen  of  the  arteries,  when 
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examined  by  Oliver's  arteriometer,  was  found  to  be  decidedly  diminished. 
This  is  brought  about  by  a  direct  action  on  the  unstriated  muscle  fibres, 
and  not  through  the  nervous  system,  for  it  occurs  in  frogs  when  the 
central  nervous  system  is  destroyed  as  well  as  after  section  of  the  spinal 
cord  or  of  the  nerves  leading  to  the  part.  (2}  A  remarkable  and  rapid 
rise  of  arterial  blood  pressure.  This  occurs  in  spite  of  powerful  cardiac 
inhibition,  and  is  further  augmented  when  the  vagi  are  cut.  (3)  Central 
vagus  stimulation.  As  the  result  of  this  the  heart's  action  becomes  slow, 
and  riiay  even  stop.  The  auricle  contracts,  and  may  come  to  complete 
standstill,  while  the  ventricle  continues  beating  with  independent  slow 
rhythm.  (4)  Direct  stimulation  of  the  heart  muscle,  so  that  if  the  vagi 
are  cut  or  paralysed  by  atropine  the  effect  is  precisely  reversed.  The 
strength  and  frequency  of  the  auricular  contraction  are  remarkably 
increased,  and  those  of  the  ventricle  are  correspondingly  augmented.  The 
consequence  of  this  is  that,  while  as  the  result  of  the  direct  action  on  the 
arteries  with  the  vagi  uncut  there  is  considerable  rise  of  blood  pressure, 
with  the  vagi  cut  the  increase  is  enormous.  Stimulation  of  the  depressor 
nerve  does  not  produce  the  usual  reduction  of  the  blood  pressure  while  the 
effect  of  the  suprarenal  injection  lasts.  In  the  case  of  the  frog's  heart, 
relatively  larger  doses  are  required  to  produce  marked  effects,  which  are 
reduction  of  diastole,  abolition  of  groups  of  contractions,  and  arrest  of 
the  ventricle  in  systole.  The  effect  on  the  blood  pressure  passes  off  in 
a  few  minutes,  and  the  constriction  of  the  arteries  is  of  equally  short 
duration. 

Skeletal  muscle.  —  After  intravenous  injection  of  suprarenal  extract, 
the  frog's  gastrocnemius  responds  to  a  single  excitation  of  its  nerve  as 
readily  as  before,  but  the  contraction  is  greatly  prolonged,  the  result  being 
comparable  to  that  produced  by  a  small  dose  of  veratrine,  the  effect  of 
which  is  enormously  to  increase  the  contraction  produced  by  a  single 
stimulation.  The  muscles  remain  as  excitable  through  their  nerves  as 
before,  and,  as  Oliver  and  Schafer  point  out,  the  effect  is  entirely  different 
from  the  so-called  auto-intoxication  paralysis  occurring  after  removal  of 
suprarenals  in  animals.  The  effect  on  the  muscle  of  the  dog  is  similar,  and 
remains  long  after  the  result  of  the  action  on  the  heart  and  blood  vessels 
disappears. 

Elimination. — The  short  duration  of  the  effect  on  the  circulation  is  not 
due  to  excretion  of  the  substance,  either  by  the  kidneys  or  by  the  supra- 
renals. The  effect  is  not  prolonged  by  clamping  either  of  these  organs. 
Moreover,  it  passes  off  as  quickly  if  the  aorta  and  vena  cava  are  tied  so 
that  the  blood  is  cut  off  from  the  abdominal  organs,  and  accordingly  the 
transitoriness  cannot  be  explained  by  the  assumption  that  the  substance 
is  stowed  away  in  the  liver  and  other  organs.  As  the  skeletal  muscles 
show  effects  for  a  longer  time  than  the  vascular  system,  it  may  be  as 
Oliver  and  Schafer  suggest,  that  the  substance  is  taken  up  by  these 
structures. 

General  physiological  effects  of  subcutaneous  injections. — According  to  the 
experiments  of  Swale  Vincent,  very  large  subcutaneous  doses  will  cause 
death  in  any  animal.  .  He  has  studied  the  effects  on  many  different  kinds 
of  animals.  In  the  frog  an  injection  of  0'5  grm.  into  the  dorsal  lymph  sac 
produces  immediate  paralysis,  so  that  the  animal  cannot  recover  the  prone 
position  when  placed  on  its  back,  but  the  effect  soon  passes  off.  If  larger 
doses  are  given,  spasms  and  fibrillary  twitchings  are  produced  in  the  fore- 
limbs,  while  the  hind-limbs  are  paralysed.  With  still  larger  doses  there 
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are  clonic  spasms,  but  no  reaction  to  cutaneous  stimulation.  Doses  up  to 
3  grms.  are  not  fatal.  When  the  effect  is  at  its  height,  stimulation  of  the 
limbs  produces  movements,  proving  that  the  action  is  central,  not  peri- 
pheral. 

In  the  case  of  rabbits,  guinea-pigs,  rats,  and  mice,  the  characteristic 
symptoms  are  slow  muscular  movements,  paresis,  and  finally  paralysis 
of  the  limbs,  hamiaturia,  or  hnemoglobinuria,  bleeding  from  the  mouth 
and  nostril,  and  ecchymoses.  The  breathing  is  rapid  and  shallow  at  first, 
finally  becoming  deep  and  infrequent.  There  are  occasionally  convulsions 
resembling  those  of  asphyxia,  preceding  death.  In  rabbits  the  fatal  dose 
is  variable,  and  resistance  is  shown  in  the  case  of  subsequent  injections. 
In  dogs,  after  very  large  doses  the  first  symptom  is  excitement.  There  is 
increased  muscular  activity,  passing  into  a  stage  of  agitation  with  tremors, 
then  paresis,  and  finally  paralysis.  Thirst  is  a  striking  symptom,  and 
frequent  micturition  is  often  observed.  A  statuesque  attitude  is  assumed 
when  the  stage  of  excitement  passes  off.  Before  the  paralysis  sets  in, 
muscular  effort  appears  to  be  accompanied  with  pain.  The  paralysis  is 
similar  to  that  in  other  animals.  In  cats  there  is  enormous  rapidity  of 
respiratory  movement  in  the  early  stage.  Thirst  and  loss  of  appetite 
succeed.  Paralysis  of  limbs  is  not  so  definite  as  in  other  animals.  The 
breathing  becomes  gradually  less  and  less  frequent. 

Swale  Vincent  has  shown  that  the  action  of  suprarenal  is  specific. 
Numerous  control  experiments  were  performed,  such  as  injections  of 
exactly  similar  preparations  of  liver  and  brain,  without  effect. 

Therapeutics. — The  principal  uses  to  which  suprarenal  gland  has 
been  put  are  as  a  haemostatic,  and  as  a  remedy  for  Addison's  disease. 

Haemostatic  and  astringent. — It  has  been  used  with  success  to  stop 
epistaxis  by  Lermitte,  who  applied  plugs  saturated  with  a  solution  pre- 
pared from  dried  suprarenal  extract  1  part,  boracic  acid  3  parts,  and  dis- 
tilled water  96  parts.  A  watery  extract  of  suprarenal  applied  to  a  mucous 
membrane  before  the  use  of  cocaine  renders  the  latter  more  effective. 
Marked  vaso-constriction  of  the  cutaneous  and  even  subcutaneous  vessels 
rapidly  follows  its  exhibition. 

E.  A.  Peters  recommends  a  solution  of  10  per  cent,  suprarenal  extract 
and  cocaine  for  application  in  operations  on  the  nose  and  pharynx,  and 
20  per  cent,  solutions  for  operations  on  the  ear.  The  solution  should 
be  packed  in  on  wool  for  half  an  hour  to  obtain  the  full  effect.  The  use 
of  the  combined  solution  allows  of  painless  and  bloodless  operations. 
Yearsley  found  that  the  introduction  of  a  5  per  cent,  solution  on 
pledgets  of  cotton-wool  into  the  normal  nose  caused,  after  from  five  to 
fifteen  minutes,  the  turbinal  bodies  to  become  "  shrivelled  and  pallid,  the 
ischtemia  being  so  marked  as  to  give  a  clear  view  of  the  posterior  pharyn- 
geal  wall."  A  sense  of  dryness  in  the  nasal  chambers  was  produced.  The 
effects  lasted  from  half  an  hour  to  two  hours.  The  application  is  recom- 
mended not  only  where  operation  is  contemplated,  but  also  as  an  aid  to 
diagnosis  in  nasal  disease,  the  marked  ischsemia  produced  being  helpful  in 
revealing  causes  of  obstruction. 

W.  H.  Bates  advocates  the  use  of  fresh  solution,  prepared  as  follows: — 
10  grs.  of  dried  gland  dissolved  in  2  drms.  of  water  and  filtered.  One 
drop  of  this  solution  applied  to  the  conjuctiva  whitens  it  in  from  forty 
seconds  to  two  minutes.  No  smarting  or  irritation  is  produced.  The 
application  of  such  drops,  according  to  Bates,  is  specially  indicated  in 
chronic  trachoma,  characterised  by  marked  vascularity  and  lachrymation, 
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in  paunus,  acute  conjunctivitis,  panophthalmitis,  and  iritis,  and  lachrymal 
inflammation. 

S.  Cohen  found  that  suprarenal  extract  taken  internally  controlled  the 
symptoms  of  hay  fever  in  his  own  person ;  and  Yearsley  reports  that 
local  applications,  plugging  the  nostrils  with  pledgets  of  cotton-wool  soaked 
in  the  solution,  gave  relief  for  from  two  to  four  hours  in  hay  fever  and 
paroxysmal  sneezing.  Douglas  has  found  combined  internal  and  local 
treatment  with  suprarenal  extract  very  efficacious  in  hay  fever.  The  nasal 
cavity  is  sprayed  with  a  5  to  10  per  cent,  solution  every  two  hours,  and  five 
grs.  of  dried  saccharated  suprarenal  gland  are  administered  every  two  hours 
until  symptoms  are  controlled. 

0.  F.  F.  Grlinbauni  has  suggested  the  internal  administration  to  check 
hsematemesis,  considering  that  the  probability  of  its  usefulness  is  increased, 
inasmuch  as,  according  to  his  own  observations,  there  was  no  rise  in  the 
blood  pressure  when  administered  in  this  way. 

Addison's  disease.  —  The  analogy  between  Addison's  disease  and 
myxosdema,  the  one  depending  on  an  atrophy  of  the  suprarenal  glands, 
the  other  on  a  similar  condition  of  the  thyroid,  raised  the  hope  that  treat- 
ment by  suprarenal  medication  might  be  as  successful  in  Addison's  disease 
as  the  thyroid  treatment  proved  to  be  in  myxoedema.  Unfortunately,  so 
far  the  results  have  on  the  whole  been  disappointing.  In  many  of  the 
recorded  cases  in  which  the  suprarenal  treatment  has  been  tried,  either  no 
benefit  at  all  has  resulted,  or  there  has  been  merely  temporary  improve- 
ment. Kinnicutt  collected  forty-eight  cases  which  had  been  treated  by 
this  method.  Of  these,  six  seemed  cured,  twenty-two  were  improved, 
eighteen  were  unimproved,  and  two  became  worse.  The  best  results,  on 
the  whole,  seem  to  have  been  obtained  where  large  doses  have  been  given. 
Thus  in  a  case  reported  by  Lloyd  Jones,  in  which  great  improvement 
followed,  at  first  twelve  suprarenal  tabloids  were  taken  each  day,  and  later 
li  fluid  oz.  of  a  1  in  2  extract  were  taken  daily.  The  excessive  pigmenta- 
tion disappeared  and  the  sickness  ceased.  In  a  case  treated  with  benefit 
by  Stockton,  two  sheep's  suprarenals  were  given  daily.  In  a  case  treated 
by  Oliver  with  45  minims  of  a  tincture  (1  minim  representing  1  gr. 
of  gland),  there  was  improvement  in  every  respect,  diminution  of  bronzing, 
return  of  appetite,  and  less  frequent  nausea.  It  may  be  pointed  out  that 
many  of  the  patients  in  whom  the  treatment  has  been  tried  have  been  in 
the  last  stage  of  the  disease,  when  benefit  is  least  likely  to  ensue.  In  two 
cases  treated  at  St.  Thomas's  Hospital  for  periods  of  from  three  to  four 
months,  no  appreciable  improvement  took  place  (Box).  During  the  treat- 
ment one  of  the  patients  received  3255  grs.  of  suprarenal  body,  and  the 
other  7200  grs.  Both  cases  terminated  fatally. 

Other  uses. — Oliver  has  seen  benefit  from  the  use  of  suprarenal  extract 
in  cases  where  the  vasomotor  tone  is  lowered,  as  in  asthenia  and  ana?mia. 
The  same  observer  has  suggested  its  use  for  failing  heart.  Kinnicutt,  who 
has  tried  it  in  a  few  cases  of  this  kind,  has  observed  apparent  benefit,  a 
rapid  rise  in  blood  pressure  being  distinctly  shown  by  the  sphygmograph, 
as  well  as  being  appreciable  to  the  finger.  It  has  also  been  recommended 
before  chloroform  anaesthesia,  to  prevent  the  dangerous  fall  of  blood  pres- 
sure. Experiments  carried  out  by  Minkowski  show  that  in  dogs  labouring 
under  chloroform  narcosis,  the  injection  of  a  1  per  cent,  suprarenal  extract 
into  the  jugular  vein  stimulates  the  heart  and  respiration,  and  maintains 
the  blood  pressure.  It  has  been  employed  in  epilepsy.  Some  who  have 
tried  it  report  that  it  is  useless  if  not  harmful,  but  C.  Hill  reports  most 
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favourably  of  its  effects  on  the  mental  and  physical  condition  of  epileptics. 
It  has  been  tried  in  exophthalmic  goitre  with  observed  improvement  of  all 
the  symptoms. 

THYMUS. 

Preparations  are  made  of  the  thymus  gland  in  the  form  of  tabloids  and 
liquid  extract  similar  to  those  of  the  thyroid.  The  dose  is  indeterminate, 
and  there  appears  to  be  no  danger  in  giving  a  large  amount.  In  many 
cases  the  calf's  thymus  has  been  freely  administered  lightly  cooked  as  a 
sweetbread.  When  the  gland  is  ordered  from  the  butcher,  the  throat 
sweetbread  should  be  specified. 

Chemical  constitution. — The  only  point  of  known  importance  is  that, 
according  to  Baumann,  there  are  traces  of  an  iodine  containing  compound 
in  the  thymus  similar  to  the  iodothyrin  of  the  thyroid. 

Pharmacology. — We  are  nearly  altogether  in  the  dark  as  to  the 
physiological  purposes  of  the  thymus  gland.  There  have  been  many  specu- 
lations made,  but  for  the  most  part  these  do  not  rest  on  any  precise  basis. 
They  have  recently  been  fully  discussed  by  Bonnet,  whose  article  contains 
a  full  bibliography. 

The  thymus  body  differs  from  other  organs  in  the  fact  that  it  appears 
to  serve  a  temporary  purpose,  being  only  functionally  active  during  foetal 
life  and  early  infancy.  According  to  most  authorities,  arrest  of  growth  of 
the  thymus  takes  place  between  the  second  and  fourth  years,  when  the 
organ  progressively  atrophies.  At  puberty  merely  a  vestige  of  the  thymus 
remains,  but  traces  of  it  can  still  be  found  during  adult  life.  In  the  infant 
the  thymus  varies  greatly  in  size. 

According  to  Friedleben,in  young  animals  the  thymus  secretion  increases 
during  digestion,  and  diminishes  when  nourishment  is  withheld.  A  diet 
rich  in  albumin,  fat,  and  salts,  produces  increase  in  size  of  the  thymus,  while 
prolonged  feeding  on  butter  and  starchy  food  causes  it  to  atrophy.  Accord- 
ing to  Ver  Eecke,  the  thymus  in  the  starving  frog  undergoes  retrogressive 
changes.  It  has  been  observed  in  young  calves  that  excessive  exertion 
hastens  the  involution.  In  hibernating  animals,  the  thymus  persists 
and  increases  in  volume  during  the  period  preceding  the  winter  sleep, 
during  which  it  gradually  diminishes,  until  at  the  end  of  the  winter  it  may 
have  become  so  small  that  it  is  discovered  with  difficulty. 

In  the  frog,  during  the  winter,  according  to  Ver  Eecke,  both  the  cortical 
and  medullary  parts  atrophy,  and  the  corpuscles  of  Hassall  disappear 
almost  completely.  This  involution,  progressing  during  the  period  when 
the  animal  ceases  to  take  nourishment,  appears  to  Ver  Eecke  to  point  to  a 
connection  of  the  thymus  with  nutrition.  While  there  are  physiological 
variations  in  the  size  of  the  thymus  in  the  healthy  infant,  it  is  specially 
affected  as  to  size  by  the  state  of  nutrition.  It  is  small  in  children  badly 
nourished  or  cachectic.  According  to  Seydel,  atrophy  of  the  thymus  is  a 
constant  sign  of  death  from  insufficient  or  inappropriate  food.  Hansen 
made  108  observations  on  the  weight  of  the  thymus,  and  while  he  found 
it  normal  in  children  in  good  condition  or  dying  of  acute  illnesses,  it  was 
small  and  atrophied  in  wasted  infants  dying  of  chronic  maladies. 

A  number  of  experimenters  have  studied  the  effects  of  extirpation  of 
the  thymus.  It  has  been  conclusively  shown  that  in  many  animals  the 
thymus  is  not  necessary  to  life.  Some  have  observed  no  bad  effects  what- 
ever, others  have  observed  extreme  voracity  with  emaciation  for  some  time 
after  the  operation,  after  a  month  or  two  the  animals  recovering  their  normal 
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condition.  Nutritional  troubles  have  been  more  marked  the  younger  the 
animal.  Changes  in  the  blood  have  been  noted  as  the  result  of  the  opera- 
tion, there  being  an  increase  of  the  leucocytes  and  a  diminution  of  the  red 
corpuscles.  Abelous  and  Billard  have  observed  in  the  frog,  as  the  result 
of  removal  of  one  lobe,  a  diminished  resistance  to  fatigue,  the  removal  of 
both  causing  death,  preceded  by  muscular  weakness  and  progressive 
paralysis.  In  the  dog,  Tarulli  and  Lo  Monaco  have  observed  similar  effects. 
Compensatory  hypertrophy  of  the  thymus  has  been  observed  after  thyroid- 
ectomy,  and  after  removal  of  the  suprarenal  capsules.  We  may  also  draw 
attention  to  the  fact  that  hypertrophy  of  the  thymus  has  been  found  in 
cases  of  rudimentary  spleen,  and  to  the  frequent  association  of  enlarged 
thymus  with  enlarged  spleen,  tonsil,  and  lymphatic  glands. 

No  physiological  effects  have  been  observed  by  Oliver,  Schiifer,  and 
Swale  Vincent  as  the  results  of  either  intravenous  or  subcutaneous  injec- 
tions of  thymus  extract.  Charrin  produced  in  rabbits  azoturia  and  phos- 
phaturia  after  subcutaneous  injections.  Minkowski,  after  feeding  dogs  with 
calves'  thymus  or  with  nuclein  obtained  from  the  thymus,  has  found  a 
nitrogenous  substance  present  in  large  amount  in  the  urine  (4  grms.  in  the 
litre).  This  substance  he  considers  to  be  an  oxidation  product  of  imido 
hypoxanthin,  probably  related  to  allantoin,  which  is  found  as  an  oxidation 
product  of  uric  acid,  and  appears  in  the  urine  of  dogs  after  feeding  with 
uric  acid.  The  observations  of  Minkowski  have  been  corroborated  by  Th. 
Cohn,  who  found  allantoin  abundantly  present  in  the  urine  of  dogs  fed  on 
thymus.  In  man,  Cohn  obtained  only  negative  results. 

According  to  Abelous  and  Billard,  injections  of  thymus  extract  (either 
calf's  or  frog's)  produce  in  the  healthy  frog  motor  phenomena  identical  with 
those  of  strychnine,  while  in  frogs  deprived  of  thymus  injections  prolong 
life. 

Svehla  has  studied  the  effects  of  injections  on  the  circulation.  In  dogs 
after  injections  of  watery  extract,  he  has  observed  lowering  of  the  arterial 
tension  with  acceleration  of  the  heart's  action.  The  fall  of  pressure  is  not 
prevented  by  section  of  the  vagi  or  by  paralysing  them  with  atropine.  It 
seems  likely  that,  as  in  the  case  of  the  fall  of  pressure  produced  by  injec- 
tions of  extract  of  thyroid,  the  effect  is  due  to  the  organic  extractives  and 
mineral  salts  contained  in  the  extract,  and  not  to  any  active  principle. 
It  may  be  noted  that  Schiifer  and  Swale  Vincent  failed  to  observe  such 
effects  on  the  circulation  as  those  recorded  by  Svehla.  With  large  injec- 
tions Svehla  produced  toxic  effects,  especially  in  young  animals,  and  these 
effects  were  most  marked  when  the  extract  was  obtained  from  an  animal  of 
the  same  species.  The  phenomena  he  observed  were  agitation,  intense 
dyspnoea,  collapse,  and  finally  death. 

Among  the  various  morbid  conditions  in  which  a  persistent  and  some- 
times a  large  thymus  has  been  found,  are  exophthalmic  goitre,  acromegaly, 
acute  leucocythremia,  and  occasionally  simple  goitre.  Sometimes  in  children 
who  have  died  suddenly  the  only  apparent  morbid  condition  discovered 
has  been  a  hypertrophied  thymus,  and  the  nature  of  these  cases  is  at  present 
uncertain.  The  relation  of  the  hypertrophy  of  the  thymus  to  the  diseases 
in  which  it  occurs  is  equally  obscure. 

Therapeutics. — Since  the  introduction  of  preparations  of  thyroid 
into  the  Materia  Medica,  many  patients  have  been  treated  with  thymus,  and 
if  no  great  benefit  has  been  obtained,  it  may  be  said  that,  as  far  as  we  know, 
no  patient  has  been  made  worse  by  it. 

Goitre. — Mikulicz  used  thymus  extract  in  the  treatment  of  thirty  cases 
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of  goitre  with  some  decided  reduction  in  size  in  twenty  cases,  among  which 
were  several  which  had  either  become  worse  or  had  only  slightly  improved 
under  thyroid  treatment.  Of  thirty  cases  reported  by  lieinbach,  three 
cases  in  children  were  completely  cured,  and  eighteen  were  improved. 
The  fact  already  referred  to,  that  an  iodine  compound  has  been  found  in  the 
thymus,  is  of  great  interest  in  this  relation. 

Exophthalmic  goitre — Thymus  has  been  used  to  a  considerable  extent  in 
the  treatment  of  exophthalmic  goitre.  Great  benefit  has  been  reported  in 
some  cases.  We  have  made  an  extensive  trial  of  it,  and  have  published 
the  results  of  the  treatment  of  twenty  cases,  comparing  them  with  twenty 
others  treated  in  other  ways.  The  conclusions  we  arrived  at  were  that  the 
thymus  gland  administered  internally  has  no  specific  action  in  Graves' 
disease,  having  no  direct  effect  either  on  the  heart,  on  the  goitre,  or  on  the 
exophthalmos,  although  it  possibly  has  some  value  in  improving  the  general 
condition  of  the  patients,  and  in  this  way  might  contribute  towards  their 
recovery. 

Other  conditions. — Macalister  suggested  the  use  of  thymus  gland  in  the 
treatment  of  pseudo-hyper  trophic  paralysis,  and  reported  temporary  im- 
provement. No  real  benefit,  however,  has,  as  far  as  we  know,  followed  its 
administration  in  this  disease.  Kinnicutt,  acting  on  the  idea  that  the 
thymus  possibly  stimulated  the  nutrition  processes,  administered  it  in  six 
carefully  selected  cases  of  apyretic  pulmonary  phthisis.  In  five  out  of  the 
six  cases,  an  increase  in  weight  occurred  during  the  first  weeks  of  treatment, 
but  the  gain  was  followed  by  a  loss.  Otherwise  there  was  no  change  in 
the  general  condition.  A  few  cases  have  been  reported  in  which  thymus  has 
appeared  to  do  good  in  chlorosis.  It  has  also  been  administered  in  order 
to  improve  defective  nutrition  in  children.  Stopato  treated  ten  children 
suffering  from  malnutrition,  giving  doses  of  from  2  to  40  grms.,  and  benefit 
is  said  to  have  resulted.  Thymus  has  been  thought  to  have  a  haemostatic 
action,  and  has  been  given  for  haemoptysis.  It  has  been  tried  for  the 
relief  of  urticaria  and  in  many  other  maladies,  but  the  results  have  as  a 
rule  been  negative. 

SPLEEN. 

A  glycerin  extract  of  spleen,  made  in  a  manner  similar  to  that  adopted 
in  the  case  of  the  other  glands,  has  been  used  in  several  diseased  conditions. 
We  know  little  of  the  physiological  action  of  spleen  substance.  Oliver  and 
Schiifer  found  that  in  the  dog  the  intravenous  injection  of  splenic  extract 
causes  first  an  immediate  fall  of  blood  pressure,  followed  later  by  a  pro- 
nounced and  continuing  rise,  and  this  again  succeeded  by  a  slow  return  to 
the  normal.  Swale  Vincent  found  that  subcutaneous  injections  produce 
no  physiological  effects.  In  cases  in  which  the  spleen  has  been  removed 
in  human  beings,  either  on  account  of  injury  or  disease,  no  apparent  bad 
results  have  ensued.  H.  C.  Wood  has  used  splenic  extract  in  various 
cases  of  exophthalmic  goitre.  He  has  found  that  if  it  is  given  by  the 
mouth  in  sufficiently  large  doses  to  produce  effect,  it  is  apt  to  violently 
derange  the  digestion  and  to  cause  much  pain,  nausea,  and  vomiting,  while, 
if  given  subcutaneously,  it  frequently  causes  great  local  irritation  and  even 
abscesses.  Wood  was  greatly  impressed  with  the  improvement  which 
followed  the  administration  of  splenic  extract  in  a  case  of  exophthalmic 
goitre  of  six  years'  duration,  where  there  was  very  great  enlargement 
of  the  thyroid  gland.  The  splenic  extract  was  given  alternately  by 
the  mouth  and  hypodermically.  Doses  of  a  teaspoonful  of  the  extract, 
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when  given  by  the  mouth,  at  first  produced  violent  gastric  distress, 
accompanied  with  local  pain  radiating  from  the  stomach,  lasting  for 
some  hours,  and  followed  by  complete  distaste  for  food.  Hypodermic 
injections  of  10  minims  produced  much  local  pain  and  induration,  but 
never  suppuration.  The  treatment  was  kept  up  for  six  months.  Im- 
provement began  soon  after  the  hypodermic  injections  were  stalled, 
and  continued,  so  that  the  enlargement  of  the  thyroid  gland  entirely 
disappeared,  a  result  which  Wood  had  never  seen  in  any  case  previously 
under  his  care. 

Splenic  feeding  has  been  tried  in  lymphadenoma  with  temporary 
benefit,  and  in  insanity,  in  which  condition  it  is  said,  according  to  Campbell 
Clark,  to  have  aided  digestion  and  nutrition,  stimulated  the  cutaneous 
circulation,  quickened  the  pulse  rate,  produced  slight  rise  of  temperature, 
increased  glandular  action,  and  improved  the  mental  condition.  A  glycerin 
extract,  of  which  1  drm.  represented  1  drm.  of  fresh  spleen,  has  been  given 
in  doses  starting  at  1  to  3  drms.,  and  increasing  to  1  oz.  Campbell  Clark 
used  an  emulsion  of  the  ethereal  extract,  each  fluid  drachm  representing 
5  grs.  of  extract,  the  largest  dose  given  being  1  drm.  four  times  daily.  He 
considers  it  important  that  the  remedy  should  be  given  on  an  empty 
stomach  half  an  hour  before  meals. 

PITUITARY  BODY. 

Pharmacology. — The  physiological  action  of  extract  of  pituitary 
body  resembles  that  of  the  suprarenal  gland  in  its  effect  on  the  blood 
pressure.  On  intravenous  injection  of  an  extract,  great  and  rapid  rise  of 
blood  pressure  has  been  observed  by  Schafer  and  Oliver.  There  is  also 
increased  force  of  the  heart's  action,  with  diminished  frequency  of  the 
beats.  Howell  has  shown  that  this  effect  is  produced  solely  by  the  infundi- 
bular part  of  the  pituitary  body,  and  not  by  the  hypophyseal  part.  The 
rise  of  blood  pressure  is  accompanied  by  slowing  of  the  pulse,  which  per- 
sists, although  to  a  less  marked  extent,  after  section  of  the  vagi.  One  dose 
annuls  the  action  of  a  second  dose,  unless  a  very  considerable  interval,  half 
an  hour  or  more,  is  allowed  to  elapse.  Schafer  and  Swale  Vincent  confirm 
Howell's  observations,  and  find  that  the  active  principles  of  an  extract  of 
the  infundibular  part  of  the  pituitary  body  of  the  ox  dialyse  through  parch- 
ment, and  at  least  two  active  substances  are  present  in  the  decoction,  namely 
— (1)  a  substance  which  is  not  soluble  in  absolute  alcohol,  and  (2)  a  sub- 
stance which  can  be  extracted  by  alcohol,  and  from  the  residue  of  the 
alcoholic  extraction  by  ether.  The  first,  which  has  been  called  the  pressor 
substance,  produces  a  simple  rise  of  blood  pressure,  which  may  be  uncom- 
plicated with  slowing  of  the  heart.  Sometimes  the  heart  is  slowed,  a  result 
in  part  incidental  to  contraction  of  arterioles  and  rise  of  arterial  pressure, 
but  in  part  due  to  a  direct  action  upon  the  peripheral  cardiac  mechanism. 
The  second  produces  a  well-marked  fall  in  the  arterial  pressure,  the  effect 
being  almost  identical  with  that  caused  by  cholin.  An  important  point  in 
connection  with  the  second  substance  is,  that  although  a  single  large  dose 
of  pituitary  extract  usually  prevents  for  a  long  period  of  time  any  rise  of 
pressure  resulting  from  a  second  dose,  it  does  not  prevent  a  marked  fall  of 
pressure  being  produced  by  the  second  substance.  This  action  can  be  ob- 
tained again  and  again. 

Other  symptoms  which  have  been  observed  after  subcutaneous  injec- 
tions in  small  mammals,  are  quickened  respiration,  increased  action  of 
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the  heart,  and  paralysis  of  the  hind-limbs,  similar  to  the  effects  produced 
by  suprarenal  extract. 

Therapeutics. — Acromegaly  has  been  found  to  be  associated  with 
disease  of  the  pituitary  body.  The  morbid  changes  have  varied  in  different 
cases,  but  have  consisted  either  of  tumours  of  various  kinds  or  of  simple 
hyperplasia.  The  exact  relationship  of  the  disease  to  the  altered  pituitary 
body  is  not  definitely  known,  but  there  is  no  doubt  there  is  altered  function 
of  this  gland.  A  considerable  number  of  cases  have  accordingly  been 
treated  by  administration  of  pituitary  extract.  Kinnicutt  has  collected 
thirteen  cases  of  the  disease  treated  in  this  way.  In  seven  cases,  varying 
degrees  of  improvement  were  recorded,  in  five  cases  there  was  no  benefit, 
and  in  one  case  treatment  made  the  patient  worse.  In  three  cases  relief 
was  given  to  the  neuralgic  pains,  and  in  one  case  to  the  headache ;  in  one 
case  there  was  decrease  in  the  measurements  of  the  extremities,  in  one 
case  there  was  improvement  in  the  mental  condition,  and  in  six  out  of  the 
seven  in  the  general  condition.  In  one  case  where  there  was  marked 
improvement,  the  pituitary  extract  was  given  in  combination  with  thyroid. 

OVARY. 

The  use  of  extract  of  ovary  has  been  suggested  in  cases  of  removal  of 
ovaries.  We  know  hardly  anything  of  its  physiological  action.  According 
to  Federoff,  ovarine  and  fresh  ovarian  extract,  when  injected  into  the 
circulation  in  rabbits,  raise  the  blood  pressure,  but  diminish  the  heart's 
action  and  slow  the  respiration,  and  when  administered  to  the  human 
female  increase  arterial  pressure. 

Toulouse  and  Marchaiid  treated  five  cases  of  epilepsy  which  appeared 
to  be  connected  with  ameiiorrhoea  or  the  climacteric.  They  report  that 
there  was  a  striking  diminution  in  the  number  and  severity  of  the  epileptic 
attacks.  Two  young  women  who  had  long  suffered  from  amenorrhoea, 
menstruated  within  five  weeks  after  the  treatment  was  commenced. 
Seeligmanu  reports  that  ovarian  extract  has  a  decidedly  beneficial  action 
not  only  upon  typical  climacteric  disturbances,  but  also  upon  psychical 
depression  and  constitutional  affections,  such  as  gout  and  psoriasis,  which 
may  make  their  appearance  about  this  time.  Three  cases  of  Graves' 
disease  were  benefited. 

On  the  whole,  the  evidence  of  the  therapeutic  value  of  the  preparation 
of  ovary  is  slight. 

TESTICLE. 

Although  a  liquid  extract  of  testicle  was  probably  the  pioneer  in 
organotherapy,  being  used  by  Brown-Sequard  as  a  means  of  rejuvenation, 
we  know  as  little  about  its  physiological  action  as  we  do  about  that  of 
ovarian  extract.  It  appears  to  have  a  stimulant  action  on  the  testicle, 
according  to  Walter  Dixon,  who  found  increase  in  bulk  of  the  testicle 
after  injections.  We  know  nothing  about  its  therapeutic  usefulness. 

BONE  MARROW. 

There  are  two  kinds  of  marrow — the  yellow  marrow,  which  fills  up  the 
shafts  of  long  bones,  and  is  almost  entirely  made  up  of  ordinary  adipose 
tissue,  the  fat  cells  being  supported  by  a  little  connective  tissue ;  and  the 
red  marrow,  occupying  the  cancellated  structure  of  the  ends  of  the  long 


768  ORGANOTHERAPY. 

bones  and  the  interior  of  short  bones,  of  more  fluid  consistence  and  contain- 
ing few  fat  cells.  The  red  marrow  contains  numerous  roundish  nucleated 
cells  resembling  leucocytes,  together  with  smaller  reddish  coloured  cells 
representing  transitional  forms  between  the  proper  marrow  cells,  and  the 
red  blood  corpuscles.  Both  these  kind  of  marrow  contain  traces  of  iron, 
estimated  by  Stockman  as  •£-$  gr.  per  oz.  in  the  yellow  marrow,  and  ..'0 
gr.  per  oz.  in  the  red  marrow. 

Preparations. — Both  the  red  and  yellow  marrow  have  been  given  by 
mouth,  either  made  into  a  paste  or  jelly,  or  in  the  form  of  tabloids,  capsules, 
or  glycerin  extract  The  preparation  used  by  Barrs  at  the  Leeds 
Infirmary  was  made  in  the  following  manner: — Three  oz.  of  fresh  bone 
marrow  (as  much  red  as  possible)  were  made  up  into  a  paste  with  port 
wine  1  oz.,  glycerin  1  oz.,  and  gelatin  5  drms.  The  gelatin  is  soaked  in 
sufficient  water  to  soften  it,  and  then  melted  with  the  glycerin,  the  mix- 
ture being  kept  in  a  mortar  previously  warmed  with  boiling  water.  The 
marrow  and  wine  are  mixed  in  a  mortar  similarly  heated.  The  contents 
of  the  two  mortars  are  thoroughly  incorporated  and  allowed  to  set.  The 
glycerin  extract  is  made  from  chopped  fragments  of  sheep's  or  calf's  ribs. 
The  proprietary  preparation  known  as  Virol  is  said  to  contain  red  bone 
marrow.  A  preparation  of  red  bone  marrow  and  bullock's  blood,  called 
carnogen,  has  also  been  used.  Three  oz.  of  marrow  a  day  has  frequently 
been  given. 

Therapeutics. — The  red  bone  marrow  is  a  hsemopoietic  tissue,  and 
accordingly  its  use  was  suggested  in  the  treatment  of  various  forms  of 
amemia  and  disorders  of  blood  generally.  The  yellow  marrow  is,  however, 
simply  a  form  of  fat,  and  probably  acts  in  the  same  way  as  other  animal 
fats,  such  as  cod-liver  oil.  The  amount  of  iron  present  in  either  form  is 
too  small  to  have  an  appreciable  influence. 

The  remedy  has  been  principally  used  in  pernicious  anaemia,  but  the 
improvement  reported  in  several  of  the  earlier  cases  has  not  been  confirmed 
by  other  observers.  Fraser  and  Barrs  each  reported  a  case  in  which  great 
benefit  had  followed  the  administration  of  3  oz.  of  marrow  daily,  when 
other  remedies  had  failed.  Stockman,  who  investigated  the  matter, 
reported  that  in  his  opinion  the  marrow  with  which  these  patients  had 
been  treated  consisted  entirely  of  yellow  marrow. 

Good  results  have  been  reported  from  treatment  with  marrow  in 
ordinary  forms  of  amemia,  in  leucocythiemia,  in  chronic  malacia,  in 
tuberculous  joint  diseases,  and  in  osteomalacia.  I  made  an  extensive  trial 
of  marrow  in  cases  of  osteo-arthritis  and  in  osteitis  deformans,  but  obtained 
only  negative  results. 
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SERUM  THERAPY. 

GENERAL  CONSIDERATIONS. 

WE  are  acquainted  with  two  distinct  properties  in  virtue  of  which  patho- 
genic bacteria  are  capable  of  causing  harmful  effects  when  introduced  into 
the  tissues  of  susceptible  animals.  The  one  property  is  that  of  secreting 
toxines  into  the  surrounding  media;  the  other,  that  of  multiplying  and 
invading  the  tissues  beyond  the  seat  of  inoculation. 

These  properties  are  possessed  by  different  bacteria  in  different  degrees. 
The  diphtheria  bacillus,  for  example,  possesses  very  slight  power  of  invading 
the  tissues,  and  therefore  remains  limited  to  the  seat  of  inoculation ;  but 
it  nevertheless  causes  death  in  a  susceptible  animal  by  means  of  the 
toxines  which  it  elaborates,  and  which  are  conveyed  by  the  blood  and 
lymph  to  the  various  tissues.  These  soluble  toxines  are  formed,  not  only 
in  the  living  tissues,  but  also  in  artificial  cultivations,  and  from  these  they 
can  be  obtained  by  filtrations.  When  injected  into  the  tissues  of  animals, 
toxines  cause  the  same  effect  as  inoculation  with  living  bacteria.  The 
pneumococcus,  on  the  other  hand,  possesses  a  very  slight  power  of  forming 
soluble  toxines,  so  that  the  filtrate  from  a  cultivation  is  practically  harmless. 
Nevertheless  this  micro-organism  is  exceedingly  pathogenic  to  susceptible 
animals,  in  virtue  of  its  power  of  invading  and  multiplying  in  the  tissues. 
An  examination  of  the  blood  and  tissues  after  death  shows  them  to  be 
crowded  with  myriads  of  cocci,  which  contain  within  their  protoplasm  a 
small  quantity  of  toxic  substance,  to  which  the  injurious  effects  appear  to 
be  due.  As  these  substances  are  not  secreted  by  the  cocci  into  the  sur- 
rounding media,  they  are  only  present  in  sufficient  quantity  to  be  injurious 
after  considerable  multiplication  of  the  cocci  and  dissemination  through 
the  tissues  has  taken  place. 

Immunity  to  infection  may  be  due  to  one  of  two  causes,  or  to  a  com- 
bination of  both.  It  may  be  due  to  the  power  possessed  by  the  tissues, 
either  of  resisting  the  action  of  the  bacterial  toxines  or  of  preventing 
multiplication  of  the  bacteria.  In  most  cases  both  factors  are  at  work, 
one,  however,  being  usually  more  prominent  than  the  other.  Immunity  to 
a  toxic  disease,  such  as  diphtheria,  is  chiefly  due  to  the  power  of  resisting 
the  action  of  the  toxines ;  while  immunity  to  a  septic  disease,  such  as  the 
pneumococcal  septicaemia  of  rabbits,  is  chiefly  due  to  the  power  of  pre- 
venting multiplication  of  the  bacteria. 

We  can  classify  immunity  into  two  main  divisions,  natural  immunity 
and  acquired  immunity. 

All  animals,  even  the  most  susceptible,  possess  a  certain  amount  of 
resisting-power  to  bacterial  infection ;  while  with  some  animals  this 
resistance  in  regard  to  certain  bacteria  is  so  great  as  to  constitute  what 
is  termed  natural  immunity.  It  would  be  going  too  far  from  the  scope  of 
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this  article  to  enter  into  a  discussion  upon  the  nature  of  this  form  of 
immunity.  It  will  suffice  to  say  that  it  does  not  depend  upon  the 
presence  of  specific  protective  substances  in  the  blood,  and  consequently 
the  blood  of  naturally  immune  animals  will  not  protect  other  animals 
from  infection.  Protective  substances  are  no  doubt  present  in  the  blood, 
but  they  are  not  the  essential  factors  in  the  protective  mechanism.  The 
natural  resistance  of  the  body  to  infection  can  be  increased  in  various 
ways.  For  example,  the  injection  of  sterile  broth  into  the  peritoneal 
cavity  of  a  guinea-pig  will  enable  the  animal  to  resist  subsequent  inocu- 
lation with  an  otherwise  fatal  dose  of  the  cholera  vibrio.  The  immunity 
thus  produced  is,  however,  slight  and  transient,  and  it  does  not  appear  to 
be  of  a  specific  character.  It  is  probable  that  many  drugs  used  in  the 
treatment  of  bacterial  infections  act  by  increasing  the  natural  resisting- 
powers.  The  treatment  of  phthisis  and  other  infections  by  yeast  appears 
especially  to  come  into  this  category. 

An  artificial  immunity  can  be  induced  in  otherwise  susceptible  animals 
by  the  injection  of  subminimal  fatal  doses  of  living  bacteria,  or  of  their 
toxines,  and  it  can  be  intensified  by  further  injections  of  larger  doses. 
This  form  of  immunity  is  in  the  main  specific,  the  animal  being  only  pro- 
tected against  the  particular  bacterium  with  which  it  has  been  immunised. 
The  specificity  is,  however,  not  absolute,  for  protection  may  also  be  afforded 
against  closely  allied  bacteria.  The  immunity  thus  induced  is  no  doubt 
of  a  complex  nature,  but  the  most  important  factor,  and  the  one  which 
chiefly  concerns  us,  is  the  appearance  of  protective  substances  in  the 
blood.  These  substances  are  capable  not  only  of  protecting  the  animals 
in  whose  tissues  they  are  formed,  but  they  also  possess  the  power  of  pro- 
tecting other  animals.  Serum  therapy  is  the  application  of  this  principle 
to  the  treatment  of  disease. 

The  first  paper  bearing  upon  this  subject  was  published  in  the  year 
1888  by  Eichet  and  Hericourt,  who  described  experiments  in  which  they 
showed  that  the  blood  serum  of  an  immunised  animal  possessed  the  power 
of  protecting  other  animals  against  infection.  They  found  that  the  blood 
serum  of  dogs  which  had  recovered  from  infection  with  the  Micrococcus 
pyosepticus  was  able  to  protect  rabbits  against  the  same  micro-organism 
if  injected  prior  to  inoculation.  In  1889,  Bab4  and  Lepp  found  that 
the  blood  serum  of  dogs  immunised  against  hydrophobia  possessed  slight 
power  of  protecting  other  animals.  A  year  later,  in  1890,  Behring  and 
Kitasato  published  a  paper  which  may  be  considered  the  foundation  of 
serum  therapy.  In  this  paper  they  showed  that  the  blood  serum  of 
animals  immunised  to  tetanus  possessed  the  property  of  protecting  other 
animals  against  living  tetanus  bacilli  and  their  toxines.  The  injection  of 
the  serum  was  operative  not  only  when  made  prior  to  the  inoculation, 
but  also  when  made  subsequently.  It  was  thus  of  therapeutic  value,  and 
they  suggested  its  application  to  the  treatment  of  tetanus  in  the  human 
subject.  They  also  stated  that  similar  therapeutic  effects  could  be  pro- 
duced in  the  case  of  diphtheria.  They  attributed  the  protective  power  of 
the  serum  to  the  formation  in  the  blood  of  a  substance  which  they  called 
antitoxine,  and  which  was  capable  of  destroying  the  bacterial  toxines. 
In  1891,  Ehrlich  showed  that  the  protective  power  of  the  serum  was  not 
limited  to  bacterial  products.  He  was  able  to  immunise  animals  against 
abrin  and  ricin,  the  poisonous  proteids  of  Abrus  precatorius  and  Rici'Mis 
communis,  and  he  found  that  the  blood  serum  of  these  immunised  animals 
possessed  marked  antitoxic  properties.  By  careful  experiments  he  elabor- 
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ated  a  method  for  the  numerical  estimation  of  the  antitoxic  property  of 
the  serum.  In  1894,  Calmette  showed  that  the  blood  serum  of  animals 
immunised  against  snake  poison  possessed  protective  and  therapeutic  pro- 
perties. 

The  above  researches,  and  many  others  to  which  we  shall  refer  later, 
have  shown  that  animals  can  be  immunised  against  infection  with  living 
bacteria  and  their  toxines,  against  certain  vegetable  and  animal  poisons, 
and  against  the  virus  of  a  disease  of  unknown  pathology  such  as  hydro- 
phobia ;  and,  furthermore,  that  the  blood  serum  of  these  animals  possesses 
protective  and  therapeutic  properties.  The  general  principle  of  the  pro- 
tective properties  of  the  blood  serum  of  immunised  animals  has  thus 
become  firmly  established.  It,  however,  is  not  applicable  to  all  poisons. 
In  the  case  of  many  poisons  of  a  more  simple  nature  than  the  bacterial 
toxines,  such,  for  instance,  as  the  vegetable  alkaloids,  a  tolerance  to  large 
doses  can  be  induced;  but  this  tolerance  is  very  rarely  if  ever  due  to 
the  formation  of  antitoxic  substances  in  the  tissues.  It  may  be  that  some 
bacterial  toxines  behave  like  the  poisons  to  which  we  are  referring,  and 
that  in  this  direction  serum  therapy  has  its  limitations. 

Further  researches  upon  the  protective  substances  found  in  the  blood 
of  immunised  animals  have  made  it  clear  that  they  are  of  two  distinct 
kinds — antitoxincs,  which  neutralise  the  effects  of  the  soluble  bacterial 
toxines,  and  antibacterial  substances,  which  prevent  the  bacteria  from 
multiplying  in  the  tissues. 

In  the  case  of  diphtheria,  the  protective  substance  in  the  blood  is  an 
antitoxine,  for  the  serum  will  protect  animals  against  the  diphtheria  toxines. 
It  will  also  protect  against  inoculation  with  living  cultivations  of  the 
diphtheria  bacillus,  which  does  not  appear  to  be  due  to  the  presence  of  an 
antibacterial  substance  in  the  serum,  but  to  the  neutralisation  of  the 
toxines  which  renders  the  bacilli  harmless.  The  bacilli  remain  for  some 
time  living  in  the  body,  and  are  ultimately  destroyed  by  the  natural 
bactericidal  properties  of  the  tissues. 

In  the  case  of  the  hog  cholera  bacillus,  Metchnikoff  showed  that  the 
protective  substance  in  the  blood  is  an  antibacterial  substance  which 
protects  against  inoculation  with  the  living  bacilli,  but  which  has  no 
antitoxic  power,  inasmuch  as  it  does  not  protect  against  the  toxines. 
The  same  appears  to  be  the  case  with  the  blood  of  animals  immunised 
against  the  Streptococcus  pyogenes  and  the  Pneumococcus ;  but  we  must 
be  a  little  cautious  in  coming  to  conclusions  with  regard  to  these 
bacteria,  as  the  toxines  which  have  been  obtained  from  them  are  not 
very  definite. 

Wassermann  has  shown  that  in  the  case  of  the  Bacillus  pyocyaneus, 
immunisation  with  living  cultivations  produces  a  serum  which  will  protect 
against  living  bacteria,  but  not  against  their  toxines,  while  immunisation 
with  toxines  produces  a  serum  which  is  antitoxic  and  antibacterial. 

In  considering  the  origin  and  mode  of  action  of  protective  substances, 
we  will  at  first  confine  our  attention  to  the  antitoxines. 

Antitoxines. — The  best  method  of  insuring  the  formation  of  anti- 
toxine in  the  blood  is  to  inject  the  animal  repeatedly  with  increasing  doses 
of  toxines.  Inoculation  with  living  cultivations  can  also  be  employed,  but 
is  not  so  reliable  in  its  results. 

There  are  certain  points  that  must  be  borne  in  mind — (1)  An  animal 
which  is  naturally  insusceptible  yields  only  a  slight  amount,  if  any,  of 
antitoxine.  Thus  the  blood  serum  of  a  fowl,  an  animal  insusceptible  to 
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tetanus,  contains  practically  no  antitoxine  even  after  repeated  inoculation 
with  large  doses  of  tetanus  toxine.  (2)  The  amount  of  antitoxine  pro- 
duced depends,  to  some  extent,  upon  the  amount  of  toxine  introduced,  but 
it  also  depends  upon  the  manner  in  which  the  toxine  is  administered.  For 
example,  repeated  injections  of  doses  of  snake  toxines  give  rise  to  a  larger 
production  of  antitoxine  than  the  injection  of  the  same  quantity  at  one 
time.  (3)  After  a  large  amount  of  antitoxine  has  been  removed  by  bleed- 
ing, a  further  injection  of  toxines  is  required  in  order  to  produce  more 
antitoxine.  After  an  animal  has  been  yielding  antitoxine  for  some  time, 
no  further  production  occurs,  in  spite  of  repeated  injections  of  toxines. 
The  animal  has,  however,  by  this  time  become  accustomed  to  the  toxine, 
and  is  now  not  affected  by  large  doses. 

These  facts  admit  of  two  explanations — either  the  antitoxine  is  formed 
by  a  combination  of  the  toxine  with  some  constituent  of  the  body,  or  it 
is  a  secretion  from  some  of  the  tissues,  brought  about  by  the  stimulus 
of  the  toxines.  The  non-formation  of  antitoxine  in  naturally  immune 
animals  might  be  due  either  to  the  lack  of  chemical  substances  to  combine 
with  the  toxine,  or  to  lack  of  power  of  the  tissues  to  secrete  antitoxine. 
The  cessation  of  antitoxine  formation  in  susceptible  animals  after  repeated 
injections  might  be  due  to  the  exhaustion  of  secretory  cells,  or  to  the  using 
up  of  the  substances  which  combine  with  the  toxine.  In  support  of  the 
view  that  antitoxines  are  secreted  by  the  tissues,  is  the  fact  that  anti- 
toxines  are  present  in  the  blood  of  many  animals. 

Elirlich,  upon  theoretical  grounds,  enunciated  the  following  theory  of 
the  mode  of  formation  of  antitoxines.  He  considered  that  the  predilection 
of  certain  toxines  to  affect  certain  tissues  was  due  to  the  possession  of 
what  he  designated  "  side-chains  "  in  the  molecules  of  the  cells,  to  which 
the  molecules  of  the  toxines  could  become  attached.  The  cells  of  the 
central  nervous  system  of  susceptible  animals,  for  example,  possess  side- 
chains,  to  which  the  tetanus  toxiue  can  become  attached,  while  those  of 
insusceptible  are  not  furnished  with  such  side-chains,  and  consequently 
the  toxine  passes  by  them  without  causing  injury.  After  the  injection  of 
toxines  into  susceptible  animals,  a  supersecretion  of  side-chains  occurs. 
These  side-chains  become  detached  into  the  blood,  and  constitute  the  anti- 
toxine. After  detachment  they  are  still  capable  of  combining  with  toxines, 
and  thus  rendering  them  inert.  If  this  theory  is  correct,  it  follows  that 
tetanus  toxines,  when  mixed  with  an  emulsion  of  the  central  nervous 
system  of  a  susceptible  animal,  would  be  rendered  inert,  which  has  been 
shown  by  Wassermann  to  be  the  case.  It  will  be  seen  that  this  theory 
implies  that  antitoxine  is  formed  in  the  tissues,  and  not  in  the  blood,  and 
also  that  the  action  of  antitoxine  upon  toxine  is  of  the  nature  of  a  chemical 
combination. 

This  latter  question,  which  we  now  propose  to  consider,  has  given  rise 
to  considerable  discussion.  Behring  and  Kitasato  in  their  first  paper 
enunciated  the  view  that  the  toxines  were  neutralised  by  antitoxines,  in  the 
same  way  as  bases  neutralise  acids.  This  view  was  opposed  especially  by 
the  French  school,  who  considered  that  the  antitoxines  only  acted  inside 
the  body  upon  the  toxines,  and  that  they  acted  by  stimulating  the  tissues 
to  resist  the  effect  of  the  toxines.  Their  theory  was  chiefly  based  upon  the 
fact  that  a  mixture  of  toxiue  and  antitoxine,  which  was  inert  when  injected 
into  certain  animals,  was  toxic  to  other  animals,  thus  apparently  showing 
that  no  neutralisation  of  the  toxine  had  occurred  outside  the  body.  Many 
experiments  have  since  been  brought  forward  in  favour  of  each  theory ; 
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but  it  now  appears  to  be  definitely  settled  tbat  the  original  view  of 
Behring  and  Kitasato  is  correct. 

Kantback  demonstrated  tbat  the  action  of  snake  poison  in  preventing 
the  coagulation  of  shed  blood  could  be  inhibited  by  previously  adding 
antitoxine  to  the  poison ;  and  as  the  whole  experiment  was  conducted 
outside  the  body,  no  question  of  stimulation  of  cells  arose.  The  interest- 
ing experiments  of  C.  J.  Martin  and  J.  Cherry  are  conclusive  in  showing 
that  toxines  and  antitoxines  combine  chemically  outside  the  body.  They 
found  that  diphtheria  toxine  would  pass  through  a  Be rkefeld  filter  cov< TCI  1 
with  gelatin,  but  that  antitoxine  would  not.  If  the  toxine  were  mixed 
with  an  appropriate  quantity  of  antitoxine,  and  the  mixture  kept  at  an 
appropriate  temperature  for  a  sufficient  time,  then  the  toxine  would  no 
longer  pass  through  the  filter,  showing  that  a  chemical  combination  had 
taken  place.  Different  results  obtained  by  other  observers  was  shown  by 
them  to  be  due  to  the  neglect  of  proper  conditions  of  time  and  tempera- 
ture. 

Antibacterial  substances. — With  regard  to  the  mode  of  action  and 
formation  of  antibacterial  substances,  there  is  still  a  great  deal  to  be  learned. 
Gruber  and  Durham  showed  that  the  addition  of  an  antibacterial  serum  to 
a  cultivation  of  the  corresponding  bacterium  caused  the  bacteria  to  clump 
together.  This  action  is  due  to  the  presence  of  an  agglutinating  substance 
which  is  a  fairly  stable  body.  This  substance,  however,  is  not  the  essential 
body  causing  destruction  of  the  bacteria,  for  the  amount  of  it  present  is 
no  index  of  the  protective  power  of  the  serum.  From  the  researches  of 
Pfeiffer,  Bordet,  and  others,  it  appears  that  an  antibacterial  serum,  when 
quite  fresh,  possesses  the  power  of  dissolving,  and  thus  destroying,  the 
corresponding  bacteria.  If  the  serum  is  kept  for  some  time,  it  loses  this 
power,  but  regains  it  on  the  addition  of  a  small  quantity  of  fresh  normal 
serum.  The  inference  is  that  the  antibacterial  serum  contains  two  sub- 
stances— the  one  a  stable  body,  called  the  immune  body,  which  is  specific 
in  its  action ;  and  the  other  an  unstable  body,  called  addiment,  which  is 
present  in  normal  blood.  The  destruction  of  the  bacteria  is  brought  about 
by  the  immune  body  in  the  presence  of  the  addiment.  No  doubt  the 
phagocytic  cells  of  the  body  assist  in  the  destruction  of  bacteria,  but  we 
are  not  here  concerned  with  this  aspect  of  the  question. 

It  appears  that  the  protective  substances  are  formed  in  the  tissues  and 
not  in  the  blood.  Wassermann,  for  instance,  has  shown  that  the  bone 
marrow  of  animals  immunised  against  the  pneumococcus  contains  more 
antibacterial  substance,  weight  for  weight,  than  the  blood.  Ehrlich  and 
Morgenroth,  on  theoretical  and  experimental  grounds,  conclude  that  the 
substances  which  destroy  the  bacteria  are  products  of  the  cells,  and  are 
analogous  to  the  side  chains  which  represent  the  antitoxines. 

We  now  come  to  the  consideration  of  the  limitations  of  the  curative  power 
of  protective  sera.  As  regards  antitoxines,  we  know  that  they  will  neutralise 
definite  quantities  of  toxines  when  simultaneously  injected.  If  the  toxine  is 
injected  before  the  antitoxine,  a  larger  quantity  of  the  latter  is  needed  to 
protect,  the  quantity  required  being  dependent  upon  the  length  of  time 
which  has  elapsed.  After  a  certain  period,  no  amount  of  antitoxiue,  how- 
ever large,  is  capable  of  saving  the  animal.  We  may  suppose  that  when 
the  toxines  have  once  become  fixed  to  the  cells,  the  latter  are  irrevocably 
injured,  and  the  abstraction  of  the  toxine  from  them  by  means  of  anti- 
toxine is  no  longer  of  avail.  If  this  view  is  correct,  it  is  obvious  that  there 
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will  always  be  a  stage  in  the  disease  at  which  the  therapeutic  effect  of 
antitoxine  is  unavailable. 

Another  aspect  which  we  must  consider  is  this — assuming  that  the 
antitoxine  acts  by  combining  chemically  with  the  toxine,  it  is  clear  that 
the  resulting  compound  is  only  inert  to  animals  whose  tissues  possess  an 
equal  or  a  less  affinity  than  the  antitoxine  for  the  toxine.  The  compound 
would  still  be  toxic  for  animals  whose  tissues  possess  a  greater  affinity 
than  the  antitoxine  for  the  toxiue.  From  these  considerations  it  follows 
that  an  antitoxine  which  will  protect  one  species  of  animal  will  not  neces- 
sarily protect  another.  We  think  that  the  ultimate  value  of  an  anti- 
toxine in  the  cure  of  disease  in  the  human  subject  must  be  determined 
clinically,  and  that  it  is  quite  possible  that  antitoxines  prepared  from 
different  species  of  animals  may  possess  different  therapeutic  values. 

With  regard  to  antibacterial  substances  less  is  known,  but  it  has  been 
shown  that  much  larger  doses  are  required  to  protect  an  animal  when 
injected  subsequent  to,  than  when  injected  simultaneously  with  the  inocula- 
tion. After  a  certain  stage  in  the  disease  no  amount  of  serum  is  efficacious. 

Generally  speaking,  protective  sera  are  specific ;  that  is  to  say,  the 
serum  of  an  animal  immunised  against  any  bacterium  only  protects  against 
that  particular  bacterium.  The  specificity  is  not,  however,  absolute ;  for 
instance,  it  has  been  shown  by  Eoux  that  both  tetanus  serum  and  rabies 
serum  are  capable  of  protecting  an  animal  against  snake  venom. 

With  regard  to  the  chemical  nature  of  the  protective  substances  we 
know  very  little.  They  are  highly  complex  bodies,  which  up  to  the 
present  have  not  been  obtained  in  a  pure  state,  inasmuch  as  they  are 
easily  broken  up  during  the  process  of  separation. 

The  protective  substances  are  present  in  largest  quantities  in  the  blood, 
but  they  are  also  found  in  the  various  tissues,  and  in  some  of  the  secretions. 
Ehrlich  and  Wassermann  found  that  the  milk  of  animals  immunised  against 
tetanus  contained  from  a  fifteenth  to  a  thirtieth  of  the  amount  of  anti- 
toxine present  in  the  blood.  The  protective  substances  pass  through  the 
placenta  to  the  blood  of  the  fcetus. 
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DIPHTHERIA  ANTITOXINE. 

Diphtheria,  both  in  animals  and  in  the  human  subject,  is  a  toxic  form  of 
disease.  The  diphtheria  bacillus  is  mainly  localised  to  the  site  of  inocula- 
tion, where  it  elaborates  toxines  which  act  injuriously  upon  the  various 
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tissues,  to  which  they  are  carried  by  the  lymph  and  blood.  These 
toxines  are  also  formed  in  artificial  cultivations,  from  which  they  can 
be  obtained  by  filtering  off  the  bacilli.  The  injection  of  toxines  into 
susceptible  animals  produces  the  same  effect  as  inoculation  with  living 
cultivations.  The  injection  of  a  large  dose  into  the  subcutaneous  tissue  of 
guinea-pigs  causes  local  oedema,  and  death  in  from  twenty-four  hours  to 
four  days.  A  post-mortem  examination  generally  reveals,  in  addition  to 
an  O3dematous  swelling  at  the  site  of  injection,  congestion  or  actual 
haemorrhage  into  the  suprarenal  capsules,  and  fatty  degeneration  of  the 
viscera.  With  smaller  doses,  necrosis  occurs  at  the  site  of  inoculation, 
paralysis  of  the  limbs  frequently  ensues,  and  the  animal  either  recovers  or 
dies  at  the  end  of  seven  or  eight  days,  or  later. 

History. — On  4th  December  1890,  Behring  and  Kitasato  made  the 
important  announcement  that  they  had  succeeded,  by  means  of  the  blood 
serum  of  immunised  animals,  not  only  in  protecting  animals  against  diph- 
theria and  tetanus,  but  also  in  curing  them  when  previously  infected. 
This  statement  was  repeated  a  week  later  by  Behring  in  a  paper  in 
which  he  described  various  methods  of  immunising  animals  against 
diphtheria.  He  attributed  the  therapeutic  action  of  the  serum,  not  to  its 
effect  upon  the  bacilli,  but  to  its  power  of  destroying  the  toxine,  for  the 
bacilli  would  grow  in  the  serum  without  diminution  of  virulence.  In  a 
later  paper  by  Behring  and  Wernicke  a  more  extensive  research  upon  the 
same  subject  was  recorded.  They  succeeded  in  immunising  sheep  as  well 
as  rabbits  and  guinea-pigs,  and  were  thus  able  to  obtain  sufficient  serum 
for  a  large  series  of  experiments.  The  serum  was  proved  by  conclusive 
experiments  to  be  capable  of  curing  the  disease  in  animals  when  injected 
subsequent  to  inoculation.  Since  the  appearance  of  these  papers  a  large 
amount  of  valuable  work  has  been  done  by  a  number  of  observers,  of 
whom  we  may  especially  mention  Behring,  Aronson,  Ehrlich,  Eoux,  and 
Martin.  We  must  content  ourselves  by  giving  the  main  results  of  these 
researches,  without  discussing  the  share  taken  by  the  separate  workers  in 
developing  the  serum  therapy  of  diphtheria. 

Preparation. — The  antitoxic  serum  was  first  prepared  from  guinea- 
pigs  and  rabbits,  animals  which  are  difficult  to  immunise.  A  great 
advance  was  made  when  Behring  and  Wernicke  immunised  sheep,  Ebrlich 
goats,  Aronson,  Roux,  and  Martin  horses — animals  from  which  a  large 
quantity  of  serum  could  be  obtained.  Various  methods  of  immunisation 
were  at  first  adopted — the  injection  of  cultivations  attenuated  by  the 
addition  of  trichloride  of  iodine  or  sterilised  by  heat,  the  injection  of 
chemical  substances  into  the  site  of  infection,  and  the  administration  of 
toxines  by  the  mouth. 

Horses  are  now  invariably  used  for  the  preparation  of  serum.  The 
immunisation  is  carried  out  by  the  subcutaneous  injection  of  toxines 
obtained  by  filtering  broth  cultivations  through  a  porcelain  filter.  For 
the  first  injection  a  small  dose  is  administered, — about  1  c.c.  of  a  powerful 
toxine, — and  then  at  varying  intervals,  according  to  the  amount  of  reaction 
set  up,  larger  quantities  are  injected,  as  much  as  a  litre  being  used  before 
the  end  of  the  treatment.  The  reaction  caused  by  the  injections,  which 
are  usually  made  into  the  subcutaneous  tissue  of  the  shoulder,  consists  of 
local  oedema  accompanied  by  malaise,  loss  of  appetite,  and  a  few  degrees  of 
pyrexia.  In  a  day  or  two  the  oedema  subsides,  the  temperature  falls,  and 
the  animal  regains  its  usual  state  of  health.  Horses  vary  enormously  in 
susceptibility,  some  reacting  severely  to  a  small  dose,  and  others  bearing 
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with  impunity  a  large  dose.  Prom  time  to  time  the  animal  is  bled  to  a 
small  amount,  and  the  potency  of  the  serum  tested  by  experiment.  Behring 
showed  that  the  antitoxic  power  of  the  serum  fell  during  the  reaction,  but 
quickly  rose  to  a  higher  level  than  before.  The  amount  of  antitoxine  in  the 
blood  depends  to  some  extent  upon  the  amount  of  toxine  introduced,  but 
it  also  depends  to  a  great  extent  upon  the  idiosyncrasy  of  the  particular 
animal  used,  some  horses  yielding  antitoxiue  much  more  readily  than  others. 
It  is  thus  impossible  to  lay  down  definite  rules  for  the  best  method  of 
preparing  antitoxine ;  practical  experience  is  the  only  guide  in  determining 
how  frequently  the  injections  should  be  made,  the  amount  of  toxiue  to 
inject,  the  best  kind  of  horses  to  employ,  etc. 

After  from  four  to  six  months'  treatment,  the  serum  is  sufficiently 
powerful  for  use,  and  the  animal  is  then  bled,  7  to  12  litres  being  removed 
at  a  time.  The  bleeding  can  be  performed  without  throwing  the  animal 
and  without  the  administration  of  an  anaesthetic.  The  following  is  the 
method  usually  adopted : — The  horse  is  held  by  a  bridle,  and  the  skin  over 
the  side  of  the  neck  is  shaved  and  carefully  disinfected  with  an  antiseptic. 
A  sharp-pointed  canuula  is  then  thrust  into  the  external  jugular  vein,  which 
has  been  rendered  prominent  by  compressing  the  lower  end  with  the 
finger.  The  canuula  is  connected  by  means  of  an  indiarubber  tube  with 
a  glass  tube  passing  through  an  indiarubber  cork  into  a  large  flask.  The 
flask  is  also  provided  with  a  side  tube,  plugged  with  cotton-wool,  which 
allows  the  air  displaced  by  the  blood  to  escape.  The  flask,  trocar,  and 
tube  are  sterilised  by  means  of  steam  before  use.  When  sufficient  blood 
has  entered  the  flask,  a  fresh  one  is  substituted,  and  the  glass  tube  is  sealed 
in  the  flame.  If  the  operation  has  been  performed  with  sufficient  care,  the 
blood  will  remain  sterile  for  an  indefinite  period.  When  the  serum  has 
separated,  it  is  filtered  through  a  sterile  Berkefeld  filter  into  a  sterile 
flask ;  and  after  the  addition  of  an  antiseptic,  e.g.  0'3  per  cent,  carbolic 
acid,  it  is  transferred  to  sterile  bottles  holding  10  c.c.,  which  are  then 
plugged  with  sterilised  indiarubber  corks  and  sealed  with  paraffin.  The  filtra- 
tion and  addition  of  the  antiseptic  insure  the  perfect  sterility  of  the  serum. 

For  the  preparation  and  standardisation  of  antitoxine  a  powerful  toxine 
of  more  or  less  uniform  strength  should  be  employed.  A  number  of 
methods  have  been  adopted  from  time  to  time  in  order  to  obtain  a  power- 
ful toxine ;  Eoux,  for  instance,  aerated  the  cultivations  by  drawing  air  over 
the  surface;  Aronson  cultivated  in  thin  layers  of  broth;  Spronck  used 
broth  from  which  all  the  sugar  had  been  removed.  It,  however,  appears 
that  the  most  important  factor  is  to  select  a  suitable  strain  of  bacillus,  for 
it  is  found  that  certain  strains  produce  toxines  much  more  rapidly  and 
much  more  abundantly  than  do  others.  At  the  Jenner  Institute  of  Pre- 
ventive Medicine,  the  strain  now  employed  is  one  isolated  by  Park  and 
Williams,  and  which  goes  by  the  name  of  "  le  bacille  Americain."  This 
bacillus,  when  cultivated  for  seven  to  ten  days  in  flasks  holding  200  c.c.  of 
alkaline  broth,  yields  a  toxine  of  such  strength  that  ^^  c.c.  is  the  minimal 
fatal  dose  for  a  guinea-pig. 

Properties. — The  antidiphtherial  serum  protects  both  against  living 
cultivations  and  against  toxines.  It  consequently  contains  antitoxic  sub- 
stances ;  but  it  does  not  necessarily  contain  antibacterial  substances,  for  its 
protective  powers  against  living  cultivations  may  be  due  to  its  antitoxic 
power,  and  not  to  direct  action  upon  the  bacilli.  As  a  matter  of  fact,  the 
serum  exerts  no  influence  outside  the  body  upon  the  bacilli,  which  will 
grow  quite  well  in  it. 
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The  serum  protects  whether  injected  before  or  after  inoculation— it 
exerts  both  a  prophylactic  and  a  therapeutic  action.  Healthy  animals  are 
rendered  immune  to  diphtheria  by  the  previous  injection  of  antitoxiue, 
but  the  latter  is  ultimately  excreted  and  the  animal  again  becomes 
susceptible.  The  length  of  the  period  of  immunity  after  injection 
probably  varies  in  different  animals.  Bulloch,  in  experimenting  upon  a 
donkey,  found  that  when  injected  subcutaneously  the  whole  of  the  anti- 
toxine  rapidly  entered  the  blood.  The  maximum  quantity  was  present  at 
the  end  of  twenty-four  hours ;  there  was  then  a  rapid  decrease  until  the 
fourth  day;  and  from  this  time  onwards  the  antitoxine  suffered  a  pro- 
gressive but  slow  diminution,  being,  however,  present  in  minute  quantities 
at  the  end  of  a  hundred  days.  If  the  serum  is  injected  subsequent  to 
inoculation,  a  larger  quantity  is  required  to  protect  in  proportion  to  the 
length  of  time  intervening;  and  if  the  injection  is  delayed  beyond  a 
certain  period,  dependent  upon  the  severity  of  the  infection,  no  amount 
of  serum,  however  large,  is  sufficient  to  save  the  animal  from  death. 

The  therapeutic  action  of  the  serum  upon  experimental  diphtheria  was 
beautifully  illustrated  '  by  Roux  and  Martin,  who  prodticed  an  artificial 
diphtheria,  with  the  formation  of  typical  membrane,  by  inoculating  the 
mucous  membrane  of  the  vagina  of  guinea-pigs  with  living  cultivations, 
which  they  were  able  to  cure  by  subsequent  treatment  with  serum. 

Standardisation. — Toxines  are  always  used  instead  of  living  culti- 
vations for  standardisation.  The  method  of  standardising  the  serum  is 
based  upon  the  principle  of  determining  the  smallest  quantity  of  serum 
which  will  neutralise  a  definite  quantity  of  toxine.  The  unit  which  was 
formerly  employed  was  obtained  in  the  following  manner : — The  minimal 
fatal  dose  of  the  toxine  was  first  ascertained  by  injecting  a  series  of  guinea- 
pigs,  each  weighing  300  grins.,  with  measured  quantities  of  the  toxine,  and 
observing  the  smallest  quantity  which  sufficed  to  cause  death.  Another 
series  of  experiments  was  then  undertaken  in  order  to  determine  the 
smallest  quantity  of  antitoxine  which  would  neutralise  the  effects  of  a 
tenfold  fatal  dose  of  toxine.  With  this  object,  mixtures  consisting  of 
tenfold  fatal  doses  of  toxine  and  measured  quantities  of  antitoxine  were 
injected  into  the  subcutaneous  tissue  of  a  number  of  guinea-pigs,  each 
weighing  300  grms.  If  the  animal  remained  alive  and  no  swelling  formed 
at  the  site  of  inoculation,  it  was  assumed  that  the  toxine  was  neutralised. 
By  such  a  series  of  experiments  the  smallest  quantity  of  antitoxine  which 
would  neutralise  a  tenfold  fatal  dose  of  toxine  was  ascertained,  and  ten 
times  this  quantity  was  called  a  normal  unit.  For  example,  if  in  the  first 
series  of  experiments  T±v  c.c.  was  found  to  be  the  minimal  fatal  dose  of 
toxine,  then  ^  c.c.  was  mixed  with  varying  quantities  of  antitoxine,  and 
the  mixture  injected  into  a  number  of  guinea-pigs.  If  x  oW  c-c-  °^  anti- 
toxine  was  the  smallest  quantity  which  prevented  the  effects  of  the  toxine, 
then  ten  times  this  quantity,  i.e.  T^T  c.c.,  represented  one  normal  unit.  A 
tenth  part  of  a  unit,  then,  neutralises  ten  fatal  doses  of  toxine,  or,  what 
is  the  same  thing,  one  unit  neutralises  a  hundred  fatal  doses. 

When  the  same  serum  was  tested  by  the  above  method  with  different 
samples  of  toxine,  it  was  found  to  give  different  results.  For  a  long  time 
these  discordant  results  could  not  be  explained.  Ehiiich  has,  however, 
after  a  laborious  investigation,  been  able  to  afford  a  complete  explanation 
of  these  discrepancies,  and  has  devised  a  method  of  standardisation  which 
yields  uniform  results. 

In   the   first  place,  he  discovered  that  filtered  broth  cultivations,  or 
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toxiues,  as  they  are  usually  denominated,  contain,  in  addition  to  the  true 
toxines,  other  bodies  which  are  not  poisonous,  but  which  are  capable  of 
combining  with  antitoxines. 

Secondly,  he  found  that  in  a  filtered  broth  cultivation  which  had 
been  kept  for  some  time,  these  bodies,  which  he  called  toxoids  and  toxones, 
increased  at  the  expense  of  the  true  toxines,  and  that  they  were  derived 
from  a  splitting-up  of  the  latter. 

He  arrived  at  these  conclusions  in  the  following  manner.  He  •  took  a 
filtered  broth  cultivation  and  estimated  by  the  usual  method  the  minimal 
fatal  dose,  which  he  designated  T.  Now  one  unit  of  antitoxine,  which  we 
will  designate  I,  is  supposed  to  exactly  neutralise  100  fatal  doses  of  toxine 
(100  T).  This  amount  of  toxine  we  will  designate  Lo.  Consequently  Lo, 
when  mixed  with  I,  would  form  a  mixture  which  produces  neither  oedema 
nor  other  ill  effects  when  injected  into  the  subcutaneous  tissue  of  a  guinea- 
pig.  I  +  Lo  represents  an  inert  mixture  containing  neither  free  antitoxine 
nor  free  toxine.  Ehrlich  took  such  a  mixture  and  ascertained  by  experi- 
ment the  amount  of  toxine  which,  when  added  to  it,  was  just  sufficient  to 
cause  death  after  injection  into  a  guinea-pig.  This  quantity  of  toxine  he 
called  1),  which  we  should  theoretically  expect  to  correspond  to  T,  the 
minimal  fatal  dose.  The  whole  of  the  toxine  in  the  mixture  he  called  L+. 
An  example  will  make  the  matter  clearer : — The  minimal  fatal  dose  (T)  of 
a  toxine  was  found  to  be  O'Ol  c.c.  Therefore  1  c.c.  contains  100  T  (Lo), 
and  theoretically  we  ought  to  have  the  following: — 

T  =        0-01  c.c. 
L+    -  1-01  c.c.  =    101  T. 
Lo     =  1-00  c.c.  =    100T. 

Difference,  I)  =  O'Ol  c.c.  =        IT. 

But  by  experiment  it  was  found  that  in  order  to  cause  death  it  was 
necessary  to  add,  not  O'Ol  c.c.,  i.e.  one  minimal  fatal  dose,  to  the  neutral 
mixture  (I  +  Lo),  but  I'Ol  c.c.,  i.e.  101  fatal  doses. 
We  thus  get — 

T  =       0-01  c.c. 
L+   =  2-01  c.c.  -    201  T. 
Lo     =  1-00  c.c.  =    100  T. 

Difference,  D  =  I'Ol  c.c.  =    101  T. 

Ehrlich  explained  this  by  supposing  that  the  filtered  broth  cultivation 
contained  an  equal  quantity  of  toxine  and  non-poisonous  toxone.  In  the 
neutral  mixture  one-half  of  the  unit  of  the  antitoxine  was  combined  with 
one  hundred  fatal  doses  of  toxiue,  and  the  other  half  with  an  equivalent 
quantity  of  toxone.  The  toxone  possessed  a  less  affinity  than  the  toxine 
for  antitoxine.  Consequently,  when  fresh  toxine  was  added  to  the 
mixture,  it  united  with  the  antitoxine  previously  united  with  the  toxoue  ; 
and  it  was  not  until  101  fatal  doses  of  toxine  were  added  that  a  single 
fatal  dose  of  toxine  was  free  in  the  mixture.  The  neutral  mixture 
=  100  antitoxine-toxine -|- 100  antitoxine-toxoiie.  On  adding  101  fatal 
doses  of  toxine  containing  an  equivalent  quantity  of  toxone,  we  get  in  the 
mixture  100  antitoxine-toxine  +  100  antitoxine-toxine  -j-  100  toxone 
(liberated)  +  101  toxone  (added)  +  1  toxine  free.  It  follows  from  this 
view  that  the  unit  of  antitoxine,  instead  of  representing  the  quantity  of 
antitoxine  which  neutralises  100  fatal  doses  of  toxine,  really  neutralises 
200  fatal  doses,  as  it  neutralises  100  fatal  doses  of  toxine  plus  an  equivalent 
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quantity  of  toxone.  We  must  therefore  consider  that  the  unit  of  antitoxine 
is  tlic,  quantity  of  antitoxine  which  completely  neutralises  200  fatal  doses  of 
toxine  or  their  equivalent. 

Ehrlich  also  found  that  one  unit  of  antitoxine  neutralised  exactly  the 
same  quantity  of  filtered  cultivation  whether  the  latter  was  fresh  or  old, 
although  the  old  cultivation  contained  fewer  fatal  doses  of  toxine.  From 
this  he  inferred  that  the  toxine  was  split  up  into  toxones  having  the  same 
neutralising  power  as  the  toxines. 

By  a  series  of  calculations  based  upon  a  very  large  number  of  experi- 
ments, he  was  able  to  determine  exactly  how  much  toxine  and  how  much 
toxone  was  present  in  any  filtered  cultivation.  He  was  also  able  to 
demonstrate  the  presence,  and  to  estimate  the  amount  of,  two  other  bodies, 
which  he  called  toxoids,  and  which  possessed  one  an  equal,  and  the  other  a 
greater,  affinity  than  the  toxine  for  antitoxine.  He  has  shown  that  it  is 
possible  to  standardise  antitoxine  with  a  filtered  cultivation  whose  com- 
position was  unknown.  However,  such  a  determination  would  involve  a 
larger  series  of  experiments  and  a  careful  calculation.  Fortunately  a  much 
simpler  method  is  available.  The  method  is  as  follows  : — In  the  Govern- 
ment Testing  Department  in  Berlin,  dried  antitoxic  serum  containing  1700 
units  per  gramme  is  preserved  in  sealed  bottles.  This  standardised  anti- 
toxine  is  supplied  to  the  various  laboratories,  and  the  potency  of  any  serum 
can  be  ascertained  by  experimentally  comparing  the  two.  For  this  purpose 
two  series  of  experiments  are  necessary. 

In  the  first  series,  a  unit  of  the  standard  antitoxine  is  mixed  with 
measured  quantities  of  the  toxine.  and  the  mixture  injected  into  the  sub- 
cutaneous tissue  of  guinea-pigs,  each  weighing  300  grms.  In  this  way  is 
ascertained  the  largest  quantity  of  toxine  which  can  be  neutralised  by  a 
unit  of  the  standard  antitoxine.  (The  criterion  of  neutralisation  is  the 
survival  of  the  animal  for  four  days,  the  absence  of  oedema  at  the  site  of  in- 
oculation not  being  reliable.)  Such  a  quantity  is  taken  to  be  the  test  dose 
of  the  toxine.  With  the  test  dose  of  toxine  thus  determined,  another  series 
of  experiments  is  performed.  Varying  quantities  of  the  serum  whose 
potency  we  are  testing  are  mixed  with  the  test  dose,  and  the  mixture  in- 
jected into  guinea-pigs.  The  smallest  quantity  of  serum  which  neutralises 
this  test  dose  contains  one  unit  of  antitoxine,  for  it  possesses  the  same 
neutralising  effect  as  a  unit  of  the  standard  antitoxine.  Should  the  standard 
unit  be  at  any  time  lost,  it  can  be  regained  by  a  complicated  series  of  ex- 
periments, as  already  explained. 

Strength. — The  serum  varies  in  strength  from  200  to  2500  units  per 
cubic  centimetre ;  that  which  is  now  sent  out  by  the  Jenner  Institute  of 
Preventive  Medicine  contains  500  normal  units  in  the  cubic  centimetre. 

Preservation. — The  antitoxic  properties  of  the  serum  gradually  dis- 
appear. I  am  informed  by  Dean  of  the  Jenner  Institute  that  the  serum 
supplied  by  them,  when  kept  for  as  long  as  six  months  in  a  cool  and 
dark  room,  does  not  undergo  any  appreciable  change  in  its  therapeutic 
properties.  Dried  serum  retains  its  antitoxic  properties  much  longer  than 
liquid  serum.  It  is  the  best  form  for  sending  abroad ;  but  we  cannot 
recommend  its  common  use  in  England,  for  there  is  a  slight  risk  of  con- 
tamination occurring  during  the  process  of  solution. 

Therapeutics. — In  Germany,  in  the  year  1891,  cases  of  diphtheria 
were  treated  with  antitoxine  in  v.  Bergmann's  clinic.  In  1892,  cases 
were  treated  by  Henoch ;  and  in  March  1894,  Heubner  reported  upon 
cases  at  the  Eleventh  International  Congress,  held  at  Rome.  The  serum 
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used  at  this  time  was  not  very  strong,  and  the  results  did  not  afford 
convincing  proof  of  the  value  of  the  treatment;  but  in  April  1894, 
Ehrlich,  Kossel,  and  Wassermann  gave  a  preliminary  account  of  the  treat- 
ment of  220  cases  in  the  Berlin  hospitals  with  more  powerful  serum 
obtained  from  goats  by  Ehrlich.  Kossel  supplemented  this  account  in 
July  of  the  same  year  by  a  more  detailed  description  of  233  cases,  in  which 
the  value  of  autitoxine  in  the  treatment  of  diphtheria  was  first  definitely 
shown.  The  total  mortality  was  23  per  cent.,  and  that  of  seventy-two  cases 
of  tracheotomy  43  per  cent.  In  June  1894,  Katz  reported  128  cases 
treated  in  Baginsky's  clinic.  The  serum  used  was  obtained  by  Aronson 
from  horses ;  the  mortality  fell  from  37  per  cent,  in  the  corresponding 
month  of  the  preceding  year  to  16 '5  per  cent.  Since  this  paper  a  large 
number  of  statistics  have  been  published  in  Germany  proving  the  value  of 
the  treatment. 

In  France  the  credit  of  the  introduction  and  establishment  of  the  value 
of  antitoxine  must  be  given  to  Eoux.  In  conjunction  with  Martin,  he 
published,  in  September  1894,  a  most  valuable  paper  upon  diphtheria  serum 
which  they  had  manufactured  from  horses.  In  a  further  paper,  published 
at  the  same  time,  Eoux,  in  conjunction  with  Martin  and  Chaillou,  described 
the  treatment  of  300  cases  of  diphtheria  with  serum.  The  mortality  fell 
from  a  previous  average  of  51 '71  per  cent,  to  24'5  per  cent.,  while  the 
mortality  of  cases  tracheotomised  was  40  per  cent.,  the  previous  mortality 
being  67  per  cent. 

In  America,  A.  Campbell  White  described,  on  Nov.  17,  1894,  a  series 
of  twenty  cases  treated  with  Aronson's  antitoxine  with  encouraging  results, 
these  being  the  first  cases  treated  in  that  country. 

In  England,  the  efficacy  of  the  treatment  was  first  shown  at  a  meeting 
of  the  Clinical  Society  on  14th  Dec.  1894.  At  this  meeting  a  paper  was 
read  by  Washbourn,  Goodall,  and  Card  upon  a  series  of  eighty-two  cases 
treated  with  antitoxine  prepared  at  the  Jenner  Institute  of  Preventive 
Medicine  by  Armand  Buffer,  who  was  the  first  to  prepare  antitoxine 
in  this  country.  The  cases  in  this  paper  were  a  consecutive  series  of 
children  under  15  years  of  age  at  the  Eastern  Hospital.  They  were  all 
subjected  to  a  careful  bacteriological  examination,  and  on  account  of  the 
absence  of  diphtheria  bacilli  ten  were  excluded  from  the  statistics.  The 
mortality  of  the  remaining  seventy-two  cases  was  19 '4  per  cent.,  while  the 
mortality  of  a  consecutive  series  of  seventy-two  cases  immediately  preced- 
ing those  treated  was  38'8  per  cent. ;  the  mortality  of  400  preceding  cases 
in  the  same  year  was  36  per  cent.,  and  the  mortality  of  397  cases  in  the 
previous  year  was  41 '8  per  cent.  A  very  remarkable  reduction  in  the 
mortality  of  the  cases  treated  with  antitoxine  was  thus  proved.  Apart 
from  the  statistical  evidence,  the  authors  were  convinced  of  the  value  of  the 
treatment  from  clinical  observations  upon  the  effects  of  the  remedy,  such  as 
the  rapid  disappearance  of  exudation  and  the  improvement  in  the  general 
condition  of  the  patient.  They  noticed  that  better  effects  were  produced 
by  one  of  two  batches  of  serum  employed,  which  batch  was  subsequently 
reported  by  Ruffer  to  possess  experimentally  higher  antitoxic  properties. 
In  the  discussion  which  ensued  upon  this  paper,  Herringham  referred 
to  a  series  of  eighteen  cases,  MacCombie  to  a  series  of  thirty-one  cases, 
and  Caiger  to  a  series  of  thirty  cases,  treated  with  antitoxine,  the  result 
in  each  series  being  satisfactory.  (Vide  Brit.  Med.  Journ.,  London,  Dec.  29, 
1894.) 

Statistical  evidence  of  value  of  antitoxine. — Since  the  publication  of 
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these  earlier  papers  a  vast  mass  of  evidence  from  all  parts  of  the 

has  accumulated,  proving  the  value  of  the  treatment.     We  shall  here  only 

refer  to  evidence  derived  from  this  country. 

A  special  report  was  issued  by  the  Medical  Superintendents  of  the 
Metropolitan  Asylums  Board  Hospitals  upon  the  treatment  of  diphtheria  by 
antitoxins  at  these  hospitals  during  the  year  1895.  The  report,  which  was 
signed  by  W.  Gayton,  John  MacCombie,  li.  M.  Bruce,  F.  Foord  Caiger,  E. 
W.  Goodall,  and  0.  E.  Matthews,  stated  that  the  following  conclusions 
were  arrived  at  as  the  result  of  the  treatment : — (1)  A  great  reduction  in 
the  mortality  of  cases  brought  under  treatment  on  the  first  and  second  day 
of  the  disease.  (2)  The  lowering  of  the  combined  mortality  to  a  point 
below  that  of  any  former  year.  (3)  The  still  more  remarkable  reduction  in 
the  mortality  of  the  laryngeal  cases.  (4)  The  uniform  improvement  in  the 
results  of  the  tracheotomy  at  each  separate  hospital.  (5)  The  beneficial 
effects  produced  on  the  clinical  course  of  the  disease. 

A  committee  was  appointed  by  the  Clinical  Society  at  the  beginning  of 
1895  for  the  purpose  of  investigating  the  clinical  value  of  the  antitoxins 
of  diphtheria.  The  committee  issued  their  report  in  1898.  The  material, 
consisting  of  832  cases  derived  from  the  General  Hospitals  and  Hospitals 
for  Children  in  London,  and  from  the  Eastern  Fever  Hospital,  was  carefully 
analysed  and  compared  with  cases  not  treated.  As  a  result  of  the  treatment, 
the  following  among  other  conclusions  were  reached : — (1)  The  general 
mortality  is  reduced  by  one-third.  (2)  The  mortality  in  tracheotomy  falls 
by  one-half.  (3)  Extension  of  the  membrane  to  the  larynx  very  rarely  occurs 
after  the  administration  of  antitoxine.  (4)  The  duration  of  life  in  fatal 
cases  is  decidedly  prolonged.  (5)  The  number  of  fatal  cases  is  less  when 
antitoxine  is  used  early  in  the  disease  than  in  those  which  do  not  receive  it 
until  a  later  period. 

It  is  impossible  to  consider  all  the  statistical  evidence  of  the  value  of 
antitoxine.  Our  readers  are  referred  to  the  reports  of  the  Metropolitan 
Asylums  Board,  which  are  of  especial  value  from  including  statistics  of  the 
mortality  of  diphtheria  for  many  years  previous  to  the  introduction  of  anti- 
toxine ;  and  to  the  discussion  upon  antitoxine  at  the  Hunterian  Society, 
which  was  opened  by  E.  W.  Goodall. 

The  proof  rests  mainly  upon  evidence  such  as  the  following : — 

(1)  As  the  appended  table  shows,  the  case  mortality  in  London  has 
diminished  since  the  introduction  of  antitoxine,  and  this  diminution  is  most 
marked  in  the  fever  hospitals  where  autitoxine  is  most  used. 

Case  Mortality  of  Diphtheria  in  London. 


1892. 

1893. 

1894. 

ANTITOXINE. 

1895. 

1896. 

1897. 

Mortality  per  cent,  of  all  notified  cases 

23-8 

24-5 

24'7 

21-2 

19-9 

17-4 

Mortality  per  cent,  of  notified  cases  ad- 
mitted into  Metropolitan  Asylums  Board 
Hospitals  ...... 

24-8 

27-1 

25 

18-3 

17-7 

14-9 

Mortality  per  cent,  of  notified  cases  not 
admitted  . 

21-5 

237 

24'5 

23-3 

21-3 

20-1 

Percentage  of  notified  cases  admitted 

30-1 

24-5 

38-8 

41-5 

39-9 

51-4 
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(2)  The  case  mortality  at  the  Metropolitan  Asylums  Board  Hospitals 
has  considerably  diminished  since  the  introduction  of  antitoxine. 

Case  Mortality  of  Diphtheria  in  the  Hospitals  of  the 
Metropolitan  Asylums  Board. 


1892. 

1893. 

1894. 

ANTITOXINS. 

1895. 

1896. 

1897. 

29-5 

30-4 

29-2 

22-8 

21-2 

17-6 

This  reduction  in  mortality  is  not  due  to  any  alteration  in  the  age  of 
the  patients  treated,  for  the  mortality  in  children  under  five  years  of  age, 
among  whom  the  disease  is  most  fatal,  has  shown  the  greatest  diminution. 


Case  Mortality  of  Diphtheria  in  Children  under  Five 
Years  of  Age  at  the  Hospitals  of  the  Metropolitan 
Asylums  Board. 


1892. 

1893. 

1894. 

ANTITOXINE. 

1895. 

1896. 

1897. 

51-5 

53-3 

43-9 

33-5 

30-3 

24-9 

It  has  been  suggested  that  the  diminution  in  mortality  is  due  to  the 
inclusion  in  the  statistics  of  a  large  number  of  mild  cases  which  would  not 
have  been  recognised  as  diphtheria  in  former  years,  before  a  bacteriological 
diagnosis  was  introduced.  Goodall  has  pointed  out  that  this  objection 
certainly  does  not  apply  to  children  under  live  years  of  age. 

(3)  In  cases  of  tracheotomy  for  diphtheria,  where  the  diagnosis  rests 
upon  clinical  and  not  upon  bacteriological  evidence,  the  diminution  of  mor- 
tality is  especially  marked. 


Case  Mortality  of  Tracheotomy  for  Diphtheria  at  the 
Hospitals  of  the  Asylums  Board. 


ANTITOXINE. 

• 

1894. 

1895. 

1896. 

Cases 

261 

255 

212 

Deaths    . 

184 

125 

87 

Mortality  per  cent.  . 

70-4 

49-4 

41-0 

A  few  cases  in  1894  were  treated  with  antitoxine,  and  some 
cases  in  1895  and  in  1896  were  not  treated.  All  are  included  in 
the  table. 
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Cases  of  Tracheotomy  for  Diphtheria  in  Children  under  Five   Years 
of  Age  at  Guy's  Hospital. 


NON-ANTITOXINE. 

Date. 

Cases. 

Deaths. 

Mortality  per  Cent. 

1887     .         .        .      ". 

20 

16 

80 

1888     .... 

14 

8 

57-1 

1889     .... 

16 

15 

93-7 

1890     .... 

18 

14 

77  '7 

1891     .... 

15 

9 

60 

1892     .... 

22 

19 

86-3 

1893     .         .         .         . 

22 

15 

68-1 

1894     .         .      •   , 

19 

16 

84  '2 

Total        .         .         . 

146 

112 

767 

ANTITOXINE. 

1895     .... 

10 

2 

20 

1896    .... 

21 

8 

38-09 

1897     .... 

8 

1 

12-5 

Total 

39 

11 

28-2 

Note. — In  1894  two  cases  were  treated  with  antitoxine  ;  both  recovered.  In 
1895  one  case,  which  was  complicated  with  measles,  was  not  treated  with  anti- 
toxine, and  died.  In  1896  one  case  was  not  treated  with  antitoxine,  and  died. 
In  1897  one  case  was  not  treated  with  antitoxine,  and  died.  None  of  these  cases 
are  included  in  the  table. 

(4)  The  membrane  does  not  spread  from  the  fauces  to  the  larynx  so 
frequently  since  the  introduction  of  antitoxine. 

Table  showing  Frequency  of  Development  of  Laryngeal  Symptoms 
in  Diphtheria  Cases  subsequent  to  Admission  into  the  Hos- 
pitals of  the  Metropolitan  Asylums  Board. 


1894. 

ANTITOXINE. 

1895. 

1896. 

Cases         .... 

3042 

2965 

3300 

Number  of  cases  in  whom 
laryngeal  symptoms 
supervened  . 

116 

18 

16 

Percentage 

3-8 

0-6 

0-48 

In  1895,  61 '8  per  cent.,  and  in  1896,  66 '6  per  cent.,  of  the  cases  were 
treated  with  antitoxine. 
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Effects  of  treatment. — The  statistical  evidence  of  the  value  of  anti- 
toxine  is  supported  by  the  opinion,  based  upon  clinical  observation,  of  all 
those  who  have  had  a  large  experience  in  the  treatment  of  diphtheria. 
The  following  are  the  effects  following  upon  treatment  with  antitoxine : — 

(1)  The  exudation  ceases  spreading  and  clears  oft'  much  more  rapidly 
than  it  does  under  any  other  treatment.  We  have  already  given  statist- 
ical proofs  of  the  rarity  of  the  spread  of  the  exudation  from  the  fauces  to 
the  larynx  after  the  administration  of  antitoxine.  (2)  A  rapid  subsidence 
of  swollen  cervical  glands  occurs.  (3)  The  general  condition  of  the 
patient  quickly  improves,  the  pulse  becomes  stronger  and  slower,  and  the 
temperature,  if  raised,  quickly  falls.  (4)  In  laryngeal  cases,  broncho- 
pneumonia  and  extension  of  the  exudation  to  the  bronchi  are  of  less 
frequent  occurrence. 

The  effects  of  antitoxine  upon  the  occurrence  of  paralysis  and  of 
albuminuria  require  special  consideration.  There  is  no  donbt  that  the 
incidence  of  paralysis  in  diphtheria  has  increased  since  the  introduction  of 
antitoxine.  This  appears  to  be  due  to  the  fact  that  many  cases  which 
recover,  and  subsequently  develop  paralysis,  would  without  antitoxine  have 
died  before  the  supervention  of  paralysis.  Goodall  has  shown  (loc.  cit.) 
that  the  proportion  of  fatal  cases  of  paralysis  has  not  altered.  Of  every 
100  cases  of  diphtheria  treated  with  antitoxine,  I'l  die  of  paralysis,  and  of 
every  100  cases  not  treated,  1/2  die  of  paralysis.  He  has  also  shown  that 
in  cases  treated  with  antitoxine,  the  earlier  the  patient  is  admitted  into  the 
hospital,  and  consequently  the  earlier  the  treatment  is  commenced,  the  less 
the  incidence  of  paralysis ;  while  in  non-antitoxiiie  cases  the  incidence  of 
paralysis  is  not  dependent  upon  the  day  of  disease  on  which  he  is  admitted. 
It  would  thus  appear  that  antitoxine  has  no  influence  one  way  or  the 
other  upon  the  supervention  of  paralysis.  The  explanation  is  not  easy,  but 
we  would  offer  the  following  suggestion.  Most  of  the  tissues  are  shielded 
by  antitoxine  from  the  diphtheria  toxine,  because  the  antitoxine  possesses 
a  greater  affinity  than  the  tissues  for  the  toxine.  The  nervous  tissues,  on 
the  other  hand,  possess  as  great,  or  a  greater,  affinity  than  the  antitoxine  for 
the  toxine,  and  are  consequently  not  protected  by  the  antitoxine.  If  this 
explanation  be  true,  it  is  possible  that  some  substance  may  yet  be  found 
which  will  protect  against  paralysis. 

The  effect  of  antitoxine  upon  the  incidence  of  albuminuria  is  of  con- 
siderable interest,  because  it  has  been  stated  that  antitoxine  can  cause 
nephritis.  The  statistics  of  the  Metropolitan  Asylums  Board  are  of  little 
value  in  respect  to  the  incidence  of  albuminuria,  for  the  urine  does  not 
appear  to  have  been  systematically  examined  before  antitoxine  was  used. 
The  consensus  of  opinion  of  experienced  observers  is  that  antitoxine  has 
no  injurious  effect  upon  the  kidneys.  Goodall,  in  an  appendix  to  the 
report  of  the  Clinical  Society,  recorded  cases  of  diphtheria,  complicated 
with  nephritis,  in  which  the  administration  of  antitoxine  exerted  no  injuri- 
ous influence  upon  the  nephritis. 

Some  cases  of  diphtheria  are  complicated  by  the  invasion  of  the  tissues 
by  other  bacteria  in  addition  to  the  diphtheria  bacillus.  The  most  import- 
ant of  these  associated  bacteria  is  the  Streptococcus  pyogenes.  Eoux  and 
his  collaborators  stated  that  diphtheria  might  be  divided  into  pure 
diphtheria  and  associated  diphtheria  by  means  of  a  simple  bacterio- 
logical examination  of  the  throat,  and  that  the  latter  class  was  not  influ- 
enced to  the  same  extent  as  the  former  by  antitoxine.  No  doubt  antitoxine 
will  not  annul  the  effects  of  these  secondary  invasions.  Nevertheless,  it 
5° 
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has  been  shown  by  Goodall,  Card,  and  the  writer,  that  a  bacteriological 
examination  of  the  exudation  gives  us  no  real  indication  of  the  occurrence 
of  such  invasions,  so  that  Itoux's  classification  is  valueless. 

All  observers  are  agreed  that  antitoxine  is  more  efficacious  when  used 
early  in  the  disease.  This  is  well  shown  by  the  stati.stics  of  the  Metro- 
politan Asylums  Board,  and  by  the  report  of  the  Clinical  Society. 


Percentage  of  Mortality  in  relation  to  Day  of  Disease 
on  ichich  Cases  came  under  Treatment  at  the  Metro- 
politan Asylums  Board  Hospitals. 


Antitoxine. 

Ti    v  /\f  TV    o    an 

TVff 

1895. 

First       .      >f    .  '.' 

22-5 

11-7 

10-8 

Second    .      '  '  .     •    w  ' 

27-0 

12-5 

14-5 

Third      .      ,,..,„,. 

29-4 

22-0 

7-4 

Fourth    .      •   .        I 

31-6 

25-1 

6-5 

Fifth  and  over 

30-8 

27-1 

3-7 

Total        i,i,|  .,., 

29-6 

22-5 

7-1 

Table  E  from  Clinical  Society's  Report. 


Antitoxine  Committee,  633  Cases. 
Metropolitan  Asylums  Board,  3042  Cases. 

Mortality  with 
Antitoxine. 

Mortality  without 
Antitoxine. 

Difference  in 
Percentage 
Mortalities. 

All  cases  treated  within  first  two  days 
of  disease        .         .         . 

10-7 

26-2 

15-5 

All   cases   treated   within   first   three 
days  of  disease        .... 

13-0 

27-7 

14-7 

All   cases  treated    within    first  four 
days  of  disease        .         .                ,  , 

15-4 

28-9 

13-5 

All  cases  treated         .         .         .       '  . 

19-5 

29-6 

10-1 

Administration.  — Escherich  has  shown  that  antitoxine  is  useless  when 
administered  through  the  alimentary  canal.  He  injected  autitoxine  into 
the  subcutaneous  tissue  of  a  healthy  child,  and  shortly  afterwards  with- 
drew blood  from  a  vein.  The  serum,  when  tested  upon  guinea-pigs,  was 
found  to  possess  distinct  antitoxic  properties.  When  the  antitoxine  was 
taken  by  the  mouth,  or  administered  in  keratin  capsules,  or  injected  into 
the  rectum,  the  serum  was  found  to  possess  no  antitoxic  properties.  He 
believed  that  the  antitoxine  was  destroyed  by  the  liver,  for  he  found  that 
it  did  not  get  into  the  general  circulation  of  a  dog  when  injected  into  the 
walls  of  the  intestine  between  the  folds  of  the  mesentery,  while  it  appeared 
in  the  blood  when  injected  subcutaneously.  Consequently  autitoxiiie  is 
always  administered  by  subcutaneous  injection.  The  injection  is  made 
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into  the  subcutaneous  tissue  of  the  trunk,  the  Hank  being  the  spot  usually 
sleeted.  The  skin  over  the  part  and  the  hands  of  the  operator  are 
refully  washed  with  soap  and  water,  and  rendered  aseptic  with  carbolic 
lotion  1  in  20,  lysol  2  per  cent.,  or  any  other  good  antiseptic.  The  syringe 
Employed  should  be  capable  of  holding  20  c.c.,  and  should  be  so  con- 
structed that  it  can  be  sterilised  by  boiling  without  damage.  For  children 
it  is  well  to  connect  the  needle  with  the  syringe  by  means  of  a  short 
indiarubber  tube,  so  as  to  avoid  any  possibility  of  injury  if  the  child 
should  start  during  the  injection.  The  syringe,  needle,  and  tube  are  boiled 
immediately  before  use,  and  are  laid  to  cool  upon  a  clean  towel  wrung 
out  with  some  antiseptic.  The  cork  of  the  bottle  containing  the  anti- 
toxine  is  singed  in  order  to  sterilise  the  outer  surface,  and  is  then  with- 
drawn by  means  of  a  pair  of  forceps  previously  sterilised  in  the  flame. 
The  syringe  is  carefully  filled,  and  the  antitoxine  slowly  injected.  The 
small  puncture  made  by  the  needle  is  sealed  with  a  pledget  of  antiseptic 
gauze  soaked  in  collodion.  It  is  well  to  use  a  fresh  bottle  of  antitoxine 
for  each  injection. 

Dose. — It  is  impossible  to  give  precise  instructions  as  to  the  amount 
of  antitoxine  required  to  neutralise  the  toxine  elaborated,  as  this  amount 
must  vary  in  each  case.  We  shall  have  to  be  content  with  generalisations. 
Less  antitoxine  is  necessary  for  a  mild  than  for  a  severe  case,  and  less  for 
a  case  treated  early  than  for  one  treated  late.  We  have  already  laid  stress 
upon  the  importance  of  commencing  the  treatment  as  soon  as  the  diagnosis 
las  been  established.  Apparently  the  same  dose  is  required  for  a  child  as 
for  an  adult. 

In  cases  of  moderate  severity,  a  dose  of  5000  units  (10  c.c.  of  serum 
containing  500  units  per  c.c.)  should  be  given  at  once,  and  the  injection 
should  be  repeated  two  or  three  times  at  intervals  of  twelve  hours,  accord- 
ing to  the  progress  of  the  case.  In  severe  cases,  or  in  cases  treated  late  in 
the  disease,  the  dose  should  be  8000  to  10,000  units,  which  should  be 
repeated  at  the  same  intervals  as  in  the  cases  of  moderate  severity.  If 
no  improvement  arises  after  two  or  three  days'  treatment,  further  in- 
jections appear  to  be  useless. 

With  few  exceptions,  all  cases  of  diphtheria  should  be  treated  with 
antitoxiue.  Exceptionally  mild  cases  may  not  require  antitoxine,  but  con- 
siderable experience  is  necessary  before  deciding  that  a  mild  case  will  not 
subsequently  become  severe.  It  is  questionable  whether  it  is  advisable  to 
give  antitoxine  to  cases  with  symptoms  of  cardiac  failure,  seen  for  the 
first  time  at  a  late  stage  of  the  disease.  In  cases  of  this  nature,  the  writer 
has  had  reason  for  believing  that  harm  rather  than  good  has  accrued  from 
the  treatment. 

Antitoxine  as  a  prophylactic.  —  Antitoxine,  after  injection  into 
healthy  animals,  gradually  disappears  from  the  blood.  In  the  human 
subject  Pansini  was  unable  to  demonstrate  any  antitoxine  in  the  serum 
eleven  or  twelve  days  after  a  preventive  inoculation  of  200  units,  but 
Behring  found  antitoxine  in  the  blood  of  children  three  or  four  weeks 
after  a  dose  'of  250  units. 

We  possess  clinical,  in  addition  to  experimental,  evidence  of  the  value 
of  antitoxine  as  a  prophylactic.  Slawyk  reports  that  during  the  years 
1896  and  1897  all  the  children  in  the  Kinderklinik  des  Charite  Kranken- 
hauses  in  Berlin  were  treated  every  three  weeks  with  prophylactic  injec- 
tions of  antitoxine  in  doses  of  200  units.  During  this  period  no  cases  of 
diphtheria  occurred,  although  the  disease  had  been  of  frequent  occurrence 
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in  previous  years.  In  the  latter  part  of  1897  the  injections  were  discon- 
tinued, and  shortly  afterwards  four  cases  of  diphtheria  arose.  Slawyk 
stated  that  with  doses  of  200  units,  rashes  and  other  after-effects  produced 
by  serum  were  seldom  observed.  Kiether  records  the  immunisation  of 
1450  sucklings  with  doses  of  100  units  of  Paltaufs  serum.  Only  two  of 
these  children  developed  diphtheria,  and  in  both  these  cases  the  injection 
had  been  administered  seven  weeks  previously.  He  considers  that  the 
protection  lasts  for  five  to  six  weeks  after  the  injection. 

From  the  above  it  would  seem  that  a  dose  of  200  units  may  be  con- 
sidered to  protect  for  at  least  three  weeks,  and  that  such  a  dose  is  not 
likely  to  be  followed  by  troublesome  after-effects.  How  far  prophylactic 
injections  should  be  resorted  to  must  depend  upon  the  amount  of  exposure 
and  consequent  risk  of  infection.  It  must  also  be  taken  into  account  that 
the  disease  can  be  recognised  at  an  early  stage  by  a  bacteriological  examina- 
tion, and  that  the  treatment  with  antitoxine  is  especially  efficacious  in  the 
early  stages. 

Ill  effects. — The  serum  of  one  animal,  as  Salter  has  shown,  exercises 
a  toxic  effect  upon  animals  of  different  species.  For  example,  when  the 
serum  of  the  horse  is  slowly  injected  into  the  marginal  auricular  vein  of  a 
rabbit,  death  ensues  when  the  quantity  injected  reaches  33  c.c.  per  kilo. 
Some  sera  are  more  toxic  than  others,  that  of  the  bullock  killing  a  rabbit 
in  doses  of  6  c.c.  per  kilo. 

When  smaller  quantities  of  serum  are  injected,  pyrexia  is  produced. 
In  rabbits  the  pyrexia  usually  occurs  within  twenty-four  hours,  and  there 
is  sometimes  a  similar  rise  in  the  human  subject.  Salter  found  that 
repeated  heating  to  65°  C.  completely  destroys  the  substance  which  causes 
pyrexia  in  rabbits.  Beclere,  Chambon,  and  Menard  observed  that  the 
injection  of  horses'  serum  into  the  subcutaneous  tissue  of  asses  gave  rise  to 
joint  pains,  rashes,  and  pyrexia,  and  that  heating  the  serum  to  58°  for  an 
hour  and  three-quarters  rendered  the  serum  harmless.  In  the  human 
subject  all  animal  sera  may  cause  sometimes  an  early  pyrexia,  but  more 
frequently  a  late  pyrexia  and  rashes  occurring  some  days  after  the  injec- 
tion ;  but  the  serum  of  the  horse  produces  these  results  less  frequently 
than  do  other  sera.  Salter  states  that  a  temperature  of  from  70°  to  72° 
C.  destroys  the  rash-producing  substance,  while  a  temperature  three  or 
four  degrees  lower  destroys  the  pyrexial  substance,  indicating  that  they 
are  distinct  bodies.  Besides  these  effects,  it  has  been  shown  that  pain  and 
swelling  of  the  joints  are  sometimes  produced  by  the  injection  of  normal 
animal  sera  into  the  human  subject.  Serum  which  has  been  left  long  in 
contact  with  the  clot  contains  more  toxic  and  pyrexial  substances  than 
serum  which  has  been  separated  soon  after  coagulation.  This,  combined 
with  the  late  occurrence  of  some  of  the  substances,  suggests  the  action  of 
one  of  the  ferments  of  the  blood. 

With  these  facts  before  us,  we  cannot  be  surprised  that  the  injection  of 
antitoxine  may  give  rise  to  various  ill  effects.  The  most  frequent  of  these 
are  rashes,  joint  pains,  and  pyrexia,  occurring  about  the  second  week  after 
injection.  Any  one  of  these  conditions  may  occur  alone,  but  they  are 
more  frequently  combined.  Spronck  has  found  that  exposure  for  about 
twenty  minutes  to  59°  C.  causes  very  slight  diminution  of  the  potency  of 
antitoxine,  while  it  diminishes  to  a  great  extent  the  incidence  of  the  ill 
effects  which  we  are  about  to  describe. 

Less  serious  effects. — Rashes. — Bashes  are  observed  in  at  least  a 
quarter,  sometimes  in  nearly  half,  of  the  cases.  In  the  paper  read  before 
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the  Clinical  Society,  and  previously  quoted,  they  occur  in  25  per  cent.,  in 
the  Clinical  Society  Report  in  34'7  per  cent.,  and  in  the  Metropolitan 
Asylums  Board  Report  for  1895,  in  45'9  per  cent,  of  the  cases. 

The  rash  generally  appears  between  the  seventh  and  twelfth  day  after 
the  injection,  the  eighth  being  the  day  on  which  most  cases  are  observed. 
It  may  occur  immediately  after  injection,  or  as  late  as  thirty-one  days.  It 
lasts,  as  a  rule,  from  one  to  five  days,  but  it  may  continue  for  nearly  three 
weeks.  In  a  few  instances,  after  the  rash  has  completely  subsided  it 
recurs,  although  no  fresh  injection  has  been  given  in  the  interval. 

The  eruption  is  usually  an  erythema,  which  may  be  blotchy,  like  that 
of  measles,  or  more  rarely  diffuse  and  punctate,  like  that  of  scarlet  fever. 
The  erythema  is  often  combined  with  urticaria,  or  the  latter  may  occur 
alone.  Now  and  then  an  erythematous  or  urticarial  eruption  becomes 
petechial.  The  face  and  the  scrotum  may  become  redematous.  The  rash 
may  be  limited  to  the  extremities,  or  may  involve  the  whole  body.  It 
usually  begins  about  the  wrists  and  ankles,  but  it  sometimes  starts  at  the 
site  of  the  injection.  The  rashes  are  usually,  though  not  always,  accom- 
panied by  pyrexia,  which  is,  as  a  rule,  moderate,  but  may  reach  103°  or 
104°  F. 

Articular  pains. — Lubinski  was  the  first  to  describe  the  occurrence  of 
pain  in  the  joints  after  the  injection  of  antitoxine.  In  the  paper  previously 
alluded  to  at  the  Clinical  Society  in  December  1894,  similar  pains  were 
described,  and  they  have  since  not  infrequently  been  observed.  In  the 
Metropolitan  Asylums  Board  Reports  they  occurred  in  47  per  cent.,  and 
in  the  Clinical  Society's  Report  in  6 -3  per  cent,  of  the  cases.  The  pain 
is  situated  in,  or  around,  the  joint,  is  accompanied  by  tenderness,  and 
sometimes  by  transient  effusion.  It  subsides  after  a  few  days.  The 
joints  most  frequently  affected  are  the  hips,  wrists,  and  ankles.  The 
pains  come  on,  as  a  rule,  between  the  eighth  and  nineteenth  day,  and  are 
almost  always  accompanied  by  one  of  the  rashes  above  described.  In  many 
cases  they  are  accompanied  by  pyrexia. 

Pyrexia. — We  have  already  stated  that  the  rashes  and  joint  pains  are 
usually  accompanied  by  pyrexia ;  the  latter  may,  however,  occur  alone. 
This  late  pyrexia  comes  on  at  about  the  same  time  as  the  rashes  and  joint 
pains ;  it  is  usually  slight,  and  is  either  transient  or  lasts  for  a  few  days. 

These  symptoms  are  not  caused  by  the  antitoxic  substances  in  the 
serum,  but  by  some  other  constituent ;  for,  as  we  have  already  mentioned, 
they  may  be  produced  by  the  injection  of  normal  animal  serum.  In  the 
paper  at  the  Clinical  Society  the  interesting  observation  was  made,  that 
the  serum  of  one  of  the  two  horses  used  more  frequently  caused  rashes 
and  joint  pains  than  that  of  the  other;  and  subsequent  experience  has 
shown  that  some  examples  of  sera  produce  these  troubles  more  frequently 
than  others.  We  believe  that  methods  of  preparation  will  soon  be  devised 
eliminating  these  effects.  In  some  cases  the  rashes,  joint  pains,  and 
pyrexia  are  accompanied  by  considerable  constitutional  disturbance,  which, 
however,  soon  subsides,  only  causing  a  slight  retardation  in  the  period  of 
convalescence. 

Serious  effects. — Collapse. — Several  cases  have  been  recorded  in  which 
collapse,  sometimes  fatal,  has  arisen  immediately  after  injection.  James  L. 
Taylor  reported  a  fatal  case  occurring  in  the  practice  of  Haldenman  of 
Portsmouth,  Ohio.  A  preventive  dose  of  Behring's  serum  was  adminis- 
tered to  a  perfectly  healthy  sleeping  child,  five  years  old.  It  died  within 
five  minutes,  while  the  doctor  was  in  an  adjacent  room.  Fiirbinger  re- 


790  SERUM  THERAPY. 

corded,  in  the  report  of  the  Municipal  Hospital,  Friedrichshain,  in  Berlin, 
the  case  of  a  child  seven  years  old,  suffering  from  scarlet  fever  and  a 
suspicions  tonsillitis,  who  became  dangerously  collapsed  two  minutes  ;il'ier 
injection,  but  ultimately  recovered.  It  was  probable  that  a  vein  was 
punctured  during  the  injection.  Gratiot  reported  the  case  of  a  healthy 
woman  who  became  seriously  collapsed  after  the  injection  of  GOO  units 
of  Behring's  serum,  and  only  rallied  at  the  end  of  six  hours. 

There  can  be  no  question  that  the  collapse  was  due  to  the  injections, 
for  in  two  of  the  cases  the  patients  were  not  suffering  from  any  disease, 
the  injection  being  used  as  a  preventive  measure.  In  one  case  a  vein 
appears  to  have  been  punctured,  and  the  rapid  entrance  of  the  serum  into 
the  circulation  may  have  been  connected  with  the  causation  of  collapse. 
It  is  interesting  to  note  that  serious  symptoms  have  occasionally  been 
observed  after  the  hypodermic  injection  of  morphine,  and  have  been  attributed 
to  puncture  of  a  vein.  The  injection  into  the  circulation  alone,  however, 
is  not  sufficient  to  explain  the  occurrence  of  collapse.  There  appears  t  < »  be 
a  close  connection  between  these  cases  and  those  we  are  about  to  describe. 
Doubtless  the  same  cause  is  at  work  in  both  classes. 

Toxic  symptoms  arising  shortly  after  injection. — Several  cases  hiive 
been  recorded  in  which  toxic  symptoms  have  developed  within  a  few 
minutes  of  injection.  The  symptoms  comprise  rapid  appearance  of  rash, 
rigors  with  pyrexia,  convulsions,  vomiting,  and  collapse.  Goodall  (appendix 
to  Clinical  Society  Eeport,  loc.  cit.)  described  three  cases  of  this  nature, 
which  we  will  briefly  quote. 

CASE  1.— A  girl,  set.  4,  suffering  from  diphtheria,  was  injected  with  three  dose- 
of  antitoxine,  each  containing  4000  units.  At  the  end  of  a  week  the  membrane 
had  completely  disappeared.  Foiir  weeks  later,  30th  November,  she  had  a  relapse, 
the  membrane  reappearing.  Midday  an  injection  of  4000  units  of  antitoxine  was 
given.  Within  twenty  minutes  she  was  seized  with  shivering,  followed  by  two 
convulsions,  and  the  temperature  rose  to  105°  F.  In  the  evening  the  temperature 
had  fallen  to  1000-4.  During  the  night  she  vomited.  At  6  a.m.  on  the  next  day 
(1st  December)  a  rash  was  noticed,  which  soon  developed  into  a  brilliant  red 
patchy  erythema  situated  mostly  on  the  extensor  surfaces  of  the  extremities. 
There  were  a  few  papules  on  the  trunk,  and  in  places  the  rash  Avas  urticaria!. 
The  pulse  was  144;  later  it  rose  to  156,  and  was  somewhat  irregular.  On  2nd 
December  the  rash  had  gone;  pulse,  182;  exudation  still  present  on  tonsils; 
temperature,  normal.  4th  December — A  general  erythema  appeared  on  legs  and 
lower  part  of  back;  temperature,  101°.  5th  December — Rash  had  extended; 
temperature,  100° -4.  In  the  morning  there  was  twitching  of  the  muscles  of  the 
mouth,  which  lasted  about  three  minutes ;  the  pulse  was  very  rapid.  On  7th 
December  patient  appeared  much  better.  On  9th  December  she  was  in  a  drowsy 
apathetic  state.  On  10th  December,  frequent  twitching  of  mouth,  pupils 
equal,  reacting  well  to  light,  no  optic  neuritis,  no  squint.  Very  apathetic,  no 
paralysis  to  be  made  out,  knee  jerks  obtained  with  difficulty.  Excreta  passed  in 
bed;  pulse,  140.  Left  otorrhoea  observed.  She  slowly  improved,  and  was  dis- 
charged on  3rd  February.  There  was  no  albuininuria  at  any  time. 

CASE  2. — A  girl,  set.  6,  was  treated  for  diphtheria  with  antitoxine,  and  made 
a  good  recovery  without  paralysis.  Seven  weeks  later  there  was  recurrence  of 
exudation  in  fauces ;  temperature,  103°.  Next  day  the  temperature  had  fallen 
to  99°'6  ;  4000  units  antitoxine  was  injected.  Within  half  an  hour  the  child  had 
a  rigor ;  the  temperature  rose  to  105°  F.,  but  fell  in  half  an  hour  to  102°,  and  five 
hours  later  to  99° '6.  The  next  morning  the  patient  appeared  quite  well,  the 
temperature  being  99° '6  ;  a  patchy  erythema  with  urticaria  was  observed  around 
the  site  of  injection.  She  made  a  rapid  recovery. 
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CASE  3. — A  girl,  set.  3,  was  treated  with  antitoxiue  for  diphtheria.  The 
?xudation  soon  cleared  from  the  fauces,  but  discharge  from  the  right  ear  and 
>aralysis  ensued.  Eight  weeks  after  admission  into  the  hospital  the  exudation 

^appeared  upon  the  fauces;  pulse,  140;  temperature,  99°.  An  injection  of 
1000  units  was  administered.  Within  a  quarter  of  an  hour  she  was  very  sick, 

id  was  covered  with  an  urticarial  eruption ;  in  an  hour  and  a  half  she  had  a 
rigor  lasting  half  an  hour,  she  became  cyanosed,  and  the  pulse  was  very  rapid  and 
feeble.  The  rash  was  still  present  on  the  next  day.  She  slowly  recovered. 

F.  Rauschenbusch  reports  the  case  of  five  children  who  received  preventive 
loses  of  200  units  from  the  same  bottle  of  antitoxine,  which  contained  1000 
units.  No  untoward  results  occurred  to  four  of  the  children,  but  one  child,  set. 
10,  developed  serious  symptoms.  Five  minutes  after  injection,  a  marked  eruption, 
attended  with  severe  itching,  appeared  at  the  site  of  injection,  and  rapidly  extended 
up  the  thigh  and  on  the  right  side  of  the  face.  In  ten  minutes  the  whole  body 
was  covered  with  a  dark  scarlatiniform  eruption,  and  the  patient  fainted.  After 
coming  round,  marked  collapse  continued,  the  pulse  at  the  wrist  could  not  be 
felt,  and  the  heart-beat  was  exceedingly  weak.  The  eruption  quickly  disappeared 
except  from  the  face.  Two  hours  later  vomiting  occurred,  and  the  child  improved. 
Eight  hours  later  the  hands,  feet,  and  face  were  cedematous,  and  there  was 
marked  itching.  Next  morning  the  child  was  better,  and  thenceforth  gradually 
recovered.  Two  years  previously  the  child  had  suffered  from  diphtheria,  and 
was  treated  with  600  units  of  antitoxine  without  ill  results. 

The  rapid  onset  of  these  symptoms  closely  connect  these  cases  with 
those  of  simple  collapse  arising  after  injection.  The  fact  that  in  Rauschen- 
busch's  case  several  other  children  were  injected  with  the  same  sernm  at 
the  same  time  without  untoward  results,  suggests  a  special  idiosyncrasy  in 
the  patients.  It  is  remarkable  that  all  the  patients  had  received  previous 
injections  of  antitoxine  which  did  not  give  rise  to  ill  effects.  The  rapid 
toxic  influence  of  the  serum  in  these  cases  appears  to  be  due  to  its  sudden 
diffusion  through  the  body,  either  by  puncture  of  a  vein  or  by  some  other 
means.  The  symptoms  are  similar  in  essential  points  to  the  ordinary  late 
rashes  and  pyrexia,  so  that  we  are  justified  in  assuming  that  the  toxic 
substances  are  identical. 

Septic  trouble.  —  Septic  trouble  has  sometimes  resulted  from  the  in- 
jection of  serum.  Of  633  cases  recorded  in  the  Clinical  Society's  Report, 
in  two  instances  an  abscess  formed  at  the  seat  of  puncture,  and  in  two 
other  instances  acute  cellulitis ;  and  in  the  Metropolitan  Asylums  Board 
Report  abscesses  occurred  in  l-2  per  cent,  of  the  cases.  Death  from 
septicaemia,  caused  by  the  injection,  has  also  undoubtedly  occurred.  The 
writer  had  brought  under  his  notice  two  cases  in  which  death  occurred 
from  injection  with  the  same  sample  of  serum.  Vomiting  and  purging, 
followed  by  collapse,  set  in  seven  and  a  half  hours  after  injection,  and  death 
ensued  within  twenty-four  hours.  An  unopened  bottle  of  the  same  stock 
of  serum  was  found  by  the  writer  to  be  crowded  with  cocci. 

In  the  Hungarian  journal  Gyogya&rzat,  Alfb'ldi  reports  the  case  of 
a  girl,  ret.  3,  who  received  a  preventive  dose  of  2  c.c.  Behring's  serum. 
Two  days  later  the  temperature  rose  to  104°,  and  albumin  appeared  in  the 
urine.  Next  day  petechire  appeared  about  the  body,  and  death  ensued  on 
the  following  day.  It  must  be  remembered  that  some  of  the  cases  with 
petechial  eruptions  attributed  to  septic  trouble  are  really  due  to  the 
diphtheria  from  which  the  patient  was  suffering.  Septic  trouble  may  be 
due  either  to  contamination  of  tbe  serum  during  manufacture,  or  to  infec- 
tion occurring  from  lack  of  sufficient  aseptic  precautions  during  injection. 
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It  is  thus  avoidable  by  due  care  in  the  selection  of  the  serum,  and  in  Urn 
method  of  administration.  The  writer  has  never  seen  septic  trouble  arising 
in  any  of  the  cases  under  his  own  care. 
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ANTIPNEUMOCOCCIC  SERUM. 

The  diseases  caused  by  the  pneumococcus,  like  those  caused  by  the 
Streptococcus  pyogenes,  belong  to  the  septic  type.  It  is  only  when  an 
enormous  multiplication  of  cocci  has  occurred  that  severe  symptoms 
arise.  Toxines  sufficiently  powerful  to  be  invariably  fatal  to  animals  have 
not  yet  been  obtained  from  cultivations. 

In  man  the  most  important  disease  caused  by  the  pneumococcus  is 
acute  lobar  pneumonia.  It  is  also  the  cause  of  certain  cases  of  pleurisy, 
empyema,  meningitis,  otitis,  arthritis,  and  infective  endocarditis,  which 
may  either  be  secondary  to  an  attack  of  pneumonia,  or,  more  rarely, 
primary.  Babbits,  when  infected  with  virulent  cultivations  of  the 
pneumococcus,  die  of  septicaemia,  the  blood  during  the  last  few  hours  of 
life  being  crowded  with  cocci.  If  the  cultivation  is  attenuated,  local  lesions 
are  produced  resembling  that  found  in  the  human  subject. 

G.  and  F.  Klemperer  were  the  first  to  show  that  the  blood  serum  of 
immunised  rabbits  possessed  the  power  of  protecting  other  rabbits  when 
injected  at  the  same  time  or  even  subsequent  to  inoculation.  These 
observations  were  confirmed  by  Bonome,  Foa  and  Carbone,  Emmerich  and 
Fowitzky,  Arkharow,  Issaef,  and  in  this  country  by  the  writer.  G.  and  F. 
Klemperer,  Foa  and  Carbone,  Foa  and  Scabia,  and  Jansson  treated  cases  of 
pneumonia  in  the  human  subject  with  the  serum  of  immunised  rabbits, 
while  Andeoud  used  for  the  same  purpose  the  blood  serum  of  patients 
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convalescent  from  pneumonia.  The  quantity  of  serum  available  was  of 
necessity  small,  and  no  exact  determination  of  its  strength  was  made. 
The  writer,  at  the  Jenne'r  Institute  of  Preventive  Medicine,  was  the 
first  to  prepare  serum  on  a  large  scale,  using  horses  for  this  purpose. 
The  potency  of  the  serum  was  accurately  measured  by  a  method  devised 
by  him  in  conjunction  with  J.  W.  Eyre,  and  cases  of  pneumonia  treated 
with  the  serum  were  recorded.  Shortly  afterwards,  Pane  published  an 
account  of  serum  which  he  had  prepared  from  cows  and  donkeys,  and 
with  which  he  had  treated  cases  of  pneumonia.  Since  this  time  he  has 
continued  his  work,  and  now  supplies  the  serum  commercially. 

Preparation. — The  serum  is  obtained  either  from  horses  or  donkeys, 
which  are  inoculated  at  first  with  small  and  subsequently  with  large  doses 
of  virulent  cultivations.  The  virulence  of  the  cultivations  is  raised  by 
repeated  passages  through  rabbits.  The  writer  and  J.  W.  Eyre  found 
that  a  medium  consisting  of  alkaline  agar,  the  surface  of  which  was 
covered  with  sterile  rabbit's  blood,  was  the  best  for  preserving  the  viru- 
lence of  the  cultivations.  They  also  showed  that  some  strains  of  the 
pneumococcus  were  more  easily  raised  in  virulence  than  others,  and  had  in 
Idition  a  greater  capacity  for  retaining  virulence.  We  have  generally 
in  our  experiments  a  pneumococcus  of  which  O'OOOOOl  of  a  small 
ilatinum  loop  is  invariably  fatal  within  twenty-four,  or  at  latest  forty-eight, 
hours  when  injected  into  the  peritoneal  cavity  of  rabbits. 

For  treatment  of  the  horse,  the  writer  has  used  broth  cultivations. 
The  injections,  which  are  made  into  the  subcutaneous  tissue  of  the  shoulder, 
give  rise  to  local  swelling  accompanied  by  pyrexia  and  malaise.  Con- 
siderable difference  is  observed  in  the  susceptibility  of  individual  animals, 
some  being  but  little  affected,  and  others  exhibiting  a  marked  reaction, 
perhaps  with  the  formation  of  metastatic  abscesses.  After  treatment  for 
some  months,  by  which  time  the  dose  may  rise  to  100  c.c.,  a  sample  of 
blood  is  removed  and  tested.  During  the  period  of  reaction  the  serum 
may  contain  living  cocci.  The  writer  once  found  living  cocci  in  the  blood 
a  month  after  inoculation,  but  in  this  instance  an  abscess  had  formed  at 
the  site  of  inoculation,  and  had  only  healed  a  week  before  the  bleeding. 
Consequently  the  serum,  before  use,  should  be  carefully  examined  by  means 
of  cultivations  and  by  inoculation  of  rabbits.  Pane  adds  to  his  serum  0'25 
per  cent,  trikresol,  which  not  only  preserves  the  serum,  but  also  destroys 
living  pneumococci  if  by  chance  present. 

Standardisation. — Eyre  and  the  writer  estimated  the  potency  of  the 
serum  by  observing  the  smallest  quantity  which,  when  mixed  with  a 
tenfold  fatal  dose  of  a  blood-agar  cultivation,  and  injected  into  the  peri- 
toneal cavity  of  a  rabbit,  protected  the  animal  from  death.  By  being 
careful  to  use  cultivations  of  the  same  age,  and  taking  other  precautions, 
they  obtained  very  accurate  and  consistent  results  by  this  method.  The 
cocci  are  easily  separated  when  grown  upon  blood-agar  and  made  into 
an  emulsion  with  broth,  and  can  be  distributed  evenly  in  high  dilutions. 
Pane  estimates  the  strength  of  his  serum  by  observing  how  many  fatal 
doses  of  a  broth  cultivation  1  c.c.  of  serum  will  protect  against.  He 
injects  the  serum  into  the  veins,  and  simultaneously  inoculates  the  cultiva- 
tions into  the  subcutaneous  tissue.  Eyre  and  the  writer  used  this  method 
of  testing  Pane's  serum,  and  found  that  it  gave  reliable  results ;  they,  how- 
ever, made  the  inoculations  into  the  peritoneal  cavity  instead  of  into  the 
subcutaneous  tissue. 

Strength. — The  serum  obtained  by  the  writer  was  of  such  strength 
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that  0'03  c.c.  protected  against  the  fatal  closes.  The  serum  at  present 
supplied  by  Pane  is  of  two  qualities,  No.  1  and  No.  2.  Of  these,  No.  1  is 
of  such  a  strength  that  1  c.c.  protects  against  1000  fatal  doses,  and  No.  "2 
against  3000  fatal  doses.  Eyre  and  the  writer  confirmed  liy  experiment 
Pane's  estimation  of  the  potency  of  serum  No.  2.  . 

Preservation. — According  to  Fanoni,  the  serum  begins  to  lose  in 
potency  after  four  months,  and  at  the  end  of  five  months  it  is  no  longer 
active. 

Properties. — Antipneumococcic  serum  is  antibacterial,  but  it  does 
not  appear  to  possess  antitoxic  properties.  There  is,  however,  the  same 
difficulty  in  determining  this  latter  point  as  with  the  antistreptococcic 
serum,  for  a  toxine  sufficiently  powerful  to  make  reliable  experiments  has 
not  yet  been  obtained.  The  protective  properties  of  the  serum  can  be 
shown  either  by  mixing  it  with  the  cultivations  and  injecting  the  mixture 
into  the  peritoneal  cavity  of  a  rabbit,  or  by  injecting  the  serum  into  the 
veins  and  simultaneously  inoculating  the  cultivation  into  the  peritoneal 
cavity. 

Therapeutics. — The  therapeutic  effects  can  be  shown  by  injecting 
the  serum  subsequent  to  inoculation.  The  writer  found  that  with  a  serum 
of  which  0'03  c.c.  protected  against  a  tenfold  fatal  dose  of  cultivation, 
2  c.c.  would  protect  when  injected  six  hours  subsequent  to  inoculation; 
that  is  to  say,  during  the  first  quarter  of  the  disease,  as  the  controls  died  in 
twenty-four  hours. 

Pneumococci,  when  derived  from  various  sources,  differ  from  one 
another  in  virulence  and  in  cultural  characteristics.  Eyre  and  the  author 
have  shown  that  several  of  these  varieties  can  be  converted  into  types 
indistinguishable  from  one  another  in  virulence  and  in  cultural  and 
morphological  characters.  They,  however,  have  shown  that  Pane's  serum, 
although  protecting  against  several  strains  of  pneumococci,  will  notprotect 
against  all.  One  strain,  which  had  all  the  characters  of  a  typical  pneumo- 
coccus,  was  quite  unaffected  by  the  serum.  The  antipneumococcic  serum 
thus  resembles  the  antistreptococcic  in  not  protecting  against  every  strain 
of  pneumococcus.  There  appears,  however,  to  be  more  unanimity  in  this 
respect  among  the  pneumococci  than  among  the  streptococci. 

In  this  country  sufficient  cases  have  not  been  recorded  to  enable  us 
to  form  an  opinion  upon  the  value  of  the  treatment.  In  two  cases  of  pneu- 
monia recorded  by  the  writer,  and  in  one  case  recorded  by  C.  J.  Harnett, 
the  serum  appeared  to  act  beneficially ;  while  in  two  cases  recorded  by  A. 
Cooke  a  beneficial  effect  was  not  very  apparent,  and  another  case  recorded 
by  Spurrell  terminated  fatally.  In  Italy  the  serum  has  been  used  more 
extensively.  A  discussion  was  held  in  Turin  (Congressi  di  medicina 
interna)  in  October  1898,  which  on  the  whole  was  favourable  to  the  efficacy 
of  the  treatment.  Banti  and  Pieracinni,  in  an  elaborate  paper  describing 
the  treatment  of  a  large  number  of  cases  of  pneumonia,  came  to  the  con- 
clusion that  the  serum  had  no  influence  upon  the  disease.  It  is  possible 
that  the  treatment  may  prove  to  be  more  successful  in  other  pneumococcal 
affections — such,  for  example,  as  infective  endocarditis — than  in  pneumonia. 

Dose. — The  serum  is  injected  subcutaneously.  Pane  recommends 
doses  of  10  to  20  c.c.  twice  a  day  until  the  temperature  has  subsided  and 
the  patient  is  convalescent. 

Ill-effects. — -Antipneumococcic  serum  may  produce  similar  after-effects 
to  that  caused  by  diphtheria  serum  (q.v.). 
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ANTIVENOMOUS  SERUM. 

The  toxic  principle  of  the  venom  of  most  poisonous  snakes  appears  to 
be  identical.  Calmette  states  that  the  toxicity  of  the  venoms  of  Australian 
snakes,  and  of  almost  all  the  snakes  found  in  India,  Indo-China,  Africa,  and 
America,  is  due  to  the  same  substance,  but  that  some  produce  very  intense 
local  phenomena,  some  haemorrhage,  and  some  simply  bulbar  paralysis. 
The  venom  of  Viperiche  differs  from  that  of  the  Colubridae  by  its  intense 
local  effects.  By  heating  to  75°  C.,  the  substance  causing  the  local  effect  is 
destroyed,  and  then  the  venoms  are  identical  in  action.  C.  J.  Martin  has 
shown  that  the  venom  of  the  pseudechis  of  Australia  contains  two  poisons, 
the  one  of  which  is  coagulated  at  82°  C.,  and  which  causes  destruction  of 
the  red  blood  cells,  and  haemorrhages,  and  the  other  is  dialysable,  and  is  a 
nerve  poison. 

Animals  vary  in  susceptibility ;  for  instance,  with  the  venom  of  Pseu- 
dechis porphyriacus  the  amount  necessary  to  kill  a  guinea-pig  in  twelve  to 
twenty-four  hours  is  ToVo  uigi'in.  per  kilo  weight,  a  rabbit  T^^v  mgrm.,  a' 
dog  Txnnr  mgrm.  Apart  from  the  local  effects,  the  symptoms  are  somnolence 
passing  into  unconsciousness,  associated  first  with  muscular  contractions 
and  then  with  motor  paralysis,  commencing  in  the  lower  limbs.  The 
paralysis  passes  upwards  and  involves  the  respiratory,  and  finally  the 
cardiac,  centre.  The  poison  acts  more  rapidly  if  it  is  injected  into  the 
circulation  than  if  injected  into  the  subcutaneous  tissue.  If  three  times 
the  minimal  dose  which,  when  injected  subcutaneously,  causes  death  in 
twelve  hours,  be  injected  into  a  vein,  death  ensues  in  about  twenty 
minutes. 

Phisalix  and  Bertrand  and  Calmette  almost  simultaneously  showed  that 
it  was  possible  to  immunise  animals  against  the  venom,  and  that  the  serum 
of  immunised  animals  possessed  protective  properties.  A  detailed  account 
of  the  method  of  producing  immunity,  and  of  the  properties  of  the  serum, 
was  given  by  Calmette  in  the  Annals  of  the  Pasteur  Institute  for  1894. 
Eraser  fully  confirmed  the  results  of  the  above  observer.  Valuable  work 
on  this  subject  has  also  been  performed  by  C.  J.  Martin  and  Cherry  in 
Australia,  and  by  Semple  and  Lamb  in  this  country.  Fraser  showed  that 
animals  were  not  affected  by  the  injections  of  venom  through  the  alimentary 
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canal,  even  when  several  lethal  doses  were  administered,  and  he  found 
that  animals  could  he  immunised  to  subcutaneous  inoculation  hy  this 
method.  He  also  found  that  hile  was  antitoxic  to  venom  when  mixed 
in  vitro  and  then  injected.  Calmette  has  shown  that  this  antitoxic  power 
of  the  hile  is  slight,  and  is  possessed  hy  other  substances.  It  exhibits  no 
protective  powers  when  injected  either  before  or  after  the  venom. 

Immunisation  of  animals. — -Animals  can  be  immunised  by  injecting 
at  first  submiminal  lethal  doses,  and  then  gradually-increasing  doses.  The 
process  requires  to  be  carefully  carried  out,  for  if  immunisation  is  proceeded 
with  too  rapidly  the  animals  become  marasmic  and  die.  It  is  safer  to  make 
the  first  injection  with  venom  attenuated  by  the  addition  of  a  fresh  solution 
of  chloride  of  lime.  Calmette  described  the  immunisation  of  donkeys,  and 
he  now  supplies  serum  in  large  quantities  for  the  treatment  of  man,  which 
he  obtains  by  immunising  horses.  Some  of  Calmette's  horses  will  stand 
the  injection  of  1  grm.  of  dried  cobra  venom  intraveneously  without  being 
incommoded,  while  a  fresh  horse  is  rendered  seriously  ill  by  10  mgrins. 

Properties. — The  serum  is  protective  when  injected  before,  at  the 
same  time,  or  shortly  after  inoculation.  The  immunity  conferred  by 
injection  of  the  serum,  according  to  Calmette,  does  not  last  longer  than  six 
days.  The  serum  protects  animals  when  injected  after  symptoms  of 
poisoning  have  been  manifested ;  but  after  a  certain  period  no  amount  of 
serum,  however  large,  has  any  effect  in  preventing  death.  In  fact,  the 
serum  obeys  exactly  the  same  laws  as  the  antidiphtherial  and  antitetanic 
serum.  Calmette's  serum  cures  a  rabbit  of  2  kilos  in  doses  of  4  c.c.  when 
injected  subcutaneously  half  an  hour  after  the  inoculation  of  a  dose  of 
venom  fatal  in  twelve  to  twenty-four  hours.  An  hour  after  inoculation, 
6  c.c.  is  required ;  two  hours  after,  10  c.c. ;  and  four  hours  after,  20  c.c. 
In  accordance  with  the  identity  of  the  venoms  of  different  snakes,  Cal- 
mette has  found  that  the  serum  of  an  animal  immunised  against  either  the 
cobra  or  the  viper  acts  in  exactly  the  same  way  against  the  venoms  of  all 
kinds  of  snakes,  and  also  against  that  of  the  scorpion. 

Standardisation  and  strength. — Calmette  measures  the  strength 
of  his  serum  in  the  following  way.  He  first  determines  the  smallest 
quantity  of  venom  which,  when  injected  into  the  marginal  vein  of  the  ear 
of  a  rabbit  weighing  2000  grms.,  causes  death  in  twenty  minutes.  He  then 
determines  the  smallest  quantity  of  serum  which,  when  injected  five  minutes 
before  injection  of  the  minimal  lethal  dose  thus  determined,  protects  the 
animal  from  death.  Supposing  this  to  be  1  c.c.,  then  he  says  that  the  serum 
contains  2000  immunity  units  per  c.c.,  because  1  c.c.  protects  2000  grms. 
rabbit.  The  serum  supplied  by  Calmette  from  the  institution  at  Lille 
contains  2000  units  per  cubic  centimetre.  This  method  of  standardisation 
is  liable  to  fallacies,  and  is  not  very  exact.  In  testing  against  the  minimal 
fatal  dose,  it  is  obvious  that  by  using  the  smallest  amount  below  this 
quantity  the  animals  will  survive  whether  serum  is  administered  or  not. 
It  also  gives  us  no  indication  of  the  amount  of  venom  actually  neutralised 
by  the  serum ;  for  if  it  neutralises  only  a  small  fraction  of  the  lethal  dose 
the  animal  will  survive,  even  if  the  greater  part  of  the  venom  remains 
unneutralised.  It  is  better,  therefore,  to  avoid  this  error  by  using  a 
multiple  of  the  lethal  dose  as  a  test  dose,  and  it  appears  to  be  better  to 
mix  the  venom  and  the  serum  together  in  vitro  before  injecting,  so  as  to 
avoid  differences  in  the  rate  of  absorption  of  venom  and  serum.  Semple 
and  Lamb,  using  6  lethal  doses  and  mixing  with  them  Calmette's  serum, 
found  that  1  c.c.  neutralises  0-0014  grm.  venom,  of  which  the  minimal  fatal 
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dose  was  O00035  grm.  per  kilo.  It  is  probable  that  a  method  of  standard- 
isation based  upon  these  principles  will  be  ultimately  adopted. 

Dose. — The  dose  of  serum  is  10  c.c.,  or  in  severe  cases  20  or  30  c.c., 
which  should  be  given  as  soon  as  possible  after  the  bite.  It  may  be  given 
subcutaneously,  but  it  is  preferable  to  inject  it  into  a  vein,  especially  in 
cases  treated  late,  as  absorption  occurs  more  slowly  from  the  subcutaneous 
tissue.  Careful  aseptic  precautions  should  be  taken.  ( Vide  p.  786.) 

Preservation. — Hankin  tested  serum  which  had  been  sent  from  France 
to  India.  On  1st  October  the  serum  tested  in  France  possessed  a  strength 
of  10,000,  while  on  23rd  December  its  strength,  tested  in  India,  was 
2000. 

Therapeutics. — There  appears  to  be  no  question  of  the  efficacy  of 
the  treatment.  A  number  of  cases  have  been  recorded  in  which  the  serum 
has  been  used  even  after  well-marked  symptoms  have  arisen  from  bites 
with  poisonous  snakes,  and  in  which  recovery  has  ensued.  Calmette  gives 
the  clinical  history  of  seven  cases  of  recovery  recorded  by  different  ob- 
servers ;  and  in  1898  he  stated  that  of  a  large  number  of  "cases  treated  with 
serum,  in  man  and  in  domestic  animals,  reported  to  him,  not  one  had 
succumbed. 

As  far  as  we  know,  the  serum  is  efficacious  against  venom  of  all  snakes. 
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TETANUS  ANTITOXINS. 

Tetanus  is  the  best  known  example  of  the  toxic  type  of  disease ; 
the  bacillus  is  localised  to  the  site  of  inoculation,  where  it  produces  a 
powerful  toxine.  Ehrlich  propounded  the  theory  that  the  toxine  possesses 
an  affinity  for  combining  with  the  central  nervous  system,  in  virtue  of 
which  it  produces  the  symptoms  of  tetanus.  This  theory  is  supported  by 
the  experiments  of  Wassermann  and  Takaki,  who  have  shown  that  tetanus 
toxine,  when  mixed  with  an  emulsion  of  the  brain  of  a  guinea-pig,  is 
rendered  inert.  The  toxiue  is  so  powerful  that  if  animals  are  inoculated 
with  minute  quantities  of  pure  cultivations,  there  is  sufficient  present  to 
cause  tetanus  without  multiplication  of  the  bacilli.  Tetanus  spores,  freed 
from  toxine  by  filtration  and  careful  washing,  or  by  exposure  to  a  tem- 
perature of  80°  C.,  are  incapable  of  causing  tetanus  in  susceptible  animals, 
for  when  deprived  of  toxiue  they  are  quickly  destroyed  by  phagocytes.  If, 
on  the  other  hand,  the  tissues  are  previously  injured  by  injection  of  lactic 
acid,  or  if  certain  harmless  saprophytes  are  injected  with  the  spores,  the 
phagocytes  are  unable  to  euglobe  the  latter,  which  then  germinate,  and 
tetanus  ensues.  In  accordance  with  the  above,  we  find  that  tetanus  in  the 
human  subject  is  a  mixed  infection,  other  bacteria  being  present  in  the 
wound  in  addition  to  tetanus  bacilli. 

Tetanus  toxiue  is  so  powerful  that  a  guinea-pig  is  killed  by  an  injection 
of  a  thousandth  part  of  a  cubic  centimetre  of  a  filtrated  broth  cultivation,  and 
a  mouse  by  a  hundred-thousandth  part.  One  cubic  centimetre  of  broth  con- 
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tains  0-025  grm.  of  organic  matter,  consequently  less  than  0'000025  gnu.  is 
fatal  to  a  guinea-pig,  and  O00000025  grm.  to  a  mouse.  For  the  human  subject 
the  toxine  appears  to  be  no  less  poisonous.  Nicholas,  who  pricked  his 
finger  with  a  needle  which  was  only  just  moist  with  toxine,  suffered  from  a 
typical  attack  of  tetanus.  The  symptoms  produced  by  subcutaneous  in- 
jection of  toxine  in  animals  are  muscular  contractions,  which  begin  in  the 
neighbourhood  of  the  injection,  and  ultimately  cause  death  by  becoming 
generalised.  It  appears  that  the  toxine  is  conveyed  by  two  paths  to  the 
central  nervous  system,  a  portion  passing  by  means  of  the  nerves,  and 
the  rest  by  the  blood  stream.  lioux  and  Borell  have  shown  that  the  intro- 
duction of  tetanus  toxine  into  the  substance  of  the  cerebral  hemispheres 
produces  a  peculiar  set  of  symptoms,  which  they  call  cerebral  tetanus.  The 
symptoms  consist  of  cerebral  excitement,  in  which  the  animal  appeals  to 
be  the  subject  of  hallucinations,  epileptiform  convulsions,  polyuria,  and 
muscular  twitchings.  Injection  into  the  arachnoid  space,  however,  causes 
ordinary  tetanus. 

In  1890,  Behring  and  Kitasato  showed  that  the  blood  serum  of  animals 
immunised  to  tetanus  protected  other  animals  against  both  living  cultiva- 
tions and  their  toxines.  This  serum  was  also  effective  when  injected  sub- 
sequent to  inoculation.  They  suggested  the  application  of  these  experi- 
ments to  the  treatment  of  tetanus  in  the  human  subject.  In  a  paper  in  the 
Deutsche  niedicinisclic  Wochenschrift  a  week  later,  Behring  stated  that  he  and 
Kitasato  had  been  able  to  cure  tetanus  in  mice  by  the  injection  of  the  serum 
after  symptoms  had  developed.  Tizzoui  and  Cattani  immunised  a  dog 
against  tetanus,  and  confirmed  the  observations  of  Behriug  and  Kitasato 
that  the  serum  was  protective  against  both  living  cultivations  and  their 
toxines.  Schiitz  was  the  first  to  immunise  sheep  and  horses,  and  to  obtain 
the  serum  in  large  quantities.  Shortly  afterwards,  Tizzoni  and  Cattani 
published  an  account  of  the  immunisation  of  horses,  from  which  they  had 
obtained  a  powerful  serum.  Amongst  those  whose  work  in  this  direction 
has  been  of  especial  value,  we  will  mention  the  names  of  Vaillard,  Vincent, 
llouget,  Knorr,  Eoux,  Brieger,  Ehrlich,  and  Frank. 

Preparation. — Tetanus  antitoxine  was  first  obtained  from  small  labora- 
tory animals.  Behring  and  Kitasato  immunised  rabbits  by  inoculation 
with  living  cultivations  and  subsequent  injection  of  trichloride  of  iodine 
into  the  seat  of  inoculation.  Other  methods  have  since  been  employed, 
such  as  the  injection  of  living  cultivations  mixed  with  thymus  extract, 
and  the  injection  of  toxines  attenuated  by  heat  or  by  the  addition  of  iodine. 
Instead  of  small  animals,  which  are  difficult  to  immunise,  horses  are 
now  employed.  For  the  injections  a  powerful  toxine  is  easily  obtained  by 
filtering  broth  cultivations  which  have  been  incubated  under  amerobic 
conditions.  The  first  injections  are  made  with  toxines  attenuated  by  the 
addition  of  iodine ;  these  are  followed  by  the  injection  of  small  quantities 
of  filtered  cultivations  to  which  no  iodine  has  been  added.  Ultimately  as 
much  as  100  c.c.  of  a  filtered  cultivation  is  injected  at  a  single  dose. 

Horses  vary  considerably  in  susceptibility,  a  dose  which  is  fatal  to  one 
animal  having  very  little  effect  upon  another.  The  reaction  set  up  by  the 
injection  consists  of  local  swelling,  excitement,  and  twitching  of  the 
muscles.  After  treatment  for  some  months,  the  animal  is  bled,  and  the 
serum  collected  in  the  same  way  as  is  described  under  diphtheria  anti- 
toxine (p.  776).  Behring  stated  that  after  a  time,  in  spite  of  repeated 
injections,  the  yield  of  antitoxine  gradually  diminishes,  although  the 
animal  possesses  a  high  degree  of  immunity.  Tizzoni  and  Cattani  found 
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that  after  a  period  of  rest  further  injections  again  gave  rise  to  the  pro- 
duction of  antitoxine. 

Properties. — Tetanus  serum  possesses  antitoxic  but  no  antibacterial 
pro]  (cities.  Tetanus  bacilli  grow  well  in  the  serum,  wherein  they  pro- 
duce powerful  toxines.  Nevertheless,  the  serum  will  protect  against 
living  cultivations  as  well  as  against  toxines ;  for  by  neutralising  the 
toxines  as  they  are  formed  it  renders  the  living  bacilli  harmless.  It 
protects  the  animal  if  it  is  injected  either  before,  at  the  same  time,  or 
subsequent  to  infection.  On  account  of  the  slower  absorption  of  the 
antitoxiue  than  the  toxine,  a  smaller  quantity  is  required  to  protect 
when  injected  some  hours  previous  to  infection,  than  when  injected  im- 
mediately afterwards.  For  instance,  Kitasato  found  that  O001  c.c.  of  the 
serum  would  protect  mice  when  injected  fifteen  hours  before  infection 
with  tetanus  spores,  while  O'l  c.c.  was  required  when  injected  at  the  time. 
Behring  and  Knorr  obtained  similar  results  in  employing  toxines  instead 
of  living  cultivations.  They  found  that  it  was  necessary  to  inject  a 
hundred  times  more  serum  a  quarter  of  an  hour  after  the  injection  of  the 
toxine,  than  was  required  if  the  serum  were  administered  twenty-four 
hours  beforehand.  After  the  symptoms  of  tetanus  have  developed,  it  is 
difficult  to  save  the  animal  by  the  subcutaneous  injection  of  antitoxine. 
Kitasato  was  able  to  save  half  the  mice  he  had  experimentally  infected  by 
giving  daily  injections  of  1  c.c.  serum,  the  first  injection  being  given 
immediately  after  the  symptoms  had  appeared ;  but  the  animals  which 
survived  s uttered  from  chronic  tetanus  for  as  long  as  five  or  six  weeks. 
Further  experiments  have  given  much  less  satisfactory  results,  even  when 
employing  enormous  doses  of  serum.  In  fact,  when  the  toxine  has  once 
gained  access  to  the  central  nervous  system,  the  subcutaneous  or  intra- 
venous injection  of  antitoxine  gives  uncertain  results. 

Roiix  and  Borell  have  shown  that  rabbits  whose  blood  has  been 
rendered  powerfully  antitoxic  by  the  previous  subcutaneous  injection  of 
serum,  are  just  as  susceptible  as  controls  to  intracerebral  injection  of 
toxiue.  They  explain  this  on  the  supposition  that  the  antitoxine  in  the 
blood  does  not  gain  access  to  the  interior  of  the  nervous  system.  If, 
however,  during  the  injection  a  small  vessel  is  punctured,  so  that  the 
blood  mixes  with  the  toxine,  the  latter  is  neutralised  by  the  antitoxiue 
present,  and  the  animal  does  not  suffer.  They  also  made  the  important 
observation  that  guinea-pigs  which  had  shown  symptoms  of  tetanus  after 
subcutaneous  injection  of  toxine  could  be  cured  by  iutracerebral  injection 
of  antitoxine.  Of  forty-five  guinea-pigs  thus  treated,  thirty-five  recovered  ; 
of  seventeen  similar  animals  treated  by  subcutaneous  injection  with  large 
doses  of  antitoxine,  only  two  recovered;  while  of  seventeen  controls 
receiving  no  treatment,  all  died. 

Standardisation. — Toxines  are  now  employed  instead  of  living  culti- 
vations for  standardising  tetanus  antitoxine.  The  toxine  is  obtained  by 
filtering  broth  cultivations  through  a  Berkefeld  filter.  It  quickly  loses 
strength  if  exposed  to  light  and  air ;  but  Knorr  found  that  it  could  be 
maintained  at  a  constant  strength  by  the  addition  of  excess  of  common 
salt. 

The  first  method  which  was  employed  in  standardising  serum  was  that 
of  determining  how  small  a  quantity  of  serum  would  protect  a  mouse 
against  a  minimal  fatal  dose  of  toxine  when  the  two  were  injected  separ- 
ately into  different  regions  of  the  body.  A  serum  of  a  strength  of 
1 : 1,000,000  meant  a  serum  of  which  an  amount  corresponding  to  the 
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T.Tnnr.ffinr  part  of  the  body-weight  of  a  mouse  protected  the  latter  from 
death.  The  minimal  fatal  dose  of  the  toxine  was  taken  to  be  the  smallest 
amount  that  killed  every  mouse  out  of  a  series  of  experiments  in  from 
three  to  five  days.  On  account  of  the  more  rapid  absorption  of  the  toxine 
than  of  the  serum,  it  was  found  best  to  inject  the  serum  twenty-four  hours 
before  the  toxine.  Behring  and  Knorr  denominated  as  "  Normal  Serum  " 
a  serum  which,  when  tested  in  this  way,  was  of  the  strength  of  1 : 1,000,000. 
A  serum  which,  when  compared  with  this  Normal  Serum,  was  found  to  be 
of  the  same  strength,  was  called  Tet.  N',  while  if  of  one-tenth  of  the 
strength  it  was  called  Tet.  N  ^.  The  test  antitoxine  which  is  now  pre- 
served in  the  Steglitzer  Institute  in  the  dry  state  is  one  hundred  times  as 
strong  as  the  normal  serum,  and  is  therefore  denominated  Tet.  N100 
The  researches  of  Knorr  have  shown  that  in  comparing  a  serum  with  a 
test  antitoxine  it  is  better  to  use  another  method  than  the  one  above 
described.  Instead  of  injecting  the  serum  and  the  toxine  separately,  it  is 
better  to  mix  them  together  and  to  inject  the  mixture  half  an  hour  after  it 
has  been  made,  so  as  to  allow  sufficient  time  for  the  antitoxine  to  act  upon 
the  toxine.  The  serum  is  not  tested  against  a  minimal  fatal  dose  as  before, 
but  against  a  test  dose  of  a  standard  toxine.  The  standard  toxine  preserved 
by  Knorr  is  of  such  a  strength  that  1  grm.  contains  150,000,000  + M.S., 
i.e.  sufficient  toxine  to  kill  150,000,000  grins,  weight  of  mice  in  four  to  five 
days,  1  +  M.s.  being  the  denomination  of  the  amount  sufficient  to  kill 
1  grm.  weight  of  mice.  "  Normal  serum  "  in  quantities  of  0-1  c.c.,  when 
mixed  with  the  standard  toxine,  neutralises  0'03  grm.  toxine  =  4,500,000 
+  M.s.  A  serum  of  which  O'OOl  c.c.  neutralises  4,500,000  + M.S.  would 
be  a  hundred  times  stronger  than  normal,  and  would  be  designated 
Tet.  N100,  while  a  serum  of  which  O'Ol  c.c.  neutralises  the  same  amount 
of  toxine  would  be  ten  times  as  strong  as  "  normal  serum,"  and  would  be 
designated  Tet.  N10  (Behring  and  Ransom).  Knorr  has  shown  by  similar 
experiments  to  those  of  Ehrlich  (vide  p.  788)  upon  the  standardisation  of 
diphtheria  antitoxiue,  that  filtered  tetanus  cultivations  contain,  in  addition 
to  toxines,  substances  which  are  capable  of  influencing  the  results. 

The  minimal  fatal  dose  of  a  filtered  cultivation  can  be  determined  in 
two  ways — the  direct  and  the  indirect.  In  the  direct  method  measured 
quantities  of  toxines  are  injected  into  a  series  of  mice,  and  the  smallest 
quantity  ascertained  which  causes  death  in  three  to  five  days.  In  the 
indirect  method  a  definite  quantity  of  filtered  cultivation  is  exactly 
balanced  by  the  addition  of  antitoxine,  so  that  the  mixture  is  harmless  to 
mice.  The  mixture  is  then  divided  into  a  large  number  of  equal  portions, 
and  each  portion,  after  the  addition  of  different  amounts  of  filtered  culti- 
vations, is  injected  into  a  series  of  mice.  The  smallest  amount  of  filtered 
cultivation  which,  when  added,  is  sufficient  to  cause  death,  can  thus  be 
ascertained. 

If  the  filtered  cultivations  only  contained  toxines,  it  is  clear  that  this 
amount  would  correspond  to  the  minimal  fatal  dose  obtained  by  the  direct 
method.  It,  however,  does  not  in  any  way  correspond,  which  Ehrlich 
explains  by  assuming  that  the  filtered  cultivations  contain,  in  addition  to 
toxines,  toxoids  which  are  non-poisonous,  but  which  are  capable  of  com- 
bining with  antitoxine.  Knorr  differs  from  this  view,  and  suggests  that 
the  filtered  cultivations  contain  some  substance  which  forms  combinations 
with  the  toxines.  Both  agree  that  the  filtered  cultivations  contain  sub- 
stances which  are  capable  of  interfering  with  the  combination  of  the  toxine 
and  the  antitoxine,  and  that  these  substances  are  present  in  different  pro- 
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portions  in  different  cultivations.  Consequently  the  method  of  deter- 
mining the  test  dose  of  toxine  employed  for  standardising  antitoxine  by 
the  number  of  fatal  doses  it  contains  is  inaccurate.  Of  two  different  culti- 
vations containing  the  same  number  of  fatal  doses  of  toxine,  the  one  may 
neutralise  a  greater  amount  of  antitoxiue  than  the  other  on  account  of  its 
different  composition.  For  each  specimen  of  toxine  the  test  dose  must  be 
determined,  not  by  the  number  of  fatal  doses  it  contains,  but  by  finding 
out  experimentally  how  much  is  neutralised  by  a  test  dose  of  a  standard 
antitoxine.  (  Vide  article  on  "  Diphtheria.") 

Strength. — The  Jenner  Institute  serum  is  of  strength  1 : 5,000,000  ; 
that  is  to  say,  1  c.c.  protects  5,000,000  grm.-weight  of  guinea-pigs  against 
ten  lethal  doses  of  filtered  broth  cultivation  when  the  two  are  mixed 
together  and  the  mixture  injected  subcutaneously. 

Preservation. — Dried  serum  keeps  for  a  long  period.  Liquid  serum 
will  keep  without  appreciable  alteration  for  several  months. 

Therapeutics. — Schwartz  was  the  first  to  record  the  treatment  of  a 
case  of  tetanus  by  a  serum  which  was  prepared  by  Tizzoni  and  Cattani. 
Gagliardi  had  previously  treated  a  case,  which  he  shortly  afterwards 
published.  The  first  case  published  in  England  was  by  J.  St.  Thomas 
Clarke.  Many  cases  have  since  been  published  in  Britain  and  abroad. 
It  is  difficult  to  gauge  the  value  of  the  treatment.  Statistics  are  un- 
reliable, as  the  unsuccessful  cases  are  not  always  published.  Again,  on 
account  of  the  comparative  rarity  of  the  disease,  the  mortality  of  cases 
not  treated  has  been  found  to  vary  enormously  in  the  statistics  collected 
by  different  observers.  We  must  therefore  rely  more  upon  the  clinical 
effects  observed  in  individual  cases.  In  such  cases  as  those  recorded  by 
A.  Turner  and  G-.  L.  Cheatle,  Nestor  Tirard,  and  by  A.  J.  Chalmers,  the 
serum  certainly  appears  to  have  exerted  a  definite  beneficial  effect. 

Kanthack  in  1895,  in  a  review  of  the  cases  up  to  that  time  recorded, 
came  to  the  conclusion  that  the  acute  cases  with  a  short  incubation  period 
were  not  influenced  by  the  treatment,  but  that  it  exerts  an  influence  upon 
the  less  acute  cases.  This  view  appears  to  be  supported  by  the  record  of 
the  cases  since  published  in  Britain.  We  believe  that  the  serum  does 
good  in  cases  treated  early,  and  in  which  the  toxines  have  not  already  been 
conveyed  in  large  quantities  to  the  central  nervous  system ;  but  when  this 
has  happened,  as  occurs  in  acute  cases,  the  treatment  is  not  likely  to  be 
efficacious.  The  success  of  the  serum  treatment  of  tetanus  is  very  much 
inferior  to  that  of  diphtheria,  as  we  should  expect  on  theoretical  grounds. 
Diphtheria  is  recognised  by  the  local  inflammation  long  before  the  nerves 
and  heart  have  been  affected,  while  tetanus  is  first  recognised  when  the 
poison  has  gained  access  to  the  central  nervous  system.  We  have  already 
stated  how  difficult  it  is  to  cure  experimental  tetanus  by  the  subcutaneous 
injection  of  antitoxine  after  symptoms  have  once  appeared. 

Since  the  publication  of  Roux  and  Borell's  paper,  above  referred  to, 
several  cases  of  tetanus  have  been  treated  in  Paris  by  the  intracerebral 
injection  of  antitoxine,  the  first  being  recorded  by  Chauffard  and  Quenin. 
Major  Semple  recorded  the  first  case  treated  by  this  method  in  England, 
which  recovered.  Other  cases  have  since  been  recorded.  It  is  too  early 
to  give  an  opinion  of  the  value  of  this  method,  but  the  results  are  certainly 
encouraging.  The  intracerebral  injections  should  be  combined  with  sub- 
cutaneous injections,  the  object  of  the  latter  being  to  neutralise  the  toxine 
circulating  in  the  blood.  H.  S.  Collier  has  recorded  a  subacute  case  of 
tetanus  which  recovered  after  the  subdural  injection  of  antitoxine. 
5' 
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Administration. — The  serum  cannot  be  administered  through  the 
alimentary  canal,  as  it  is  destroyed  before  it  reaches  the  general  circulation. 
Gibier  showed  that  the  injection  of  a  thousand  times  the  dose  of  antitoxine 
which  protected  when  injected  subcutaneously,  had  no  effect  when  injected 
per  rectum.  The  method  of  injecting  subcutaneously  is  similar  to  that 
already  described  under  Diphtheria.  (Vide  p.  786.) 

The  following  is  the  method  adopted  for  the  intracerebral  injection  of 
antitoxiue : — The  patient  is  placed  under  an  amesthetic,  and  the  hair  shaved 
over  the  front  of  the  scalp  and  the  skin  carefully  sterilised.  An  imaginary 
line  from  one  auditory  meatus  to  the  other  is  taken,  and  the  point  at  which 
this  crosses  another  line  from  the  base  of  the  nose  to  the  occipital 
protuberance  is  noted.  From  this  point  a  line  is  drawn  to  the  outer  angle 
of  the  orbit ;  the  centre  of  this  line  is  situated  in  front  of  the  motor 
area,  and  is  the  site  for  inoculation.  An  incision  is  made  down  to  the  bone, 
and  a  hole  drilled  in  the  skull  with  a  small  Archimedean  drill  of  a  slightly 
larger  diameter  than  the  needle  of  the  syringe.  The  syringe  has  a  screw 
piston,  and  the  needle,  which  is  about  two  inches  long,  has  a  rounded  point. 
The  needle  and  the  syringe  are  connected  together  by  a  few  inches  of  rubber 
tubing.  The  needle  is  inserted  into  the  brain  substance  as  deep  as  it  will  go. 
The  antitoxiue  is  very  slowly  injected,  so  as  to  avoid  injury  to  the  brain 
substance.  About  ten  minutes  should  be  employed  in  injecting  2  or  3  c.c. 
The  edges  of  the  wound  are  secured  by  stitches,  and  the  wound  sealed 
with  collodion.  The  same  operation  is  repeated  on  the  opposite  side.  The 
antitoxine  should  be  double  the  strength  of  ordinary  toxine :  about  2-?,-  c.c. 
are  injected  into  each  aperture.  Most  rigid  aseptic  precautions  should  be 
taken.  A  case  has  already  been  recorded  in  which  the  intracerebral 
injection  of  antitoxine  was  followed  by  cerebral  abscess. 

When  dried  serum  is  used,  it  should  be  dissolved  in  water  which  has 
been  boiled  and  allowed  to  cool,  and  every  precaution  should  be  taken  to 
prevent  contamination. 

Dose. — The  dose  of  Behring's  antitoxine  is  5  grms.  of  the  dried  serum  ; 
the  dose  of  Tizzoni's  serum  is  2 A  grms ;  the  dose  of  the  Jenner  Institute 
serum  is  10  to  20  c.c.  The  injections  may  be  repeated — first  every  six 
or  twelve  hours,  and  afterwards  at  longer  intervals,  according  to  the  pro- 
gress of  the  case. 

The  same  ill  effects  may  arise  after  the  injection  of  tetanus  antitoxine 
as  after  that  of  diphtheric  antitoxine  (q.v.,  p.  788).  If  absolute  asepsis 
is  not  insured,  the  intracerebral  injection  of  antitoxine  may  be  followed 
by  the  formation  of  a  cerebral  abscess. 

Tetanus  antitoxine  as  a  prophylactic. — In  wounds  liable  to  tetanus 
from  contamination  with  earth,  antitoxine  may  be  used  as  a  prophylactic. 
It  is  impossible  to  bring  forward  evidence  of  the  prophylactic  value  of  anti- 
toxine, as  we  do  not  know  how  frequently  contaminated  wounds  are  followed 
by  tetanus  with  the  ordinary  methods  of  treatment. 
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PASTEUII'S  TREATMENT  OF  EABIES. 

Although  there  is  every  reason  to  believe  that  rabies  is  caused  by  a 
micro-organism,  it  has  not  yet  been  discovered. 

The  incubation  period  in  man  is  most  frequently  about  four  months, 
but  it  may  be  as  short  as  thirteen  days  or  as  long  as  twenty-seven  months. 
The  disease  usually  passes  through  three  stages  —  the  melancholic,  the 
convulsive,  and  the  paralytic ;  but  in  rare  instances  the  disease  commences 
and  terminates  with  the  paralytic  stage.  In  rabbits  the  disease  takes  the 
form  of  paralysis,  which  starts  in  the  lower  limbs  and  gradually  passes  up- 
wards until  it  involves  the  respiratory  centre. 

The  virus  is  sometimes  found  in  the  blood,  urine,  and  various  secretions, 
and  is  constantly  present  in  the  central  nervous  system  of  animals  dying  of 
rabies.  If  an  emulsion  made  from  the  medulla  or  spinal  cord  of  an  infected 
animal  be  injected  under  the  dura  mater  of  a  rabbit,  the  animal  invariably 
dies  of  rabies.  Inoculation  into  the  subcutaneous  tissue,  the  veins,  or  the 
peritoneal  cavity  is  less  certain  to  cause  infection. 

The  incubation  period  in  rabbits  varies  with  the  intensity  of  the  virus ; 
but  if  the  virus  is  passed  through  a  number  of  rabbits  in  succession,  it  at 
last  becomes  fixed  in  intensity.  With  a  "  fixed  virus  "  the  incubation  period 
is  six  or  seven  days,  and  the  animal  dies  on  the  tenth  day  after  inoculation. 
It  is  necessary  to  pass  the  virus  through  about  eighty  rabbits  in  order  to 
render  it  of  fixed  intensity. 

Pasteur  found  that  dogs,  when  inoculated  with  small  quantities  of  an 
emulsion  of  the  spinal  cord  of  rabbits  recently  dead  of  the  disease,  become 
affected  with  rabies;  if  larger  quantities  were  used,  the  animals  were 
not  affected,  but,  on  the  other  hand,  were  rendered  immune.  He  also  found 
that  drying  the  spinal  cord  caused  it  to  become  gradually  less  virulent,  as 
determined  by  the  postponement  of  death;  and  a  cord  when  dried  for  twelve 
days  no  longer  caused  death  in  rabbits.  He  further  found  that  dogs  could 
be  vaccinated  by  inoculating  them  with  cords  dried  for  twelve  days.  He 
explained  these  facts  by  assuming  that  the  cord  contained  both  living 
micro-organisms  and  immunising  substances,  the  former  only  being 
destroyed  by  drying;  and  when  a  large  quantity  of  a  virulent  cord  is  used 
for  inoculation,  sufficient  immunising  substance  is  introduced  to  counteract 
the  effect  of  the  living  micro-organisms. 

Therapeutics. — Pasteur's  treatment  of  rabies  is  based  upon  this 
theory.  It  consists  in  the  injection  of  emulsions  of  dried  cords  taken 
from  rabbits  which  have  died  from  rabies.  The  rabbits  are  inoculated  by 
making  a  small  trephine  hole  in  the  skull,  and  injecting  under  the  dura 
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mater  a  small  portion  of  the  "  fixed  virus."  The  cords  are  removed  after 
death,  and  are  suspended  in  bottles  containing  a  little  caustic  potash  to 
absorb  the  moisture.  After  the  requisite  number  of  days  the  cords  are 
made  into  an  emulsion  with  a  little  sterile  broth,  which  is  injected  under 
the  skin  of  the  abdomen  of  the  patient  with  careful  aseptic  precautions. 

Two  methods  of  inoculation  are  adopted  :  the  simple  method,  for  bites  of 
moderate  severity,  and  the  intensive  method,  for  severe  bites,  and  for  bites  on 
the  face.  In  the  simple  method,  on  the  first  day,  an  injection  is  made  with 
an  emulsion  of  a  cord  dried  for  fourteen  days  and  of  a  cord  dried  for  thirteen 
days ;  on  the  second  day,  cords  dried  twelve  and  eleven  days ;  on  the  third 
day,  cords  dried  ten  and  nine  days;  and  so  on,  the  last  injection  being  made 
with  cords  dried  for  three  days.  The  whole  treatment  takes  sixteen  days. 
In  the  intensive  methods,  cords  dried  fourteen,  thirteen,  twelve,  and  eleven 
days  are  used  for  the  first  injection,  and  the  whole  treatment  takes  twenty 
days.  At  the  site  of  injection  slight  tenderness  and  inflammation  may 
occur,  but  the  patients  are  not  otherwise  inconvenienced. 

The  value  of  the  treatment  is  now  well  established  by  the  statistics  of 
various  Pasteur  Institutes  situated  in  many  different  parts  of  the 
world.  The  mortality  of  persons  bitten  by  rabid  domestic  animals,  such 
as  dogs  and  cats,  is  about  15  per  cent,  when  the  usual  methods  of  treat- 
ment are  adopted,  while  the  mortality  of  persons  bitten  by  rabid  wolves  is 
about  60  per  cent.  The  statistics  of  the  Pasteur  Institute,  which  are 
recorded  and  analysed  in  the  Annales  of  the  Pasteur  Institute,  show  a 
mortality  which  varies  from  O22  to  0'94  per  cent,  among  all  patients  who 
have  undergone  the  treatment  in  the  period  1886-89.  Gamaleia  collected 
statistics  of  119  persons  bitten  by  rabid  wolves  and  treated  by  Pasteur's 
method,  and  found  a  mortality  of  6 '72  per  cent. 

Pasteur's  treatment  is  prophylactic  and  not  curative ;  it  prevents  the 
development  of  rabies,  but  it  is  of  no  value  when  symptoms  have  once 
supervened. 

SERUM  THERAPY  OF  EABIES. 

It  has  been  shown  by  Babes,  Lepp,  Tizzoni,  Schwarz,  and  Centanini  that 
the  blood  serum  of  animals  immunised  to  rabies  possesses  definite  protect- 
ive properties.  It  is  possible  that  an  antirabic  serum  may  be  of  value  in 
the  treatment  of  rabies  after  the  symptoms  have  appeared,  or  may  supersede 
Pasteur's  method  in  the  prophylaxis  of  the  disease. 

INOCULATION  AGAINST  TYPHOID  AND  ANTITYPHOID  SERUM. 

Typhoid  fever  in  man  is  due  to  infection  with  the  typhoid  bacillus.  The 
bacillus  is  especially  localised  in  the  Peyer's  patches  and  solitary  follicles 
of  the  intestine,  in  the  mesenteric  glands,  and  in  the  spleen ;  but  in  severe 
cases  it  is  widely  disseminated  over  the  body,  being  found  in  small  numbers 
in  the  blood  and  the  various  organs.  Hitherto  it  has  been  found  impossible 
to  reproduce  the  clinical  and  pathological  features  of  typhoid  fever  in 
animals  by  inoculation  with  the  bacillus,  but  the  intraperitoneal  inocula- 
tion of  guinea-pigs  with  living  cultivations  causes  peritonitis  and  death. 

The  filtrate  from  recent  cultivations  of  the  typhoid  bacillus  is  practically 
non-toxic  to  animals.  The  bodies  of  the  bacilli,  however,  contain  a  toxine, 
and  if  the  bacilli  from  an  agar  cultivation  are  destroyed  by  chloroform, 
they  are  still  capable  of  causing  death  when  introduced  into  the  peritoneal 
cavity  or  the  subcutaneous  tissue  of  guinea-pigs.  This  poison  slowly 
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diffuses  out  of  the  bodies  of  the  bacilli  into  the  surrounding  media,  for  the 
filtrate  from  old  broth  cultivations  is  toxic.  Guinea-pigs  can  be  immunised 
against  living  bacilli  by  intraperitoneal  injections  of  killed  bacilli  or  sub- 
minimal  lethal  doses  of  living  bacilli. 

The  blood  serum  of  immunised  guinea-pigs  possesses  definite  protective 
properties  against  living  bacilli,  but  not  against  bacterial  toxines, —  it 
possesses  antibacterial  but  no  antitoxic  properties.  Wright  and  Semple 
have  applied  to  man  the  methods  of  immunisation  of  animals. 

The  vaccine  which  was  first  employed  consisted  of  an  emulsion  made 
in  sterile  broth  from  a  twenty-four  hours'  old  agar  cultivation  of  the  typhoid 
bacillus.  This  emulsion  was  subjected  to  a  temperature  of  60°  C.  for  five 
minutes,  which  rendered  it  sterile.  This  method  has  now  been  modified,  a 
two  or  three  weeks'  old  broth  cultivation  being  used  instead  of  an  agar 
cultivation.  The  virulence  of  the  cultivations  is  maintained  by  passages 
through  guinea-pigs.  After  sterilising  by  heating  to  60°  C.,  the  vaccine  is 
placed  in  capsules  or  in  bottles,  lysol  or  carbolic  acid  in  strength  of  0'5  per 
cent,  having  been  previously  added. 

The  vaccine  is  standardised — (1)  by  determining  its  opacity,  which 
gives  an  idea  of  the  number  of  undissolved  bacteria  present,  and  (2)  by 
testing  its  toxicity  on  guinea-pigs.  The  strongest  vaccine  sent  out  kills  a 
guinea-pig  of  300  grms.  when  injected  into  the  subcutaneous  tissue  in 
doses  of  1*5  c.c.,  and  the  weakest  in  doses  of  6  c.c. 

Dose. — The  dose  for  man  is  guided  by  these  considerations.  About  |  c.c. 
of  the  strongest  vaccine  and  \\  of  the  weakest  vaccine  is  usually  employed. 
The  vaccine  is  sent  out  in  small  capsules  containing  a  single  dose,  or  in 
larger  bottles  containing  several  doses,  by  the  Pathological  Department  of 
the  Army  Medical  School  at  Netley,  with  full  directions  as  to  dosage  and 
administration.  The  inoculation  is  made  with  strict  aseptic  precautions 
into  the  subcutaneous  tissue  of  the  abdomen. 

Effects. — The  effect  of  the  inoculation  is  local  swelling  and  stiffness, 
coming  on  in  three  or  four  hours.  The  skin  may  become  reddened,  and  red 
lines  indicating  inflamed  lymphatic  vessels  may  appear.  In  forty-eight 
hours  the  inflammation  usually  subsides.  In  addition  to  the  local  inflam- 
mation, constitutional  symptoms  develop.  These  consist  of  feelings  of 
faintness  and  collapse,  coming  on  in  three  or  four  hours,  accompanied  by 
pyrexia.  The  temperature  varies  from  100°  to  104°  F.,  the  usual  temperature 
being  about  102°  F.  The  temperature  usually  subsides  in  twelve  hours,  but 
it  may  continue  for  a  longer  period.  On  account  of  the  constitutional 
effects,  it  is  well  to  perform  the  inoculation  in  the  evening,  so  that  the 
patient  can  go  to  bed  immediately  symptoms  develop.  As  a  rule  he  is  well 
again  by  the  morning,  but  should  the  pyrexia  continue  he  ought  to  be  kept 
in  bed  until  it  subsides.  It  is  well  to  give  a  second  inoculation  at  the  end 
of  a  week. 

That  the  vaccination  exerts  a  powerful  influence  upon  the  system,  is 
shown  by  the  power  it  confers  upon  the  blood  of  agglutinating  the  typhoid 
bacillus.  Similar  agglutinating  powers  are  fcnmd  in  the  blood  of  immunised 
rabbits. 

Efficacy. — It  is  impossible  at  present  to  arrive  at  a  definite  con- 
clusion as  to  the  efficacy  of  inoculation  against  typhoid.  The  only 
statistics  hitherto  published  are  those  recorded  by  Wright  and  Leishman, 
referring  to  the  inoculation  of  soldiers  in  various  regiments  in  India. 
The  incidence  of  typhoid  fever  was  0'95  per  cent,  among  2835  men 
inoculated,  and  2-5  per  cent,  among  8460  men  who  had  not  been  inoculated  ; 
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while  the  death-rate  among  the  former  was  0'2  per  cent.,  and  among  the 
latter  0'34  per  cent. 

ANTITYPHOID  SERUM. — Cases  treated  with  antityphoid  serum  have  from 
time  to  time  been  reported  in  the  journals.  As,  however,  the  serum 
which  has  hitherto  been  used  does  not  appear  to  be  standardised,  it  is 
impossible  to  form  any  estimate  of  its  efficacy. 
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INOCULATION  AGAINST  CHOLERA  AND  CHOLERA  SERUM. 

Cholera  is  a  somewhat  peculiar  type  of  infective  disease.  The  cholera 
vibrio  multiplies  in  the  intestinal  canal,  but  does  not  penetrate  its  wall. 
The  symptoms  of  the  disease  appear  to  be  due  to  an  absorption  of  toxine 
and  to  the  shedding  of  the  intestinal  epithelium,  caused  by  the  presence 
of  the  vibrios.  Filtered  broth  ciiltivations  of  the  cholera  vibrio  are  very 
slightly  poisonous,  as  the  toxine  is  intracellular  and  is  not  diffused  into  the 
surrounding  medium.  This  intracellular  toxine  is  an  unstable  compound 
easily  destroyed  by  heat  and  chemicals.  It  is  best  obtained  by  exposing 
the  vibrios  from  an  agar  cultivation  to  the  action  of  chloroform  vapour, 
which  destroys  their  vitality  but  leaves  the  toxine  intact.  The  injection  of 
this  toxine  into  the  peritoneal  cavity  of  a  guinea-pig  causes  similar 
symptoms  to  those  produced  by  inoculation  with  living  cultivations, 
namely,  collapse  and  subnormal  temperature,  followed  by  death. 

A  true  intestinal  cholera  cannot  be  produced  in  animals  by  the  simple 
ingestion  of  cholera  vibrios.  This  is  partly  due  to  the  power  of  the  gastric 
juice  of  destroying  the  vibrios ;  for  if  the  latter  be  neutralised  with  an  alkali, 
and  opium  be  injected  into  the  peritoneal  cavity  of  guinea-pigs,  they  can 
be  rendered  susceptible  to  cholera  by  ingestion.  These  observations,  com- 
bined with  experiments  upon  human  beings,  which  have  shown  that 
injection  of  living  cultivations  only  occasionally  cause  cholera,  suggest  that 
some  predisposing  cause  is  necessary  for  the  production  of  cholera  in  man. 

In  1885,  Ferran  showed  that  very  young  guinea-pigs  could  be 
immunised  against  subcutaneous  inoculations;  and  in  1892,  Brieger, 
Kitasato,  Wassermann,  and  Haffkine  made  similar  observations  with  regard 
to  intraperitoneal  inoculation  of  adult  guinea-pigs.  Ferran  in  Spain  applied 
his  method  of  immunisation  to  the  inoculation  of  man.  Of  the  delegates 
sent  by  various  Governments  to  investigate  the  value  of  Ferran's  method, 
some  reported  favourably  and  others  unfavourably. 

In  1893  and  1894,  Haffkine  made  extensive  observations  in  India  upon 
a  method  of  vaccination  devised  by  himself.  He  uses  two  vaccines.  The 
first  vaccine  consists  of  an  emulsion  in  sterile  broth  made  from  cholera 
vibrios  which  have  been  attenuated  by  cultivating  at  39°  C.  on  media  over 
which  air  is  drawn  by  an  aspirator.  The  second  vaccine  consists  of  an 
emulsion  in  sterile  broth  of  a  fresh  agar  cultivation  of  virulent  vibrios. 
The  virulence  of  the  vibrios  is  raised  to  a  constant  pitch  by  repeated 
passages  through  the  peritoneal  cavity  of  guinea-pigs  (vide  A.  E.  Wright 
and  D.  Bruce,  loc.  cit.).  As  these  vaccines  consist  of  living  vibrios,  they 
must  be  obtained  from  a  bacteriological  laboratory,  and  must  be  used 
immediately  after  they  have  been  made. 
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Dose. — The  dose  is  an  eighth  part  of  an  emulsion  made  in  sterile  broth 
from  the  whole  of  an  agar  cultivation  which  has  been  incubated  for  twenty- 
four  hours  at  35°  C.  The  vaccines  are  injected  into  the  subcutaneous 
tissue  of  the  abdomen  by  means  of  a  syringe  capable  of  holding  two  or 
three  cubic  centimetres.  The  operation  is  performed  under  aseptic  pre- 
cautions, the  skin  being  carefully  sterilised  by  means  of  soap  and  water  and 
an  antiseptic  solution ;  and  the  syringe  is  boiled  just  before  use.  The  second 
vaccine  is  injected  five  days  after  the  first,  or  later. 

The  result  of  the  first  vaccination  is  a  tenderness  at  the  site  of  inocu- 
lation, accompanied  by  malaise  and  elevation  of  temperature  to  101  or 
102°  F.,  which  comes  on  between  the  third  and  twelfth  hour.  The  pyrexia 
and  malaise  subside  in  twelve  to  thirty-six  hours,  but  painful  induration 
may  last  at  the  site  of  inoculation  for  several  days.  The  second  vaccina- 
tion causes  similar  but  less  marked  symptoms.  If  the  first  vaccination  has 
caused  an  excessive  reaction,  e.g.  a  temperature  as  high  as  104°  F.,  the  dose 
of  the  second  vaccine  is  reduced  to  about  two-thirds  of  that  usually 
employed. 

Value  of  vaccination. — Haffkine  has  inoculated  some  40,000  indivi- 
duals in  India.  In  the  neighbourhood  of  Calcutta  some  8000  cases  were 
inoculated,  and  were  carefully  observed  by  W.  J.  Simpson  during  a  period 
of  two  years.  The  incidence  of  cholera  among  the  inoculated  was  com- 
pared with  that  amongst  the  uninoculated  living  under  similar  conditions. 
From  this  it  would  appear  that  for  the  first  four  days  following  the  treat- 
ment, and  after  the  421st  day,  there  was  no  marked  difference  between 
the  inoculated  and  uninoculated  with  regard  to  the  deaths  from  cholera. 
But  between  the  fourth  and  the  421st  day  after  the  treatment,  the 
number  of  deaths  from  cholera  was  22'62  times  smaller  amongst  the 
inoculated  than  among  the  uniuoculated. 

Although  vaccination  does  diminish  the  actual  number  of  deaths  from 
cholera,  this  is  due  to  the  smaller  number  of  people  attacked,  and  not 
to  an  alteration  in  the  case  mortality.  A  vaccinated  person  when  attacked 
with  cholera  appears  to  run  as  much  risk  of  a  fatal  termination  as  one 
who  has  not  been  vaccinated.  This  appears  both  from  the  Calcutta 
statistics  as  well  as  from  other  sources. 

CHOLERA  SERUM. — The  blood  serum  of  guinea-pigs  immunised  to  cholera 
possesses  marked  protective  powers ;  and,  as  Kolle  and  Pfeiffer  have 
shown,  the  serum  of  human  beings  after  the  first  inoculation  possesses 
similar  properties.  Cholera  serum  is  antibacterial,  but  not  antitoxic.  It 
protects  against  the  living  vibrios,  but  not  against  their  toxines.  On  account 
of  the  acute  course  of  cholera,  and  on  account  of  the  absence  of  antitoxic 
properties,  the  serum  does  not  appear  to  be  of  any  value  in  the  treatment 
of  cholera. 
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INOCULATION  AGAINST  PLAGUE  AND  PLAGUE  SERUM. 

Plague  is  a  septic  type  of  disease.  The  bacillus  does  not  produce  in 
articifial  cultivations  powerful  toxines  like  those  of  diphtheria  and  tetanus. 
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The  filtrate  from  fresh  broth  cultivations  is,  as  a  rule,  innocuous  to 
animals ;  but  the  filtrate  from  a  cultivation  which  has  been  kept  in  the 
dark  for  five  or  six  weeks,  or  an  emulsion  made  from  an  agar  cultivation 
in  which  the  bacilli  have  been  killed  by  chloroform,  is  toxic.  It  would 
appear  from  this  that  the  toxine  resides  in  the  bodies  of  the  bacilli,  and 
is  slowly  dissolved  out  by  maceration  in  broth. 

A  large  number  of  animals  are  susceptible  to  inoculation  with  the 
plague  bacillus,  the  introduction  of  living  bacilli  under  the  skin  causing 
similar  lesions  to  those  met  with  in  bubonic  plague  in  man.  Yersin, 
Calmette,  and  Borell  showed  that  animals  could  be  immunised  against 
plague  by  injecting  into  the  veins,  or  into  the  peritoneal  cavity,  cultivations 
killed  by  heat. 

HAFFKINE'S  PROPHYLACTIC. — Haffkine  has  applied  to  man  a  method  of 
vaccination  against  the  plague  based  upon  the  experimental  facts  above 
mentioned. 

The  vaccine  is  a  cultivation  in  broth  which  has  been  destroyed  by 
heat,  and  is  prepared  in  the  following  way: — The  cultivation  is  made 
in  a  flask  containing  broth  to  which  a  little  cocoa-nut  oil  has  been  added. 
In  such  a  medium  the  growth  occurs  in  flakes  growing  downwards  from 
the  oil  in  a  stalactite-like  fashion.  After  five  or  six  days  the  growth  is 
shaken  to  the  bottom,  and  a  fresh  crop  allowed  to  grow  from  the  surface. 
This  process  is  repeated  periodically  during  five  or  six  weeks.  The 
cultivation  is  heated  to  65°  to  70°  C.  for  a  short  time  in  sealed  glass  bulbs, 
and  after  the  addition  of  carbolic  acid,  in  the  proportions  of  £  per  cent., 
the  vaccine  is  ready  for  use.  It  contains  the  toxines  contained  in  the 
bodies  of  the  bacteria,  and  those  which  are  produced  in  or  diffused  into 
the  surrounding  medium,  which  are  so  modified  as  to  be  almost  entirely 
non-pathogenic  to  susceptible  animals. 

The  vaccine  is  injected  with  strict  aseptic  precautions  into  the  sub- 
cutaneous tissue,  preferably  of  the  arm. 

Dose.  — The  dose  of  the  prophylactic  of  standard  strength  is  2'5  c.c.  for 
an  adult  male,  and  2  c.c.  for  a  female.  For  an  infant  one  year  old  O'l  c.c. 
is  given,  and  for  every  year  older  another  O'l  c.c.  is  added.  For  a  person 
in  a  weak  state  of  health  a  smaller  dose  is  given  at  first,  and  subsequently 
a  second  injection  may  be  given.  There  does  not  appear  to  be  any  exact 
method  of  standardising  the  prophylactic,  so  that  with  each  new  batch  of 
vaccine  it  is  necessary  to  test  the  strength  by  the  reaction  caused  in  the 
human  subject. 

Reaction. — From  three  to  five  hours  after  inoculation  there  is  a  rise  of 
temperature  to  102°,  103°,  or  104°  F.,  with  pain  and  swelling  at  the  site  of 
inoculation,  and  general  malaise.  The  temperature  subsides  in  twenty- 
four  to  thirty-six  hours,  but  the  pain  and  swelling  remain  for  several  days. 
If  the  temperature  does  not  rise  as  high  as  102°  in  several  individuals, 
then  the  prophylactic  is  not  up  to  the  standard  potency,  and  larger  doses 
must  be  given.  It  is  well  to  give  a  second  injection  at  the  end  of  about 
a  week,  using  either  the  same  dose  or  a  larger  one,  in  accordance  with  the 
reaction  produced  by  the  first.  The  only  ill  effects  observed  have  been  in 
a  few  cases  a  somewhat  severe  reaction,  the  highest  temperature  observed 
by  Haffkine  being  105°. 

Efficacy. — The  prophylactic  has  b'een  shown  by  Haffkine  to  protect 
rabbits  against  inoculation  with  virulent  cultivations.  In  a  few  days 
the  animal  is  able  to  resist  inoculation  with  ten  to  fifteen  fatal  doses. 
It  must  be  remembered  that  the  rabbit  is  not  very  susceptible  to  plague, 
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so  that  this  test  of  the  efficacy  of  the  vaccination  is  not  very  severe. 
The  German  Commission  reported  that  by  experiments  on  monkeys 
they  found  the  sediment,  i.e.  the  dead  bodies  of  the  bacilli,  in  Haffkine's 
prophylactic  to  be  protective,  but  that  the  fluid  part  possessed  no  pro- 
tective properties.  This  agreed  with  their  observations  upon  filtered 
broth  cultivations  and  agar  cultivations  killed  by  exposure  to  a  tempera- 
ture of  51°  C.,  or  to  chloroform  vapour  and  subsequent  addition  of  ^  per 
cent,  carbolic.  They  found  that  the  killed  cultivations  were  distinctly 
protective,  but  the  filtered  cultivations  were  not  so  at  all.  These  experi- 
ments are  encouraging,  as  suggesting  that  it  may  be  possible  in  the  future 
to  increase  the  efficacy  of  inoculation  by  adopting  a  different  method  for 
preparing  the  vaccine. 

In  India  over  80,000  people  have  been  vaccinated.  Haffkine,  under 
whose  auspices  these  inoculations  have  been  made,  estimated  that  the 
difference  in  the  mortality  from  plague  between  the  inoculated  and 
uninoculated  is  on  an  average  80  per  cent.  The  case  mortality  has  been 
reduced  by  50  per  cent.  He  estimates  that  the  protection  lasts  at  least 
during  one  epidemic,  which  is  usually  from  four  to  six  months,  and  that 
it  may  last  considerably  longer. 

There  are  three  instances  in  which  the  proof  of  the  value  of  the 
vaccination  does  not  appear  to  be  open  to  adverse  criticism.  The  first 
instance  was  in  the  Byculla  House  of  Correction  at  Bombay.  Plague 
broke  out,  and  154  prisoners  were  inoculated,  while  183  refused  inocu- 
lation. After  the  day  of  inoculation  twelve  cases  with  six  deaths  occurred 
among  the  uninoculated,  and  two  cases,  both  of  which  recovered,  among 
the  inoculated.  The  next  instance  was  in  the  Unerhadi  Common  Jail 
at  Bombay.  Plague  broke  out,  and  half  the  prisoners  were  inoculated. 
Plague  continued  to  occur  for  thirty  days  subsequent  to  the  inoculation. 
Among  the  uninoculated,  ten  cases  of  plague  with  six  deaths  occurred, 
and  among  the  inoculated  there  were  only  three  cases,  all  of  whom  re- 
covered. The  third  instance  was  at  Undhera,  where  plague  was  prevalent. 
Half  of  the  males,  half  of  the  females,  and  half  of  the  children  in  each 
household  were  inoculated,  odd  numbers  in  one  household  being  com- 
pensated in  another.  Of  sixty-four  uninoculated  individuals  there  were 
twenty-seven  cases  with  twenty-six  deaths,  and  of  the  seventy-one  inocu- 
lated there  were  eight  cases  with  three  deaths. 

We  think  that  there  can  be  no  question  whatever  of  the  efficacy  of 
vaccination  against  plague,  and  we  believe  that  more  favourable  results 
will  be  obtained  in  the  future  when  better  methods  of  standardising  the 
prophylactic  have  been  obtained,  and  when  improvements  in  the  method  of 
preparation  have  been  introduced. 

The  protection  in  the  human  subject  appears  to  begin  to  be  exerted 
within  a  few  days  of  inoculation.  In  monkeys  the  German  Commission 
found  that  protection  was  first  well  marked  on  the  seventh  day  after 
vaccination. 

PLAGUE  SERUM. — Borell,  Calmette,  and  Yersin  were  the  first  to  show 
that  the  serum  of  immunised  animals  was  protective,  and  possessed  thera- 
peutic properties.  By  immunising  a  horse  they  obtained  a  serum  in 
sufficient  quantities  for  the  treatment  of  the  human  subject.  The  German 
Commission  upon  plague  have  shown  that  this  serum  is  protective  in 
monkeys  and  possesses  curative  properties.  When  injected  in  doses  of 
10  c.c.,  it  protected  monkeys  which  had  been  inoculated  twenty-four  hours 
previously  with  virulent  cultivations. 
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Properties.  —  Plague  serum  possesses  antibacterial  properties,  and, 
according  to  Ivoux,  it  possesses  antitoxic  properties,  which,  however,  \-.i\-\ 
with  the  method  of  preparation.  It  would  appear  that  the  antibacterial 
properties  are  more  marked  than  the  antitoxic.  The  serum  obtained  by 
Borell,  Calmette,  and  Yersin,  in  doses  of  -J^  c.c.,  injected  twelve  hours 
beforehand,  protected  mice  from  inoculation  with  virulent  bacilli ;  while 
15  c.c.  cured  the  animals  when  injected  twelve  hours  subsequent  to  inocu- 
lation. Wyssokowitz  and  Zabolotny  found  that  Yersin's  serum  cured 
monkeys  when  injected  as  late  as  two  days  after  inoculation,  and  when 
symptoms  of  plague  had  developed. 

Preparation. — The  serum  is  obtained  by  injecting  horses  with  living 
cultivations.  The  injection  should  be  made  into  the  veins,  as  necrosis  of 
the  tissues  is  set  up  by  subcutaneous  inoculation.  The  use  of  living  culti- 
vations is  attended  by  considerable  risk  to  those  engaged  in  preparing  the 
serum.  Eoux  has  attempted  to  obtain  a  protective  serum  by  the  injection 
of  killed  cultivations,  but  the  serum  thus  obtained  does  not  appear  to  be 
very  powerful. 

Dose. — The  dose  should  be  from  10  to  20  c.c.,  which  should  be  injected 
two  or  three  times  in  the  first  day  and  once  daily  on  subsequent  days. 
The  serum  should  be  administered  subcutaneously,  in  the  same  manner  as 
diphtheria  serum  (q.v.,  p.  786).  The  treatment  should  be  commenced  in 
as  early  a  stage  of  the  disease  as  possible. 

Efficacy. — Yersin  reported  twenty-six  cases  with  two  deaths  in  China. 
In  Bombay  and  Cutch-Mandvi,  141  patients  were  treated,  with  a  mortality 
of  49  per  cent.  The  mortality  was  lowest  in  those  treated  with  the  most 
powerful  serum.  The  mortality  in  cases  not  treated  appears  to  be  between 
60  and  90  per  cent.  Yersin  reports  at  Nhatrang  thirty-three  cases  treated, 
with  fourteen  deaths,  a  mortality  of  42  per  cent. ;  while  of  thirty-nine  not 
treated,  all  died.  But  further  experience  in  India  does  not  appear  to 
support  these  hopes.  Simpson  says  that  the  treatment  has  hitherto  practic- 
ally failed.  From  the  clinical  history  of  some  of  the  reported  cases  it 
appears  to  do  good  in  certain  cases,  while  in  others  it  has  no  effect,  being 
similar  in  this  respect  to  the  antistreptococcic  serum. 

The  protection  afforded  by  an  injection  of  serum  only  lasts  a  short  time, 
so  that  the  method  is  only  available  as  a  prophylactic  under  special 
circumstances.  The  German  Commission,  from  experiments  on  monkeys, 
came  to  the  conclusion  that  protection  lasted  for  at  least  four  days,  but 
had  disappeared  at  the  end  of  eight  days. 
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TUBERCULIN  AND  ANTITUBERCULOUS  SERUM. 

The  tubercle  bacillus  causes  a  chronic  form  of  inflammation  both  in 
man  and  in  animals,  and  it  possesses  the  power  of  destroying  the  in- 
flammatory cells  and  of  converting  them  into  caseating  material. 

Bacilli  which  have  been  killed  by  heat  are  capable  of  giving  rise  to 
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similar  inflammatory  nodules,  aud  various  toxic  substances  have  been 
obtained  from  the  bodies  of  the  tubercle  bacillus ;  of  these  substances  the 
most,  interesting  is  one  which  was  called  by  Koch,  tuberculin.  This 
substance  is  a  glycerin  extract  of  the  bodies  of  tubercle  bacilli.  The 
extract  is  purified  by  precipitating  with  alcohol  and  re-dissolving  in 
glycerin.  This  substance  is  toxic  to  healthy  animals  only  in  large  doses 
but  when  injected  in  minute  doses  into  tuberculous  animals  it  produces 
pyrexia  and  acute  inflammatory  changes  around  the  tuberculous  nodules, 
which  may  lead  to  necrosis.  After  the  inflammation  has  subsided,  the 
nodules  may  become  converted  into  fibrous  tissue,  and  thus  a  cure  of  the 
disease  may  result.  Tuberculin  acts  indirectly,  and  has  no  direct  effect 
upon  the  bacilli.  Products  obtained  from  other  bacteria  have  been  shown 
to  exercise  the  same  effect  as  tuberculin  upon  tuberculous  animals. 

Great  hopes  of  the  value  of  tuberculin  in  the  treatment  of  tuberculous 
affections  in  the  human  subject  were  at  first  entertained,  but  the  mass  of 
evidence  obtained  from  clinical  observations  has  shown  that  its  utility  is 
restricted  within  narrow  limits.  Further  experiments  upon  animals  have 
also  proved  that  it  is  exceedingly  difficult  to  cure  them  of  tuberculosis  by 
means  of  tuberculin.  As  far  as  human  tuberculosis  is  concerned,  the 
careful  use  of  tuberculin  has  a  beneficial  influence  in  certain  cases,  and 
may  sometimes  lead  to  cure.  The  cases  in  which  benefit  is  most  likely  to 
accrue  are  cases  of  lupus  and  tuberculous  joints.  In  tuberculous  lesions  of 
the  lungs  and  other  internal  organs,  the  use  of  tuberculin  brings  with  it 
the  danger  of  causing  necrosis  of  the  nodules,  or  of  setting  up  a  dis- 
seminated tuberculosis.  In  any  form  of  tubercle,  unless  a  small  dose  is 
used,  the  reaction  may  be  severe  and  even  fatal. 

Dose.  — Tuberculin  is  injected  into  the  subcutaneous  tissue  of  the  back 
between  the  shoulders.  The  dose  is  TTrVi7  c-c-  to  commence  with,  which 
may  be  gradually  increased  by  additions  of  y^Vir  c-c-  until  ^^  c.c.  is 
reached.  It  may  then  be  further  increased  by  additions  of  -5^  c.c.  until 
a  dose  of  y^  c.c.  is  reached,  when  larger  increases  may  be  made.  The 
ultimate  maximum  dose  should  not  as  a  rule  exceed  -j^-  c.c.  The  dilutions 
should  be  made  with  0'5  per  cent,  carbolic  acid. 

Tuberculin  is  now  chiefly  restricted  to  its  use  as  a  means  of  diagnosis 
of  doubtful  tuberculous  affections.  For  this  purpose  Beck  recommends 
starting  with  the  minimal  dose  of  10auc)  c.c.,  and  for  children  under  10, 
..^oo  c.c. ;  and  under  5,  ^-jnrg-  c.c.  In  healthy  individuals  such  doses  cause 
no  reaction,  but  with  tuberculous  individuals  a  rise  of  temperature  usually 
occurs,  and  this  may  be  accompanied  by  signs  of  inflammation  in  the  part 
affected.  With  the  reaction  there  is  not  infrequently  a  general  erythema. 
If  no  reaction  follows  the  first  injection,  another  injection  of  ^^  c.c.  is 
made  (for  children  under  10,  I010o  c.c. ;  under  5,  oinnr  °-c-)-  And  if  no 
reaction  then  occurs,  a  third  injection  of  y^j  c.c.  is  made  (for  children  under 
10,  ^1^  c.c.;  and  for  children  under  5,  y^Vo  c-c-)-  ^n  the  case  of  children 
under  5,  if  no  reaction  ensues,  a  fourth  injection  of  ^^  c.c.  should  be  given. 

The  injections  should  be  given  between  6  and  8  P.M.,  and  the 
temperature  next  day  taken  every  three  hours.  A  rise  of  temperature  of 
1°  F.  constitutes  a  reaction.  The  normal  temperature  should  be  ascer- 
tained for  two  days  previously.  Patients  with  irregular  temperatures,  or 
temperatures  over  100°'4  F.,  give  uncertain  results.  On  the  other  hand,  a 
reaction  even  with  the  minimal  dose  is  not  absolutely  pathognomonic  of 
tubercle,  as  a  reaction  sometimes  arises  with  other  affections. 

Tuberculin  is  much  used  for  diagnosis  in  tuberculous  disease  in  cattle. 
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TUBERCULIN  R — A  new  form  of  tuberculin  is  now  prepared  by  Koch. 
This,  which  he  calls  Tuberculin  K.,  is  prepared  by  breaking  up  the  bacilli 
from  cultivations  on  solid  media  in  an  agate  mortar,  and  then  extracting 
several  times  with  water.  The  liquid  contains  10  mgrms.  of  solid  material 
in  each  cubic  centimetre.  The  dose  is  1  mgrm.  to  start  with,  which  is 
increased  to  5  mgrms.,  and  then  to  10  mgrms.  The  dilutions  may  be  made 
with  20  per  cent,  glycerin  in  water. 

Tuberculin  R.  does  not  cause  such  severe  reaction  as  the  original 
tuberculin,  but  it  does  not  appear  to  be  more  successful  than  the  latter  in 
the  case  of  tuberculous  affections.  Living  tubercle  bacilli  have  been  found 
in  it,  so  that  its  use  is  attended  with  some  danger.  Unna  employs 
tuberculin  as  a  local  application  to  lupus,  and  reports  favourable  results 
following  its  use.  He  applies  it  in  the  form  of  a  soap  containing  5  to  20 
per  cent,  of  tuberculin. 

ANTITUBERCULOUS  SERUM. — Many  researches  have  been  undertaken 
with  the  object  of  producing  immunity  to  tubercle.  Animals  have  been 
injected  with  attenuated  cultivations,  with  dead  bacilli,  and  with  various 
products  obtained  from  cultivations.  In  a  number  of  instances  a  certain 
amount  of  immunity  has  been  obtained,  but  it  must  be  admitted  that 
hitherto  no  certain  method  of  producing  immunity  has  been  devised. 

Several  attempts  have  also  been  made  to  obtain  a  reliable  antituber- 
culous  serum.  Maragliano's  may  be  especially  mentioned  in  this  connection, 
as  it  is  the  one  which  has  been  most  extensively  employed  in  the  treat- 
ment of  phthisis.  It  is  prepared  from  dogs,  horses,  and  donkeys,  by 
injecting  a  mixture  of  productions  obtained — (1)  by  heating  cultivations 
of  tubercle  bacilli  to  100°  C. ;  (2)  by  filtering  cultivations  through  a 
Chamber-land  filter.  (1)  contains  the  bacterial  proteins,  and  (2)  the 
secreted  toxalbumins. 

After  six  months'  treatment  the  animals  withstand  the  intravenous 
injection  of  living  cultivations,  and  three  or  four  weeks  later  they  are  bled, 
and  the  serum  obtained.  This  serum  is  stated  to  be  antitoxic,  for  if  it 
is  mixed  with  tuberculin  the  mixture  no  longer  causes  a  reaction  when 
injected  into  the  tissues  of  a  tuberculous  subject.  The  serum  is  stated  to 
contain  1000  units  per  cubic  centimetre,  a  unit  being  the  quantity  of  serum 
sufficient  to  protect  a  guinea-pig  against  a  minimal  fatal  dose  of  tuber- 
culous protein.  It  has  been  used  for  the  treatment  of  various  tuberculous 
affections  in  the  human  subject,  and  in  many  cases  benefit  appears  to  have 
been  derived  from  its  use ;  but  a  more  extended  experience  is  necessary 
before  a  definite  judgment  can  be  given  of  its  value.  This  is  still  more 
necessary,  as  the  experimental  evidence  of  its  value  in  animals  is  very 
doubtful.  The  dose  is  1  c.c.,  given  at  first  every  day,  every  other  day,  and 
subsequently  daily,  and  the  quantity  may  be  gradually  increased. 
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ANTISTREPTOCOCCIC  SERUM. 

The  diseases  caused  by  the  Streptococcus  pyogenes  are  of  the  septic  type ; 
the  cocci  rapidly  multiply  at  the  site  of  inoculation,  invade  the  adjacent 
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tissues,  and  may  be  conveyed  by  the  blood  or  lymph  to  distant  parts. 
Potent  toxines,  such  as  are  formed  by  the  diphtheria  or  tetanus  bacillus, 
cannot  be  obtained  from  cultivations ;  indeed,  it  is  exceedingly  difficult 
to  obtain  a  toxine  which,  even  in  large  doses,  is  fatal  to  animals. 

By  using  suitable  methods  of  inoculation  with  living  cultivations  of 
approximate  virulence,  it  is  possible  to  produce  in  rabbits  similar  lesions  to 
those  met  with  in  the  human  subject  ;  for  example,  erysipelas,  septicaemia, 
and  peritonitis.  A  very  virulent  cultivation  gives  rise  to  septicaemia, 
whatever  method  of  inoculation  is  adopted,  the  blood  and  tissues  after 
death  being  crowded  with  cocci. 

Roger  was  the  first  to  show  that  the  blood  serum  of  immunised  rabbits 
possessed  the  property  of  protecting  rabbits  against  infection  with  the 
streptococcus,  if  injected  immediately  after  inoculation.  Mironoff  con- 
firmed these  results,  and  also  showed  that  the  serum  possessed  slight 
therapeutic  powers  when  injected  subsequent  to  inoculation.  Marmorek, 
in  the  year  1895,  was  the  first  to  give  a  detailed  description  of  the  pre- 
paration of  autistreptococcic  serum  on  a  large  scale.  For  this  purpose  he 
used  horses  and  donkeys,  and  with  the  serum  he  treated  a  number  of 
cases  of  streptococcal  infectious  in  the  human  subject.  Independently  of 
Ifarmorek,  Charrin  and  Eoger,  and  Denys  and  Leclef  prepared  serum  from 
horses  and  mules  with  which  they  treated  human  patients.  Bulloch  was 
the  first  in  this  country  to  give  a  full  account  of  the  preparation  of  the 
serum.  His  experiments  were  conducted  at  the  Jenner  Institute  of 
Preventive  Medicine  with  horses,  which  Ruffer  had  commenced  to  im- 
munise some  months  previously.  A  large  number  of  researches  have  been 
made  upon  antistreptococcic  serum  by  many  workers,  among  whom  we 
may  especially  mention  Gromakawsky,  Denys,  Petruschky,  Van  de  Yelde, 
Merieux  and  Nieumaiin,  and  Courmont  (vide  Cobbett). 

The  results  obtained  by  these  different  workers  were  by  no  means  in 
accord,  nevertheless  they  undoubtedly  proved  that  it  was  possible  to  obtain 
an  antistreptococcic  serum  possessing  definite  protective  powers. 

Preparation. — The  antistreptococcic  serum  is  prepared  either  from  the 
horse  or  the  donkey,  the  latter  being  less  suitable,  as  it  does  not  support 
inoculations  well.  Marmorek  obtained  a  weak  serum  by  the  injections  of 
cultivations  whose  vitality  had  been  destroyed  by  heat ;  but  in  order  to 
obtain  a  potent  serum  it  is  necessary  to  inoculate  with  living  cultivations 
of  high  virulence.  The  virulence  of  the  cultivation  is  raised  by  repeated 
passages  through  rabbits,  and  it  is  found  that  certain  strains  of  strepto- 
cocci are  much  more  easily  raised  in  virulence  than  others.  The  virulence 
can  be  preserved  by  cultivation  in  a  medium  consisting  of  human  blood 
serum  and  broth,  in  the  proportion  of  2  to  1  ;  or  in  a  medium  consisting 
of  2  parts  of  ascitic  fluid  and  1  part  of  broth.  The  streptococcus  used  by 
Marmorek  was  so  virulent  that  T^oV^o  c-c-  °f  the  cultivation  was  invari- 
ably fatal  to  rabbits. 

The  horses  are  inoculated  into  the  subcutaneous  tissue  of  the  shoulder, 
at  first  with  doses  of  about  1  c.c.,  which  are  subsequently  increased.  The 
treatment  is  continued  for  some  months,  ultimately  as  much  as  100  c.c. 
being  injected  at  a  time.  The  injections  give  rise  to  considerable  swelling, 
attended  with  pyrexia  and  malaise,  individual  horses  varying  in  their 
susceptibility.  The  serum  must  not  be  removed  until  some  time  after  the 
reaction  has  subsided,  for  Marmorek  found  that  during  the  febrile  stage, 
and  even  as  long  as  fifteen  days  afterwards,  the  serum  was  so  toxic  as  to 
kill  rabbits  in  doses  of  2  c.c.  This  observation  was  confirmed  by  Bulloch. 
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Standardisation. — The  potency  of  the  serum  is  ascertained  by  observing  ! 
the  smallest  quantity  which,  when  injected  twelve  to  eighteen  hours 
previously  into  the  peritoneal  cavity  of  a  rabbit,  will  protect  the  aiiinuil 
against  inoculation  with  a  tenfold  fatal  dose  of  a  living  cultivation.  This 
method  of  standardisation  is  not  altogether  satisfactory,  for  divergent, 
results  have  been  obtained  by  different  observers  when  working  with  the 
same  serum.  One  of  the  chief  difficulties  is  that  of  accurately  estimating 
the  minimal  fatal  dose.  This  is  ascertained  by  preliminary  experiments 
with  measured  quantities  of  highly  diluted  cultivations.  The  cocci  are 
liable  to  cohere  together  in  long  chains,  and  thus  it  is  difficult  to  distribute 
them  equally  in  high  dilutions. 

Dose. — Unfortunately  the  strength  of  the  serum  in  the  market  is  not 
always  stated.  Marmorek's  first  serum  was  of  such  a  strength  that  0*2  c.c. 
protected  rabbits  when  tested  in  the  manner  above  described,  while 
Bulloch's  serum  protected  in  doses  of  0'02  c.c.  We  possess  no  reliable 
data  with  regard  to  the  maintenance  of  the  potency  of  the  serum.  It 
appears,  however,  to  deteriorate  rather  quickly. 

Properties.— Antistreptococcic  serum  is  antibacterial ;  that  is  to  say,  it  \ 
protects  against  living  cocci,  but  it  does  not  appear  to  possess  antitoxic 
powers.  The  evidence  upon  which  this  latter  statement  rests  is,  however, 
not  very  strong,  inasmuch  as  it  is  difficult  to  obtain  a  toxine  sufficiently 
powerful  for  reliable  experiments.  Marmorek,  indeed,  stated  that  his 
serum  possessed  feeble  antitoxic  powers,  but  his  experiments  in  this  respect 
are  not  conclusive.  The  protective  power  of  the  serum  is  best  shown  by 
injecting  it  into  the  peritoneal  cavity  of  rabbits,  some  twelve  to  eighteen 
hours  previous  to  inoculation.  It  will  also  protect  when  injected  simul- 
taneously with  inoculation.  If  the  injection  is  made  subsequent  to  in- 
oculation, larger  quantities  are  requisite  to  protect.  Marmorek  found  that 
1  c.c.  would  protect  if  injected  three  hours  after  injection,  while  5  c.c. 
were  necessary  if  the  injection  was  delayed  another  two  hours. 

We  have  already  stated  that  discordant  results  have  been  obtained  by 
several  observers  as  to  the  protective  power  of  antistreptococcic  serum.  A 
serum  which  gave  good  experimental  results  in  the  hands  of  one  observer 
was  found  to  be  useless  by  another.  This  can  partly  be  explained  by  the  ' 
fact  that  a  serum  may  protect  against  the  particular  streptococcus  by 
means  of  which  it  has  been  obtained,  but  fails  to  protect  against  a 
streptococcus  derived  from  a  different  source. 

There  has  been  considerable  discussion  with  regard  to  the  unity  of 
the  streptococci  which  are  pathogenic  to  the  human  subject,  some  holding 
that  they  are  all  identical,  others  holding  that  there  are  more  than  one 
species.  At  one  time  it  was  thought  that  the  streptococcus  obtained  from 
cases  of  erysipelas  was  distinct  from  that  obtained  from  cases  of  septicaemia. 
A  differentiation,  according  to  the  lesion  from  which  the  coccus  is  derived, 
has  now  been  shown  to  be  unreliable.  The  same  streptococcus  may  pro- 
duce different  lesions,  according  to  the  susceptibility  of  the  individual  and 
the  mode  of  inoculation.  Nevertheless,  streptococci  when  obtained  from 
different  cases  may  differ  from  one  another  in  various  respects.  How  far 
these  differences  are  sufficient  to  constitute  separate  species  is  beyond  the 
scope  of  this  article,  and  is  indeed  a  matter  which  is  still  sub  judice. 
The  point  of  practical  importance  in  serum  therapy  is  the  fact  that  the 
serum  of  an  animal  immunised  against  a  streptococcus  will  protect  against 
this  particular  streptococcus,  but  will  not  necessarily  protect  against  a 
streptococcus  obtained  from  another  source.  Van  de  Velde  demonstrated 
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this  point  most  conclusively.  He  took  two  streptococci,  A.  and  P.,  and 
with  each  immunised  a  horse.  The  Serum  1*.  protected  against  Strepto- 
coccus P.,  but  not  against  Streptococcus  A.,  while  the  Serum  A.  protected 
uiMinst  Streptococcus  A.  and  to  a  slight  extent  against  Streptococcus  P. 
Immunising  a  horse  both  with  Streptococcus  A.  and  with  Streptococcus 
P.,  he  obtained  a  serum  which  protected  against  both. 

Therapeutics. — There  are  a  number  of  clinical  types  of  disease 
caused  by  the  Streptococcus  pyogcnes.  The  most  important  of  these  are 
erysipelas  and  various  septic  diseases.  Erysipelas  is  always  due  to  strepto- 
cocci, but  septic  diseases  may  be  due  to  other  causes.  Phlegmonous 
erysipelas,  puerperal  fever,  and  septic  affections  following  upon  scarlet 
fever  are  almost  invariably  caused  by  streptococci.  A  considerable 
number  of  all  cases  of  septiciemia  and  pyaemia,  however  contracted,  are 
caused  by  streptococci,  and  a  fairly  large  proportion  of  cases  of  infective 
endocarditis,  but  some  septic  troubles,  e.g.  acute  osteomyelitis,  are  generally 
due  to  the  Stapkylococcus  aureus. 

Any  case  of  streptococcal  infection,  whatever  the  anatomical  lesion, 
may  derive  benefit  from  treatment  with  antistreptococcic  serum. 

It  is  somewhat  difficult  to  estimate  the  value  of  the  treatment. 
Statistics  derived  from  the  published  cases  are  valueless,  as  the  unsuccess- 
ful cases  are  not  as  a  rule  recorded ;  and  the  diversity  in  the  clinical  type 
of  streptococcal  infections  is  also  adverse  to  statistical  evidence.  We 
must  therefore  rely  upon  clinical  experience.  A  careful  perusal  of  the 
literature  in  the  journals  cannot  fail  to  convince  one  that  in  certain  cases 
antistreptococcic  serum  has  a  very  marked  beneficial  influence.  On  the 
other  hand,  in  some  cases  it  exerts  no  influence  whatever  upon  the  course 
of  the  disease.  The  writer's  experience  coincides  with  these  statements. 
He  has  seen  cases  in  which  he  is  convinced  that  the  serum  has  saved  the 
patient's  life,  while  in  other  cases  it  has  not  done  the  slightest  good. 

The  fact  that  the  serum  will  not  protect  against  all  streptococci,  and 
that  we  cannot  at  present  tell  what  particular  variety  of  streptococcus 
we  are  dealing  with,  affords  sufficient  explanation  of  the  diverse  action  of 
the  serum.  Besides,  it  must  be  remembered  that  the  strength  of  the 
various  sera  in  the  market  is  not  as  a  rule  guaranteed,  and  that  some 
samples  are  probably  very  weak. 

We  will  refer  to  a  few  of  the  published  cases  in  which  the  value  of  the 
treatment  is  well  exemplified.  It  would  appear  from  the  large  number  of 
successful  cases  recorded,  that  the  serum  is  especially  beneficial  in  puerperal 
fever.  It  is  impossible  here  to  refer  to  all  these  cases,  but  as  examples  of 
success  of  the  treatment,  we  will  mention  the  cases  recorded  by  H.  L.  J. 
Leask,  W.  Ashley  Cummings,  and  by  Nolan  Daly.  Cases  of  pyaemia 
successfully  treated  with  serum  have  been  recorded  by  Lawford  Knaggs 
and  by  Herbert  M.  Kainsay.  Ballauce  and  Abbott  recorded  the  successful 
case  of  a  medical  man,  who  contracted  acute  septicaemia  when  making  a 
post-mortem  examination  upon  a  case  of  acute  peritonitis.  Somewhat 
similar  cases  have  also  been  recorded  by  Bokenham,  and  by  Coleman  and 
Wakeling.  In  all  three  recovery  was  apparently  due  to  the  serum.  It 
is  interesting  to  notice  that  the  patients  were  medical  men  who  had  con- 
tracted septicaemia  from  cases  of  peritonitis,  two  of  which  were  puer- 
peral. 

Cases  of  erysipelas  successfully  treated  have  been  recorded  by 
Bokenham,  Magill,  and  by  the  writer. 

Cases  of  infective  endocarditis  successfully  treated  have  been  recorded 
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by  Sainsbury,  and  by  the  writer.  The  last  case  was  interesting,  from  the 
large  amount  of  serum  given,  altogether  1030  c.c.,  in  fifty-nine  doses. 

The  chief  effects  observed  after  injection  are  a  fall  in  temperature  and 
a  general  improvement  in  the  patient's  condition.  In  many  acute  cases, 
either  one  or  the  other,  or  both  of  these  effects,  has  been  observed  after 
each  injection.  In  more  chronic  conditions,  such  as  infective  endocarditis, 
improvement  may  be  more  gradual,  and  is  only  apparent  some  time  after 
the  commencement  of  the  treatment. 

Dose. — The  serum  is  administered  in  the  same  way  as  the  diphtheria 
antitoxine.  The  dose  is  from  10  to  30  c.c.  In  acute  cases  it  may  be  given 
two  or  three  times,  and  in  chronic  cases  once  a  day.  When  possible  it  is 
better  to  inject  the  serum  near  the  site  of  the  lesion,  for  Denys  and 
Marchand  showed  that  in  experimental  erysipelas  in  rabbits,  this  method 
was  more  efficacious. 

After-effects. — Similar  after-effects  may  result  from  the  injection  of 
antistreptococcic  serum  as  from  the  injection  of  diphtheria  antitoxine 
(p.  788).  Purpura  arising  after  injection  may  be  due  to  the  disease,  and 
not  to  the  serum,  as  in  the  case  reported  by  Ballance  and  Abbott,  in 
which  purpura  appeared  before  the  serum  was  administered. 
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[Owing  to  his  absence  in  South  Africa  as  Physician  to  the  Imperial  Yeomanry 
Hospital,  Dr.  J.  W.  Washbourn  was  unable  to  correct  the  proof  of  his  article  on 
"  Serum  Therapy,"  but  I  was  fortunate  in  getting  Mr.  "W.  C.  Pakes  to  kindly 
read  it  through  for  him. — EDITOR.] 


ANTAGONISM. 

THE  phenomena  of  antagonism  of  drugs  is  a  matter  of  such  interest,  that 
although  most  examples  of  it  have  been  already  discussed  under  the 
individual  drugs,  it  will  be  well,  now  that  all  the  drugs  have  been 
described,  to  direct  the  reader's  attention  to  a  few  general  considerations. 

Drugs  show  such  marked  differences  in  the  effects  which  they  severally 
produce  in  living  organisms,  that  it  is  possible  to  select  two  drugs,  or 
roups  of  drugs,  which  set  up  directly  opposed  effects.  In  some  cases  the 
one  drug  is  able  to  remove  the  poisonous  effects  of  the  other,  and  to  cause, 
in  the  animal,  its  own  characteristic  action,  which  in  turn  may  be  renewed 
and  replaced  by  the  peculiar  effects  of  the  first.  Such  a  counter-action  is 
mown  as  antagonism,  and  the  drugs  are  said  to  be  antagonistic.  In  true 
ises  of  antagonism,  the  opposed  action  is  mutual ;  the  effect  of  the  one 
drug  can  be  reversed  by  the  other,  and  that  of  the  other  by  the  one. 

An  antidote  is  a  remedy  which  counteracts  the  effects  of  a  poisonous 
substance,  but  it  is  not  necessarily  a  true  antagonist.  An  emetic  is  a 
mechanical  antidote,  causing  the  removal  of  the  poison  from  the  stomach 
by  the  process  of  vomiting ;  chalk  is  a  chemical  antidote  to  oxalic  acid,  for 
it  forms  an  insoluble  compound,  calcium  oxalate.  In  the  case  of  antag- 
onists, there  is  no  evidence  of  mechanical  or  direct  chemical  action ;  the 
two  poisons,  mixed  in  a  glass  vessel,  do  not  form  an  inert  chemical  com- 
pound, but  remain  a  mixture  of  the  two  poisons.  An  antagonist  is  a 
physiological  or  dynamic  antidote,  its  action  is  bound  up  with  the  physio- 
logical activities  of  the  cells  of  the  body. 

In  the  strict  sense  of  the  term,  the  two  antagonistic  poisons  should  act 
in  contrary  directions  upon  one  and  the  same  anatomical  element.  The 
results,  however,  of  numerous  experiments  led  Eossbach  and  Husemann  to 
the  conclusion  that  there  is  no  case  of  antagonism  so  strict  and  exact  that 
one  of  the  poisons  should  act,  so  to  speak,  as  a  plus  and  the  other  as  a 
minus.  Even  in  the  marked  antagonism  of  atropine  and  pilocarpine,  there 
is  not  always  a  complete  restitution  of  the  submaxillary  gland  by  one  drug 
to  the  condition  which  obtained  before  the  action  of  the  other  drug,  for 
Langley  has  shown  that,  although  with  weak  doses  the  antagonism  of 
atropine  for  pilocarpine  is  perfect,  yet  large  doses  of  pilocarpine  paralyse 
the  chorda  tympani  and  the  inhibitory  fibres  of  the  vagus,  that  is,  the 
observed  physiological  effect  is  the  same  as  that  produced  by  atropine. 

Determination  of  antagonistic  value. — In  the  determination  of  the 
antagonistic  action  of  drugs  upon  an  animal,  considered  as  a  whole,  it  is 
necessary  to  show  that  the  one  drug  protects  the  animal  from  the  poisonous 
effects  of  the  other,  and  that  the  counteraction  is  mutual.  The  relative 
rates  of  absorption  must  be  taken  into  account,  for  two  drugs  may  be 
antagonistic,  but  yet  the  one,  owing  to  its  slow  absorption,  may  be  unable 
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to  protect  the  animal  from  the  poisonous  effects  of  the  other.  Further,  it 
is  necessary  in  all  experiments  upon  antagonism  to  perform  a  crucial  test. 
A  week  or  two  after  an  animal  has  been  saved  by  an  antagonistic  dru^ 
from  the  poisonous  effects  of  another  drug,  it  should  receive  a  similar  dose 
of  the  poison  alone;  if  death  then  result,  the  value  of  the  antagonistic 
drug  has  been  demonstrated.  It  is  important,  at  the  same  time,  to 
remember  that,  if  the  animal  has  been  subjected  to  experiments  with 
the  same  drug  for  a  considerable  period  of  time,  it  may  be  able  to  tolerate 
doses  which  would  be  lethal  to  an  ordinary  animal.  This  tolerance  of 
drugs  is  of  considerable  interest  in  relation  to  immunity,  and  is  considered 
in  other  parts  of  this  work  when  describing  individual  drugs,  for  example, 
morphine  and  arsenic. 

Animals  of  different  species  often  show  marked  differences  in  their 
susceptibility  to  the  action  of  poisons,  and  even  in  animals  of  the  same 
species  notable  idiosyncrasies  are  observed.  The  latter  fact  has  been  and 
is  constantly  proved  in  man.  H/ven  differences  in  the  environment  of  the 
animal,  such  as  the  season  of  the  year  and  temperature,  markedly  affect 
the  animal's  response  to  drugs  ;  this  is  especially  well  known  in  the  case  of 
frogs  and  hibernating  mammals. 

These  considerations  are  sufficient  to  indicate  some  of  the  sources  of 
fallacy  in  experiments  upon  the  antagonistic  action  of  drugs,  and  explain, 
in  great  measure,  the  discordant  results  obtained  by  different  observers. 

Direct  and  indirect  antagonists. — The  term  "  antagonism  "  has  been 
generally  used  in  a  wide  sense :  there  is  direct  antagonism,  in  which  one 
poison  counteracts  the  influence  of  another  poison  by  acting  upon  the 
same  tissues ;  there  is  indirect  antagonism,  in  which  the  one  poison  modifies 
the  action  of  the  other  by  acting  upon  some  part  of  the  body  only  acces- 
sorily,  but  at  the  same  time  seriously,  involved. 

In  experiments  upon  the  antagonistic  action  of  drugs,  it  is  necessary  to 
examine  the  effects  of  the  drugs  upon  the  separate  systems  of  the  body, 
for  two  drugs  acting  upon  one  organ  in  an  antagonistic  manner  do  not 
necessarily  so  act  upon  other  organs. 

Direct  antagonism. — A  good  example  to  take  of  direct  antagonism 
is  that  exhibited  by  pilocarpine  and  atropine.  If  a  drop  of  a  solution  of 
pilocarpine  nitrate  be  placed  in  the  eye,  the  pupil  contracts ;  a  drop  of  a  weak 
solution  of  atropine  sulphate  will  again  cause  dilatation,  which  in  turn  will 
be  replaced  by  contraction  when  a  further  dose  of  pilocarpine  is  applied. 
The  frog's  heart  poisoned  by  pilocarpine  beats  more  and  more  slowly  until 
it  ceases  to  contract ;  atropine  restores  the  beat,  which  may  again  become 
slow  and  feeble  under  the  action  of  a  further  dose  of  pilocarpine. 

Stimulation  of  the  peripheral  end  of  the  sciatic  nerve  will  cause 
sweating  in  the  pads  of  a  cat's  feet,  but  after  intravenous  injection  of 
3  mgrms.  of  atropine,  stimulation  of  the  nerve  is  ineffective ;  the  termina- 
tions of  the  nerve  in  the  gland  cells  have  been  paralysed.  If  10  mgrms. 
of  pilocarpine  be  now  injected  into  a  vein,  sweating  will  be  produced ;  this 
is  said  to  be  due  to  the  direct  action  of  the  drug  upon  the  cells  of  the 
glands,  for  stimulation  of  the  sciatic  nerve  will  produce  no  result.  A 
larger  dose,  20  to  30  mgrms.  of  atropine,  will  completely  paralyse  the  cells 
of  the  glands,  and  will  prevent  the  antagonistic  action  of  a  subsequent 
application  of  pilocarpine  (Eossbach).  Pilocarpine  causes  a  copious  secre- 
tion of  saliva;  atropine  arrests  the  normal  secretion.  The  antagonistic 
action  of  the  drugs  upon  the  submaxillary  gland  can  be  shown  by  the 
following  experiment.  A  dose  of  atropine  sufficient  to  paralyse  the  chorda 
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tympani  nerve  is  injected  intravenously,  and  then  a  cannula  filled  with  a 
2  to  4  per  cent,  solution  of  pilocarpine  nitrate  is  tied  into  Wharton's  duct, 
and  a  small  quantity  of  the  solution  is  forced  into  the  gland.  Saliva  is 
secreted,  and  stimulation  of  the  chorda  tympani  again  becomes  effective. 
The  pilocarpine,  however,  is  soon  washed  away  by  the  saliva,  and  the 
atropine  in  the  blood  again  paralyses  the  endings  of  the  nerve.  This 
alternation  of  paralysis  and  partial  recovery  may  be  repeated  many  times 
by  doses  of  pilocarpine  renewed  from  time  to  time. 

The  antagonism  of  atropine  and  pilocarpine  can  also  be  observed  in  the 
case  of  involuntary  muscle.  The  rhythmic  contractions  which  are  pro- 
duced in  the  frog's  stomach  by  pilocarpine  are  instantly  abolished  by 
atropine  sulphate  ( .  Jti  0 ),  but  they  are  reproduced  in  a  weaker  form,  and 
after  about  twenty  minutes'  action,  by  a  dose  droVcr)  of  pilocarpine  hydro- 
chlorate  (Cooke). 

According  to  Morat  and  Doyon,  the  antagonism  of  atropine  and  pilo- 
carpine extends  to  the  temperature  and  respiration ;  the  first  drug 
increases  the  temperature  and  frequency  of  respiration ;  the  second  acts  in 
the  opposite  direction. 

These  phenomena  are  due  to  opposed  physiological  actions;  the 
antagonists  are  physiological  antidotes.  Atropine  paralyses  the  post- 
ganglionic  fibres  of  the  third  cranial  nerve,  which  supply  the  circular 
muscle  fibres  of  the  iris ;  it  acts  in  a  similar  manner  upon  the  nerves  to 
the  sweat  glands,  upon  the  chorda  tympani,  and  upon  the  vagus.  Pilo- 
carpine, on  the  other  hand,  appears  to  stimulate  the  terminations  of  the 
motor  oculi  nerve,  the  endings  of  the  secreto-motor  nerves,  and,  according 
to  some  observers,  those  of  the  vagus.  At  the  same  time,  atropine  and 
pilocarpine  probably  act  in  opposite  directions  upon  the  metabolic  changes 
which  occur  in  the  involuntary  muscle  fibres  and  secreting  cells.  Evidence 
has  been  given  above  to  show  that  pilocarpine  acts  upon  the  cells  of  the 
sweat  glands,  and  Gaskell  has  shown  that  the  drugs  of  the  muscarine 
group,  to  which  pilocarpine  belongs,  act  atonically  upon  the  muscular 
tissue  of  the  heart,  while  atropine  acts  tonically.  Further,  the  selective 
action  of  these  drugs  for  the  terminations  of  some  nerves  is  seen  only  with 
moderate  doses ;  stronger  ones  will  affect  the  nerves  generally,  and  even 
the  cells  of  the  organ  exposed  to  the  action  of  the  drug. 

Muscarine,  from  a  pharmacological  point  of  view,  possesses  similar 
properties  to  those  of  pilocarpine.  It  is  unnecessary,  therefore,  to  consider 
in  detail  the  antagonism  between  atropine  and  this  drug.  Langendorff 
has  shown  that  this  antagonism  is  well  marked  in  the  mammalian  heart. 

Neurine  (C5H13NO)  and  Clioline  (C5H15N02)  are  closely  related  to 
muscarine  (C5H13N02),  and  in  their  action  upon  the  heart  and  glands  are 
antagonistic  to  atrvpine. 

Another  well-marked  case  of  direct  antagonism  is  that  which  was 
shown  by  Fraser,  Heidenham,  Rossbach,  and  others  to  exist  between 
atropine  and  physostigmine.  This  and  other  instances  of  direct  antagonism 
are  considered  in  detail  in  other  portions  of  this  work,  under  the  headings 
of  individual  drugs. 

Indirect  antagonism. — As  an  example  of  indirect  antagonism  may 
be  given  the  case  of  strychnine  and  chloral  hydrate.  Strychnine  increases 
the  excitability  of  the  central  nervous  system,  especially  the  spinal  cord ; 
chloral  causes  a  decrease  in  the  excitability  of  the  central  nervous  system, 
especially  the  higher  centres.  Strychnine  causes  death  in  warm-blooded 
animals  chiefly  by  the  asphyxia  produced  by  the  convulsions.  Chloral 
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may  so  far  antagonise  strychnine  as  to  save  an  animal's  life,  but  strychnine 
has  far  less  power  to  save  the  life  of  an  animal  which  has  received  a  lethal 
dose  of  chloral. 

It  is  unnecessary  in  this  article  to  consider  other  cases  of  direct  and 
indirect  antagonism.  The  following  table  has  been  drawn  up  by  Lander 
Brunton : — 


Table  of  Antagonistic  Drugs  (Lauder  Brunton). 


Aconitine 


Alcohol   . 
Ammonium  ch  oride 
Atropine . 


Barium    . 

Bromal  hydrate 
Brucine   . 
Calabarine 
Carbolic  acid 
Chloral    . 


Atropine. 

Digitaline. 

Strychnine. 

Chloral. 

Aconitiue. 

Bromal  hydrate. 

Chloral  hydrate. 

Hydrocyanic  acid. 

Jaborandi. 

Morphine. 

Muscarine. 

Physostigmine. 

Phytolacca. 

Pilocarpine. 

Quinine. 

Potassium  salts. 

Sodium  sulphate. 

Atropine. 

Chloral. 


Ammonium  chloride. 

Atropine. 

Brucine. 

Calabarine. 

Carbolic  acid. 

Codeine. 

Physostigmine. 

Picrotoxine. 

Strychnine. 


Chloral    . 
Chloroform 
Cocaine    . 
Codeine   . 
Digitalin 


Gelsemium 

» 
Morphine 


Mus  arin 
Opium 


Physostigmine 


Saponin 
Strychnine 


Thebaine 


Thebaine. 

Amyl  nitrite. 

Morphine. 

Chloral. 

Aconitine. 

Muscarine. 

Saponin. 

Opium. 

Atropine. 

Caffeine. 

Chloroform. 

Cocaine. 

Daturine. 

Hyoscyamine. 

Nicotine. 

Physostigmine. 

Atropine. 

»> 

Gelsemium. 
Veratrum  viride. 
Atropine. 
Chloral. 
Morphine. 
Digitaline. 
Alcohol. 
Chloral. 

Hydrocyanic  acid. 
Nicotine. 
Nitrate  of  amvl. 
Chloral. 


Theories  of  antagonism. — Of  the  real  nature  of  antagonism  our 
knowledge  is  most  incomplete  and  unsatisfactory.  There  are  certain 
theories  to  explain  the  action  of  antagonistic  drugs,  but  they  must  be 
considered  as  provisional.  The  most  probable  theory  is  that  brought 
forward  by  Langley,  Luchsinger,  Gaskell,  aud  Ringer.  It  is  assumed  that 
the  poison  forms  a  loose  chemical  combination  with  the  protoplasm  of 
different  tissues,  especially  of  those  for  which  the  drug  shows  a  selective 
action.  This  compound  is  easily  dissociated,  and  thus  an  animal  may 
recover  from  a  poisonous  but  non-lethal  dose,  by  the  gradual  dissociation 
and  excretion  of  the  drug.  When  two  poisons  are  present,  and  act  upon 
the  same  tissues,  the  result  depends  on  their  relative  chemical  affinity  for 
the  protoplasm  of  the  tissues  and  upon  the  mass  of  each  drug  present. 
The  one  drug  may  thus  cause  the  dissociation  of  the  compound  formed  by 
its  antagonist. 

Luchsinger  compares  theaction  of  antagonistic  drugs  to  that  of  oxygen 
and  carbon  monoxide  upon  haemoglobin.  Oxyhaemoglobin  is  dissociated 
by  a  stream  of  carbon  monoxide,  and  carboxyhsemoglobin  is  formed.  This 
in  turn  may  be  broken  up  by  a  stream  of  oxygen,  the  carbon  monoxide  is 
driven  off,  and  oxyhsemoglobm  is  formed.  A  neutral  gas  will  cause  the 
dissociation  of  carboxyhaemoglobin,  but  it  takes  a  very  much  longer  time 
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than  that  required  by  oxygen,  for  which  haemoglobin  possesses  a  chemical 
affinity. 

Other  observers  hold  that  no  such  chemical  combination  is  formed ; 
that  the  drug  acts  upon  the  tissues  with  the  production  of  certain 
physiological  effects.  In  the  case  of  antagonistic  drugs,  these  effects  may 
be  of  an  opposite  nature,  and  thus  apparently  counteract  one  another. 
Kossbach  maintains  that  there  is  no  strict  antagonism,  and  that  in  the 
case  of  glands  there  are  two  parts — the  nervous  and  the  glandular  part — 
which  are  influenced  by  the  drugs. 

Baum  has  recently  thrown  some  light  upon  antagonism,  by  experiments 
upon  the  opposed  action  of  different  salts  to  ferments.  The  action  of 
invertin  upon  cane  sugar  is  hindered  by  potassium  chloride,  quickened 
by  ammonium  chloride,  and  unaltered  by  the  presence  of  a  certain  propor- 
tion of  both  salts.  In  a  similar  way  the  ferment  is  influenced  by  quinine 
and  curare.  Further  assistance  to  the  knowledge  of  antagonism  may  be 
expected  from  the  investigations  of  toxines  and  antitoxines.  (See  article 
on  "  Serum  Therapy,"  especially  Diphtheria  and  Tetanus.) 

The  following  list  of  references  gives  some  of  the  chief  papers  upon 
the  subject  of  antagonism,  and  those  which  contain  a  bibliography  are 
especially  indicated. 
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DIET. 

IN  the  following  article  this  subject  will  be  discussed  under  the  headings 
of  the  diet  necessary  in  health,  and  of  the  modifications  which  are  im- 
portant to  be  made  in  the  treatment  of  disease.  Although  it  may  be  said 
that  individual  nations  have  decided  their  own  dietary  which  has  been 
found  best  suited  to  the  needs  of  their  climate  or  their  occupations,  yet 
scientific  investigation  has,  by  taking  these  national  customs  as  a  basis, 
deduced  rules  of  diet  which  must  be  kept  if  health  is  to  be  preserved,  and 
which  have  to  be  altered  in  certain  conditions  of  disease. 


DIET  IN  HEALTH. 

The  diet  is  made  up  of  certain  food-stuffs  which  may  be  called  the 
proximate  principles  of  food.    They  are  most  usefully  classified  as  follows  :  — 

{(1)  Nitrogenous,  as  proteids  or  albuminoids. 
C(a)  Fats. 
(2)  Non-nitrogenous  -!  (&)  Carbohydrates. 
t(c)   Vegetable  acids. 

f(l)  Mineral  salts. 
2.  Inorganic 


3.  Food  accessories,  such  as  tea,  coffee,  alcohol,  creatin,  etc. 

A  certain  proportion  of  each  of  these  three  classes  of  food-stuffs  is 
essential  to  health. 

Nitrogenous  food-stuffs.  —  These  substances  are  essential  to  the  life  of 
protoplasm  since  they  contain  nitrogen,  and  a  certain  proportion  must  be 
taken  to  insure  the  tissues  receiving  a  proper  amount  of  nitrogen  to  aid 
in  their  reconstruction.  Five  hundred  grs.  of  urea,  and  7  to  10  grs.  of 
uric  acid,  both  of  which  are  nitrogenous  bodies,  are  excreted  daily  in  the 
urine,  and  this  nitrogenous  loss  must  be  made  good  by  the  intake  of  nitro- 
genous food  in  order  to  maintain  what  is  called  the  nitrogen  equilibrium. 
Nitrogenous  substances  are  not  of  equal  value  to  the  body  as  food,  even 
amongst  the  special  class  of  albuminous  substances.  Those  which  are  the 
most  valuable  are  the  globulins  contained  in  muscle,  in  eggs,  and  in  the 
seeds  of  leguminous  plants,  and  of  the  cereals  ;  the  albumins  of  blood,  and 
of  the  egg  ;  and  certain  insoluble  proteids,  such  as  the  fibrin  of  the  blood, 
and  more  particularly  the  gluten  of  wheat  and  the  casein  of  milk.  Digested 
proteids  (albumoses)  do  not  exist  to  any  extent  in  animal  foods,  but  they 
are  found  largely  in  cereals  and  in  the  seeds  of  leguminous  plants. 

Non-nitrogenous  organic  food-stuffs.  —  These  are  fats  and  carbo- 
hydrates, and  both  are  essential  in  the  dietary.  The  most  assimilable 
forms  of  fat  are  those  obtained  from  animals,  such  as  butter  and  the  fat 
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obtained  from  domesticated   animals  used   as  food.     The   chief   fats   are 
palmitin  and  stearin,  which  are  solid,  and  olein,  which  is  liquid. 

Carbohydrates  are  derived  from  vegetable  foods,  and  are  taken  either 
in  the  form  of  starch  or  of  sugars.  The  following  is  a  useful  classification 
of  carbohydrate  food-stuffs : — 

1.  Glucoses,  with  the  general  formula  (C6H1206)n,  such  as  grape-sugar, 
milk-sugar,  kevulose,  or  invert-sugar,  which  is  contained  in  the  juices  of \\ 
plants  and  in  honey,  and  inosite,  found  in  muscle  in  some  other  animal 
foods,  in  beans  and  in  grapes. 

2.  Those  with  the  general  formula  (C12H22On)  n,  comprising  maltose 
and  saccharose  or  cane-sugar. 

3.  Those  with   the  general  formula  (C6H1005)  n,  comprising  glycogen, 
which  occurs  in  liver   and  in  molluscs ;  dextrin,  which  is  present  with 
starch  in  many  foods,  and  is  formed  from  starch  during  digestion ;  starch, 
which  is  found  in  vegetable  cells ;  and  cellulose,  which  is  not  digested  by 
human  beings. 

The  vegetable  acids,  such  as  acetic,  lactic,  tartaric,  citric,  and  malic, 
but  more  especially  acetic,  citric,  and  tartaric,  are  of  great  importance  in 
the  diet,  since  from  their  transformation  into  carbonates  in  the  body  they 
preserve  the  alkalinity  of  the  blood,  the  tissues,  and  the  secretions. 

The  inorganic  food-stuffs  comprise  the  salts,  chiefly  sodium  chloride, 
and  phosphates  of  potassium,  calcium,  and  magnesium.  Iron  is  most  com- 
monly taken  into  the  body  in  combination  with  nitrogenous  food-stuffs. 

Food  accessories  in  one  form  or  another  are  essential  in  the  dietary  to 
give  variety  to  the  taste  of  food,  and  they  are  universally  used  by  both 
savage  and  civilised  nations. 

Changes  of  food-stuffs  in  the  body. — Most  of  the  food-stuffs  of  the  dietary 
must  undergo  some  transformation  before  they  can  be  utilised  by  the 
organism,  either  for  its  immediate  needs  or  for  its  future  use  after  being 
stored.  The  nitrogenous  food-stuffs,  whether  from  animal  or  vegetable 
foods,  undergo  in  the  stomach  and  intestines  a  process  of  digestion  by 
means  of  the  pepsin-hydrochloric  acid  of  the  stomach,  and  of  the  trypsin 
of  the  pancreatic  juice.  The  products  of  this  digestion  are  mainly  more 
soluble  proteids  (albumoses)  and  peptone,  which  by  means  of  the  cells  of 
the  intestinal  wall  are  transformed  into  the  nitrogenous  substances  of  the 
body,  the  albumins  and  globulins.  The  albumoses  and  peptone  are  absent 
from  the  normal  blood  and  healthy  tissues.  In  the  majority  of  instances 
fats  also  undergo  a  process  of  digestion.  The  fats  which  are  taken  in  as 
food  are  of  many  different  compositions,  and  during  their  process  of 
absorption  by  the  small  intestine,  and  afterwards,  they  are  transformed 
in  the  sense  that  they  eventually  contain  the  proportion  of  palmitin, 
stearin,  and  olein  which  is  present  in  the  human  body.  Most  of  the 
carbohydrates  undergo  also  a  process  of  digestion,  partly  in  the  mouth  but 
mainly  in  the  small  intestine,  the  final  product  being  maltose.  This, 
however,  is  not  absorbed  as  such,  inasmuch  as  the  carbohydrate  substances 
which  are  present  in  the  human  body  are  glycogen,  glucose,  and  inosite. 
The  maltose  present  in  the  small  intestine  is  therefore  re-transformed  by 
the  body  into  these  substances.  The  difference  between  carbohydrates  on 
the  one  hand,  and  fats  and  proteids  on  the  other,  lies  in  the  fact  that 
although  they  form  a  large  part  of  the  dietary,  only  a  small  proportion  is 
found  in  the  body  as  a  permanent  constituent.  They  are  therefore 
utilised  at  once  by  the  organism.  Fats,  on  the  other  hand,  are  stored  up, 
as  well  as  nitrogenous  food-stuffs. 
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Amount  of  food-stuffs  necessary. — All  the  food-stuffs  mentioned  are 
necessary  for  the  preservation  of  health,  but  they  are  essential  in  different 
proportions.  The  amount  of  food  and  the  proportion  of  food-stuffs  varies 
with  the  amount  of  work  which  is  performed,  and  with  the  age.  We  may 
divide  the  periods  of  life  into  that  of  childhood,  the  period  of  growth ; 
that  of  adult  life,  the  period  of  vigour ;  and  that  of  old  age,  the  period  of 
inactivity.  The  diet  for  a  man  weighing  about  150  lb.,  and  who  is  at 
rest,  should  contain  from  70  to  100  grms.  of  nitrogenous  food-stuffs,  50 
grms.  of  fat,  and  400  grms.  of  carbohydrate.  If,  however,  work  of  medium 
severity  has  to  be  performed,  the  amount  of  nitrogenous  material  and  of 
fat  must  be  increased,  that  of  the  former  being  not  less  than  130  grms.,  and 
of  the  latter  not  less  than  80  to  90  grms.  With  more  severe  work  all  the 
constituents  of  the  dietary  are  increased.  Moleschott's  diet  for  medium 
work  may  be  taken  as  the  average  for  an  adult  man.  It  consists  of 
nitrogenous  food-stuffs,  130  grms. ;  fat,  84  grms. ;  carbohydrate,  404  grms. ; 
salts,  30  grms. ;  or  a  total  of  dry  food  of  648  grms.  The  amount  of 
nitrogen  contained  in  such  a  diet  is  a  little  over  20  grms.,  and  of  carbon  a 
little  over  300  grs.  The  amount  of  water  that  it  is  necessary  to  add  to 
this  is  from  2700  to  2800  grms.  daily,  or  70  to  80  oz.  This  is  not 
equivalent  to  all  the  water  which  is  lost  in  the  body  by  the  urine,  feeces, 
skin,  and  lungs,  inasmuch  as  part  of  the  water,  namely,  about  300  grms., 
is  supplied  by  the  combustion  in  the  body  of  the  hydrogen  taken  in  as 
food.  With  vegetable  food  sodium  chloride  is  a  necessity,  as  it  is  very 
deficient  in  such  articles  of  diet,  which  have  an  excess  of  phosphates, 
chiefly  of  potassium. 

The  following  table  shows  the  daily  minimum  of  food-stuffs  at  different 
ages  (Konig) : — 


Condition. 

Weight  in  Grammes. 

Proteid. 

Fat. 

Carbohydrate. 

Child  up  to  1J  year  (average),  . 

20-36 

30-45 

60-90 

Child  from  6  to  15  years  (average),   . 

70-80 

37-50 

250-400 

Man  (moderate  work), 

118 

56 

500 

Woman  (moderate  work), 

92 

44 

400 

Old  man,          .         . 

100 

68 

350 

Old  woman,      .         .         .         .                  .' 

80 

50 

260 

The  diet  of  children  varies  with  the  rapidity  of  growth,  and  also  in 
different  individuals.  The  daily  amount  necessary  for  growing  children 
is  as  follows  : — 


Of  proteid,  . 

Of  fat, 

Of  carbohydrate, . 


2 '3  to    3'0  grms.  per  kilo  of  body  weight. 
2-1  to    2-6     „ 
9-5  to  12-3 


In  old  age  the  diet  is  generally  decreased,  all  the  different  food-stuffs 
being  affected. 

It  is  necessary  to  discuss  certain  points  which  arise  out  of  the  figures 
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which  have  been  quoted.  These  figures  are  only  true  within  certain 
limits,  inasmuch  as  individuals  vary  considerably  not  only  in  weight,  but 
in  vigour  and  in  the  amount  of  work  performed  in  a  day.  The  first  con- 
sideration is  the  relation  of  the  total  water-free  food  in  the  daily  diet  to 
the  body  weight.  From  the  accompanying  table  it  is  seen  that  the  amount  of 
food  taken  in  medium  work  is  about  -  to  y^  of  the  body  weight.  This 


Relation  of  Total  Water-free  Food  in  daily  Diet  to  Body  Weight. 


Subsistence 
Diet. 

Medium  Work. 

Very 
Laborious 
Work. 

Moleschott's 
Diet. 

Ranke's  Diet. 

Proportion    in    grms.    per  kilo  of 
body  weight,      .... 

6'4 

9'5 

6-3 

127 

Proportion  of  total  body  weight,    . 

T£TT 

103" 

T3T 

rV 

consideration,  however,  is  not  so  important  as  the  relation  of  the  amount 
of  nitrogenous  to  non-nitrogenous  food-stuffs  in  the  diet,  as  well  as  of  that 
of  the  fat  to  the  carbohydrates.  The  nitrogenous  food-stuffs  cannot  be 
replaced  by  the  non-nitrogenous,  but  with  regard  to  the  non-nitrogenous 
the  fat  and  the  carbohydrates  play  so  similar  a  role  in  the  body  that  to  a 
certain  extent  they  are  interchangeable  in  the  diet.  They  are  spoken  of 
as  isodynamic  foods.  The  proportion  between  the  nitrogenous  and  non- 
nitrogenous  food-stuffs  in  the  diet  ought  to  be  as  1  to  3'5  or  4'5,  and  this 
relation  is  preserved  not  only  in  the  diet  of  the  child  or  of  the  infant  at 
breast,  but  in  that  of  adults  and  of  old  age.  In  prescribing  diet  in 
diseased  conditions,  this  relation  cannot  always  be  preserved,  although  it 
ought  to  be  borne  in  mind  in  the  construction  of  any  dietary  for  the  sick. 
According  to  Pettenkofer  and  Voit,  100  grms.  of  fat  is  isodynamic  with 
175  grms.  of  carbohydrate,  but  all  the  non-nitrogenous  food  cannot  be  taken 
in  the  form  either  of  fat  or  of  carbohydrates,  and  the  proportion  of  fat  to 
carbohydrates  in  the  daily  diet  ought  not  to  be  less  than  1  to  9.  With 
the  poor,  carbohydrates  are  taken  far  in  excess  of  this ;  with  the  well-to-do 
the  proportion  of  fat  taken  is  greater.  In  the  child  at  the  breast,  and 
up  to  about  5  months  of  age,  the  proportion  of  fat  to  carbohydrate  is  as 
1  to  34.  In  the  working  classes  the  porportion  is  as  1  to  5,  or  higher. 

The  effects  of  excess  of  one  or  other  food-stuff. —  During  a  period  of 
complete  deprivation  of  food,  the  excretion  of  nitrogen  continues,  although 
in  diminished  amount.  If  in  this  condition  of  starvation,  proteid  food  be 
given  without  non-nitrogenous  food-stuffs,  loss  of  nitrogen  from  the  tissues 
is  not  prevented,  so  that  the  amount  of  nitrogen  lost  is  greater  than  the 
amount  given.  With  an  exclusively  nitrogenous  diet  the  body  actually 
wastes.  But  this  does  not  hold  good  if  an  excess  of  nitrogenous  food  is  given, 
as  the  animal  may  put  on  weight,  and  the  nitrogen  equilibrium  be  again 
established.  Increase  of  the  nitrogenous  food-stuffs  in  the  diet  always 
leads  to  an  increased  excretion  of  urea.  Besides,  however,  the  absolute 
necessity  for  the  presence  of  non-nitrogenous  food-stuffs  in  the  dietary,  so 
that  health  may  be  preserved,  they  have  a  special  function  in  that  they 
allow  the  amount  of  nitrogenous  food-stuffs  to  be  diminished.  An  excess  of 
nitrogenous  food-stuffs  in  the  dietary  is  not  an  advantage  beyond  a  certain 
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point,  inasmuch  as  the  change  which  they  undergo  in  the  body  leads  to  a  great 
stimulation  of  the  tissues,  in  fact  to  extra  work  on  the  part  both  of  the 
digestive  organs  and  of  the  tissues  generally.  The  addition  of  fats  and 
carbohydrates  to  the  dietary  prevents  this  excessive  stimulation  of  the 
tissues,  and  their  action  in  this  respect  is  referred  to  as  their  being  proteid- 
sparing  foods.  Gelatin,  a  nitrogenous  substance,  has  also  this  action,  and 
asparagin  acts  in  a  similar  manner  in  herbivorous  animals.  There  is  no 
definite  proof  that  cocaine  and  caffeine  are  proteid-sparing  materials.  Their 
use  diminishes  the  intake  of  food,  and  for  a  time  preserves  the  feeling  of 
well-being,  owing  to  their  effect  on  the  central  nervous  system. 

Large  quantities  of  meat  may  for  a  time  be  taken  with  comparative 
impunity,  as  much  as  3  or  4  Ib.  daily.  Eventually,  however,  such  large 
quantities  lead  to  disorder  of  digestion  and  of  nutrition.  As  illustrative  of 
the  conclusions  which  have  been  stated  above,  an  experiment  of  Eiibner's 
may  be  quoted,  in  which  a  dog  was  fed  on  a  diet  of  1200  grins,  of  flesh 
daily.  It  was  found  that  more  nitrogen  was  excreted  than  was  taken  in 
with  the  food.  But  in  the  same  animal  a  nitrogenous  equilibrium  was 
established  if  the  animal  were  fed  on  500  to  600  grms.  of  meat  and  200 
grms.  of  fat.  With  diminution  in  the  amount  of  nitrogenous  food  below 
the  amount  which  is  necessary  to  preserve  health,  the  chief  results  are 
seen  in  a  disordered  metabolism.  The  body  may  become  fat  if  much  work 
be  not  performed,  but  in  the  working  classes,  in  which  such  a  condition  of 
things  not  unfrequently  occurs,  the  body  is  thin  and  the  muscles  are  also 
wasted,  and  frequently  show  myotatic  irritability.  In  such  cases  work  is 
performed  owing  to  the  excess  of  fat  and  carbohydrates  in  the  dietary. 

Fats  are  a  source  of  energy  and  heat  to  the  body.  In  the  majority  of 
diets  of  nations  fat  finds  a  place.  In  some  cases  it  is  eaten  in  large  excess. 
In  temperate  climates  an  excess  of  fat  is  usually  in  the  diet  of  those  who 
do  hard  work.  In  such  cases  the  fat  is  more  or  less  directly  utilised  as  a 
source  of  energy.  In  those  cases,  however,  where  an  excess  of  fat  in  the 
diet  of  sedentary  persons  occurs,  part  of  the  fat  is  unabsorbed  and  is 
passed  away  in  the  fseces,  but  a  large  amount  is  stored  up  in  the  body. 
The  carbohydrates  play  the  same  role  as  fats  in  food,  being  sources  of 
energy  and  heat.  They  are  also  a  source  of  fat,  but  in  ordinary  diets  they 
are  utilised  immediately  as  sources  of  energy.  It  may  be  said  that  the 
storing  of  fat  in  the  body  is  not  always  dependent  upon  the  amount  of 
carbohydrates  and  fats  in  the  food.  In  some  cases,  especially  in  some 
families,  the  storing  of  fat  seems  to  depend  on  the  special  development  of  the 
fat  cells.  Such  people  may  get  fat  without  an  excess  of  fat  or  carbohydrates 
in  the  diet.  The  healthy  infant  becomes  fat,  while  the  growing  child, 
during  its  period  of  greatest  activity,  as  a  rule  becomes  thin.  Fat  is  again 
put  on  at  puberty.  During  the  most  active  period  of  adult  life  (from  25 
to  35)  no  excess  of  fat  is  stored  up  in  the  body.  Towards  middle  age,  indi- 
viduals tend  to  become  stouter,  and  this  is  not  always  due  to  conditions  of 
indolence  and  over-eating,  but  is  no  doubt  associated  with  a  diminished 
activity  of  the  tissues,  as  is  seen  in  the  increase  of  fat  which  occurs  in 
women  after  the  menopause. 

Food  as  energy. — Food  is  the  source  of  energy  in  the  body,  whether  this 
be  shown  as  muscular  exertion,  as  heat,  or  as  a  special  metabolism  of  the 
tissues.  In  the  body  the  food  undergoes  oxidation  :  fats  and  carbohydrates 
completely,  the  final  products  being  carbonic  acid  and  water ;  while  the 
nitrogenous  foods  undergo  only  a  partial  oxidation,  being  excreted  as  urea, 
which  is  only  a  partly  oxidised  body.  The  energy  value  of  food  can  be 
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expressed  by  determining  the  energy  generated  during  its  combustion,  the 
unit  of  energy  used  being  the  kilo-calorie  (called  calorie  in  this  article), 
which  is  the  amount  of  heat  necessary  to  raise  1  kilo  of  water  1°  C. 
Reckoned  in  this  way,  it  has  been  found  that — 

1  grm.  proteid  =  4'1  calories. 

1     „      carbohydrate  =  4'1       „ 
1     „      fat  =  9'3 

The  figure  for  the  proteid  is  not  that  for  the  complete  combustion,  but 
only  for  the  combustion  as  far  as  urea  (Riibner).  We  can  therefore  express 
the  daily  diet  requisite  for  the  preservation  of  health  in  the  form  of  energy 
as  calories.  Thus,  taking  Moleschott's  diet — 

Proteid  =  130  x  4-1  =    533 

Fat  -    84  x  9-3  =     781-2 

Carbohydrate  =  404  x  4*1  =  1756'4 


Total,         .     3070-6  calories. 

This  is  no  doubt  too  high  an  estimate  as  regards  the  amount  of  energy 
available  in  the  body  from  the  food,  for  not  only  is  the  fat  in  excessive 
amount  in  the  dietary,  but  a  certain  proportion  of  all  the  food-stuffs  (but 
more  of  the  fat  and  carbohydrates)  is  not  assimilated.  Riibner  estimated 
that  on  the  average  the  amount  of  energy  available  in  such  a  diet  is  rather 
under  3000  kilo-calories.  All  food  can  be  expressed  in  these  terms  of 
energy.  Thus,  1  litre  of  milk,  which  contains  35  grins,  of  proteid,  36 
grms.  of  fat,  and  48  grms.  of  carbohydrate,  may  be  expressed  as  follows : — 

35  x  4-1  =  143-5 

36  x  9-3  =  334-8 
48  x  4-1  =  196-8 


Total,     .     675-1  calories. 

One  litre  of  milk,  or  35  oz.,  contains  rather  less  than  quarter  of  the 
amount  of  daily  food  required  by  an  adult  in  medium  work.  Although  it 
is  convenient  and  necessary  to  consider  food  in  these  terms  of  energy,  even 
when  considering  diet  in  disease,  yet  what  has  been  said  about  the  non- 
interchangeableness  of  the  different  food-stuffs  of  the  diet  must  be  re- 
membered. Moreover,  the  question  of  the  digestibility  of  food,  and  of  the 
amount  of  each  food-stuff  which  is  digested  and  assimilated  in  the  presence 
of  another,  varies  with  different  articles  of  diet.  No  mere  calculation, 
then,  of  the  amount  of  nitrogen  and  carbon,  or  the  amount  of  organic 
food-stuffs  in  the  diet,  can  determine  the  nutritive  value  of  a  diet.  The 
organic  food-stuffs  must  undergo  the  process  of  digestion  before  they  are 
absorbed.  In  disease  we  have  to  do  with  cases  in  which  not  only  digestion 
and  absorption  are  deficient,  but  in  which  frequently  there  is  a  profound 
change  in  the  metabolism  of  the  body. 

In  normal  conditions,  however,  the  mixed  food  itself  may  be  of  such 
a  nature  as  to  interfere  with  its  proper  assimilation.  Three  points  which 
require  consideration  are — (1)  The  digestibility  of  the  different  organic 
food-stuffs  obtained  from  the  animal  and  vegetable  world;  (2)  the  bulk 
and  the  chemical  reaction  of  the  food  taken  and  the  admixture  of  organic 
matter ;  (3)  the  effect  of  cooking  on  the  food. 
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1.  Digestibility  of  organic  food-stuffs. — The  proteids  and  fats  obtained 
from  the  animal  kingdom  are  more  digestible  than  those  obtained  from  the 
vegetable,  as  shown  in  the  following  table,  constructed  from  results  obtained 
by  Eiibner : — 

Digestibility  of  Food-Stuffs  (Percentage  Digested). 


Meat. 

Eggs. 

Milk. 

Cheese. 

Rice. 

Potatoes. 

Peas. 

White 
Bread. 

Black 
Bread. 

Carrots. 

Proteid,  .     . 

97*5 

97 

92 

97 

80 

75 

80 

78 

68 

79-5 

Fat,     .     .     . 

80-0 

95 

95 

95 

— 

— 

— 

— 

— 

— 

Carbohydrate, 

— 

— 

— 

— 

99 

92-5 

95 

99 

88 

82-0 

It  is  seen  that  the  proteids  of  meat,  eggs,  milk,  and  cheese  are  far  more 
digestible  than  those  of  potatoes  and  other  vegetables.  The  fat  of  milk  is 
more  digestible  than  that  of  meat.  As  regards  the  starches  which  are  ordin- 
arily taken  as  food,  from  my  own  experiments  I  have  found  that  the  order  of 
digestibility  is  as  follows : — St.  Vincent  arrowroot,  Bermuda  arrowroot,  and 
starch  from  fresh  green  peas.  These  three  are  far  more  digestible  than 
the  following,  which  are  also  given  in  order,  the  most  digestible  coming 
first :  the  starch  from  wheaten  flour,  from  potato,  rice,  barley,  and  pea 
flour.  In  a  given  time  diastase  produces  from  the  more  digestible  starches 
more  sugar  than  from  the  less  digestible.  The  order  of  digestibility,  it 
will  be  observed,  as  determined  by  experiment,  is  practically  the  same  as 
that  which  has  been  determined  by  experience.  The  question  of  the 
digestibility  of  the  mixed  food  or  of  the  article  of  diet  is  different  from 
that  of  the  digestion  of  the  pure  food-stuff,  for  not  only  does  the  chemical 
effect  of  artificial  gastric  juice  vary  on  different  articles  of  diet,  but  the 
time  in  which  the  food  remains  in  the  stomach  varies  with  each  article. 
It  has  been  found  in  artificial  digestion  that  fish  is  more  difficult  to  digest 
than  meat,  white  flesh  more  digestible  than  dark,  raw  beef  more  digestible 
than  smoked  (as  100  to  95),  while  the  presence  of  fat  increases  the 
difficulty  of  digestion.  Taking  the  digestibility  of  ox  flesh  as  the  standard 
(100),  veal  would  be  95 ;  mutton,  92 ;  lamb,  88 ;  poultry  (fowl),  84  to  86, 
while  fish  would  be  about  90  (Chittenden  and  Cummins). 

As  a  result  of  Beaumont's  early  experiments  (1838)  and  of  Richet's 
(1878),  the  following  conclusions  may  be  drawn  : — (1)  That  the  flesh  of 
animals  remains  from  two  and  a  half  hours  to  five  hours  in  the  healthy 
stomach,  the  most  digestible  being  lamb,  and  then,  in  order,  beef-steak, 
lean  meat,  mutton,  veal,  and  pork,  while  fish  is  equal  to  mutton  in 
digestibility;  (2)  that  starch  foods,  such  as  rice,  barley,  and  tapioca,  do 
not  remain  more  than  two  hours  in  the  stomach,  while  beans,  peas,  and 
potatoes  remain  for  two  and  a  half  hours,  white  bread  for  three  hours,  and 
brown  bread  for  four  hours ;  (3)  Richet's  results,  however,  show  that  even 
for  the  same  substances  in  the  same  subject  there  are  varying  times  in 
which  it  remains  in  the  stomach.  Baked  potatoes  remained  sometimes  one 
hour,  sometimes  two  and  a  half  or  even  three  hours.  These  results,  how- 
ever, are  only  indications,  inasmuch  as  there  is  very  great  variability  in 
the  digesting  power  of  healthy  individuals.  A  meal  consisting  of  4  oz.  of 
meat,  2  oz.  of  bread,  and  half  a  pint  of  beef-tea,  is  digested  by  the  stomach 
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in  from  three  to  five  hours,  as  a  rule.  Leube  gives  seven  hours  as  the 
normal  limit  of  digestion  of  a  moderate  meal  in  the  stomach.  It  has  been 
found  that  cooking  affects  the  amount  of  peptone  formed  ;  thus  from 
roasted  meat  more  peptone  is  formed  than  from  raw  meat,  and  more  from 
raw  meat  than  from  boiled  (Honigsberg). 

2.  Bulk  and  reaction  of  food. — If  too  large  an  amount  of  the  daily  food 
be  taken  at  one  meal,  an  excess  of  work  is  thrown  upon  the  stomach,  and 
this  will  end  in  imperfect  digestion  and  assimilation,  with  liability  to  acid 
bacterial  fermentations  occurring  in  the  lower  part  of  the  small  intestine  and 
in  the  large.  This  fermentation  does  not  occur  in  the  stomach,  inasmuch 
as  it  is  prevented  by  the  presence  of  hydrochloric  acid.  Food  may  also  be 
imperfectly  digested  and  assimilated  owing  to  its  admixture  with  a  large 
amount  of  indigestible  matter,  for  example,  cellulose.  With  a  diet  of 
meat  alone  no  muscle  fibres  are  found  in  the  faeces,  but  these  are  observed 
when  vegetable  food  containing  much  cellulose  is  taken  with  the  meat 
(Forster).  With  brown  bread  S.  Meyer  found  that  20  per  cent,  was  passed 
out  of  the  body,  while  with  white  bread  only  6  per  cent,  was  undigested. 
Eobur  has  also  shown  that  with  a  daily  use  of  960  grms.  of  peas  15  per 
cent,  was  lost;  with  600  grms.  only  10  per  cent.  It  has  been  shown  by 
experiment  that  30  grms.  of  animal  fat  added  to  the  ordinary  diet  can  be 
absorbed,  but  with  increasing  quantities  less  becomes  absorbed,  and  if  60 
grms.  were  continued  in  the  daily  diet  for  some  time  as  much  as  50  grs. 
passed  away  by  the  intestine  (Berthe,  quoted  by  Parkes). 

The  reaction  of  food  is  usually  slightly  alkaline  or  neutral,  and  its 
slight  alkalinity  acts  as  a  stimulant  to  the  gastric  secretion.  If  the  food 
contain  an  excess  of  acid,  the  tendency  is  to  diminish  the  secretion  of  the 
gastric  juice,  and  so  lead  to  mal-assimilation  of  food.  Sleep  diminishes 
digestion  of  food,  and  the  effect  of  laborious  work  immediately  after  a  meal 
varies  so  considerably  in  different  people,  that  no  general  statement  can  be 
made. 

3.  The  preparation  and  cooking  of  food. — Vegetable  foods  require  a 
greater  amount  of  preparation  than  animal,  inasmuch  as  the  starch  con- 
tained in  the  vegetable  cells  must  be  freed  to  a  great  extent  from  the 
indigestible  cellulose  which  surrounds  it.  This  is  done  to  a  greater  or  less 
extent  in  the  process  of  making  flours  from  the  various  cereals.  The 
general  effect  of  cooking  is  to  increase  the  digestibility  of  food,  and  with 
animal  food  it  develops  flavours  which  are  important  from  the  point  of 
view  of  dietetics.  Cooking,  moreover,  destroys  the  micro-organisms  which 
are  usually  present  on  the  surface.  Milk,  before  being  used  as  an  article 
of  diet,  ought,  when  supplied  in  large  quantities,  to  be  first  filtered  through 
coarse  filters  to  remove  gross  impurities,  and  then  either  Pasteurised  or 
sterilised  to  destroy  bacteria  present.  Pasteurisation  consists  in  keeping 
the  milk  at  140°  F.  for  two  successive  periods  of  twenty  minutes  each.  In 
sterilisation  the  milk  is  subjected  to  the  temperature  of  steam  for  a  longer 
or  shorter  period  (half  to  one  hour). 

Vegetables  such  as  peas  and  beans  take  up  during  cooking  a  large 
percentage  of  water.  They  lose  a  certain  proportion  of  salts,  and  part  of 
the  proteid  substances  become  coagulated.  The  application  of  moist  heat 
in  cooking  chiefly  affects  the  starch,  which  is  transformed  from  insoluble 
into  soluble  starch,  thereby  rendering  it  more  digestible.  By  the 
application  of  dry  heat  the  starch  becomes  partly  transformed  into 
dextrin. 
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Table  Showing  Amount  of  Water  in  Foods  'before  and  after  Cooking  (Fiirster). 


Fresh  Foods. 

Percentage  of 
Water. 

Cooked  Foods. 

Percentage  of 
Water. 

Beef  (Wolff),       . 

75  j 

Boiled  beef, 
Roast     ,  ,    . 

55-59 
56-63 

Veal  (Wolff),       . 

78 

Roast  veal,             ,         , 

60-64 

Wheaten  flour,    . 

12-14 

Bread, 

36-40 

Peas,  

H 

Mashed  peas,             •     '• 
Pea-soup,     . 

68-78 
90 

Potatoes,     .... 

H 

Mashed  potatoes    • 
Potato  soup, 

78 
91 

Cabbage,     .... 

87 

Cabbage,     .             •  x           ,' 

85-90 

Vegetable  food  gains  in  weight  during  cooking,  the  gain  being  chiefly 
in  the  form  of  water.  Animal  food  loses  in  weight,  the  loss  being  chiefly 
water,  with  some  of  the  salts  and  extractives. 

Loss  in  Percentage  of  Weight  in  Meat  during  Cooking. 


Boiling. 

Baking. 

Roasting. 

Beef, 

20 

29 

31 

Mutton,      .         .     ''':' 

20 

31 

35 

In  the  cooking  of  meat,  either  by  roasting  or  boiling,  all  the  proteids 
ought  not  to  be  coagulated.  Those  on  the  surface  are  completely  coagulated, 
but  in  the  centre  they  are  in  the  semi-coagulated  form,  which  is  the  best 
condition  for  their  being  properly  masticated  and  digested.  The  connective 
tissues  between  the  muscle  fibres  during  cooking  yield  gelatin. 

DIET  IN  DISEASE. 

In  diseased  conditions  of  the  body,  the  diet  may  vary  greatly  from  the 
normal ;  it  may  have  to  be  diminished  in  all  its  constitutents,  it  may  have 
to  be  increased  above  the  amount  required  in  the  normal  condition  of  the 
body,  or  one  or  more  of  its  constituent  food-stuffs  (proteid,  fat,  carbo- 
hydrate) may  require  to  be  diminished  or  removed  altogether  from  the 
dietary.  The  three  conditions,  therefore,  to  be  considered  are  diminution 
of  diet,  increase  of  diet,  and  special  diets.  The  digestion  and  assimilation 
of  the  proper  amount  of  food  necessary  to  maintain  health  depends  on  the 
integrity  of  the  digestive  glands  (salivary,  gastric,  and  pancreatic)  and  on 
the  regulated  supply  of  blood  to  these  organs,  on  the  normal  condition  of 
the  nervous  system,  and  on  the  motor  activity  of  the  gastro-intestinal 
tract. 

Of  the  many  different  ways  in  which  these  parts  may  be  affected  in 
disease,  it  is  not  the  province  of  this  article  closely  to  discuss,  but,  speak- 
ing generally,  digestive  activity  in  its  widest  sense  may  be  affected — (1)  by 
lesions  (functional  and  organic)  of  the  alimentary  tract  and  glands ;  (2)  by 
general  conditions  of  the  body,  such  as  those  of  toxaemia  (infection,  in- 
toxication), of  anaemia,  primary  or  secondary,  or  of  the  results  of  a  chronic 
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wasting  disease ;  and  (3)  by  the  influence  of  the  nervous  system,  either 
directly  or  reflexly,  as  affecting  motility  and  secretion,  or  the  vascular 
supply  of  the  organ. 

Besides,  however,  primary  or  secondary  affections  of  the  alimentary 
tract  and  the  digestive  glands,  a  diet  may  have  to  be  modified  owing  to 
defects  (functional  or  organic)  affecting  the  metabolism  of  the  tissues.  A 
normal  amount  of  food  may  be  digested  and  absorbed  in  such  conditions, 
but  this  food  cannot  be  properly  utilised  by  the  organs  and  tissues  of  the 
body,  in  which  normally  the  absorbed  and  transformed  food  is  either 
utilised  at  once  for  their  activity,  or  is  modified  and  becomes  part  of  the 
protoplasm  of  the  cell.  In  these  cases,  therefore,  what  may  be  called  the 
digestive  and  assimilative  activity  of  the  cell  is  altered  ;  its  metabolism  is 
disordered.  Such  defects  are  part  of  the  changes  which  occur  in  diabetes, 
gout,  and  obesity;  or  follow  the  results  of  acute  or  chronic  infective 
disease. 

DISEASES  OF  THE  ALIMENTAKY  TRACT. — The  special  conditions  of  the 
alimentary  tract  which  have  to  be  considered  as  regards  a  modification  of 
diet  may  be  stated  as  follows : — 

1.  Organic  obstruction  in  the  oasophagus,  at  the  pylorus  of  the  stomach, 
in  the  small  intestine,  and  in  the  large  intestine.     Acute  obstructions  are 
not  considered  here,  as  they  are  passing  events,  leading  immediately  to 
surgical  interference  or  to  death. 

2.  Diminished  motor  power  of  the  musculature  of  the  stomach  and 
intestines. 

3.  Diminished  secretory  activity  of  the  glands  of  the  stomach,  and  of 
the  pancreas. 

4.  Bacterial  fermentation  of  the  stomach  contents  occurring  in  dilata- 
tion, usually  following  organic  obstruction :  of  the  contents  of  the  small 
intestine  in  certain  conditions :  and  more  frequently  of  the  contents  of  the 
large  intestine,  whether  obstruction  be  present  or  not. 

It  is  evident  that  under  these  four  headings  there  are  several  different 
pathological  conditions  to  be  considered.  In  organic  obstruction  in  the 
oesophagus,  the  chief  condition  is  the  inability  of  the  food  to  enter  the 
stomach,  so  that  the  patient  gets  into  a  condition  of  chronic  starvation 
unless  the  obstruction  is  relieved.  There  is  in  the  early  stages  no  great 
defect  in  the  digestive  power  of  the  gastro-intestinal  tract ;  so  that  if  food 
can  be  got  into  the  stomach,  the  nutrition  is  fairly  well  maintained. 
Similar  remarks  apply  to  cases  of  obstruction  by  a  growth  at  the  cardiac 
end  of  the  stomach.  When  the  pylorus  is  obstructed  either  by  a  new 
growth,  by  contraction  from  an  old  ulcer,  or  by  spasm  of  the  sphincter,  a 
condition  of  chronic  starvation  also  results.  Although  the  food  enters  the 
stomach,  and  to  a  more  or  less  extent  is  there  digested,  a  sufficient  amount 
is  not  absorbed  to  maintain  the  nutrition  of  the  body ;  and  in  the  later 
stages  of  the  dilatation  of  the  stomach  which  ensues  there  is  bacterial 
fermentation  of  the  food,  which  not  only  destroys  the  greater  proportion 
of  carbohydrates  taken  in  as  food,  but  leads  to  the  vomiting  of  the  partly 
digested  food.  That  the  observed  effects  of  chronic  obstruction  of  the 
pylorus  are  mainly  those  of  chronic  starvation,  is  shown  by  the  fact  now 
frequently  observed,  that  when  a  communication  is  made  between  the 
stomach  and  the  jejunum,  as  in  the  operation  of  gastro-enterostomy,  the 
patient,  even  in  cases  of  cancer,  may  improve  greatly,  gaining  in  some 
cases  as  much  as  two  stone  in  weight.  The  question  of  diet  in  these  cases, 
therefore,  resolves  itself  from  the  more  modern  point  of  view  into  the 


DISEASES  OF  THE  ALIMENTARY  TRACT.  833 

treatment,  purely  palliative,  of  those  cases  which  are  not  suitable  for  surgical 
interference. 

Chronic  obstruction  in  the  small  intestine  is  not  a  common  condition. 
When  it  occurs  in  the  duodenum  as  the  result  of  the  contraction  of  an 
ulcer,  the  results  are  the  same  as  those  of  pyloric  obstruction.  Obstruc- 
tion elsewhere  in  the  small  intestine  is  rare.  Obstruction  in  the  large 
intestine,  either  at  the  commencement  or  at  one  of  the  flexures,  results  in 
dilatation  of  the  gut  on  the  proximal  side,  with  stagnation  of  the  contents. 
The  chief  results  are  putrid  decomposition  of  the  faeces,  frequently  result- 
ing in  a  condition  of  intoxication  of  the  body.  The  failure  of  nutrition 
does  not  arise  from  a  deficiency  of  food,  since  this  may  be  fairly  well 
digested  and  absorbed  in  the  small  intestine.  It  must  be  remembered  that 
the  chief  food-stuff  which  aids  the  fermentation  of  the  large  gut  is  the 
carbohydrate,  and  especially  starches. 

The  second  and  third  headings  mentioned  above  include  mainly  the 
functional  disorders  of  the  alimentary  tract.  The  fourth  heading  includes 
those  cases  of  bacterial  fermentation  most  of  which  occur  in  some  organic 
obstruction  in  the  stomach  or  of  the  large  gut. 

In  discussing  the  dietetics  of  disordered  digestion,  the  great  idio- 
syncrasy with  regard  to  food  which  is  met  with  must  be  remembered. 

The  three  objects  to  be  borne  in  mind  are — (1)  To  give  the  patient  in 
the  day  only  just  as  much  food  as  the  stomach  and  intestine  can  digest  and 
manipulate ;  (2)  to  remove  irritants  from  the  dietary ;  (3)  to  remove  the 
substances  which,  in  cases  of  bacterial  fermentation  of  the  food,  are 
decomposed  by  bacteria. 

Digestion  of  the  food  in  the  stomach  is  not  quite  the  same  as  manipula- 
tion. In  healthy  conditions  the  food  may  from  its  character  and  bulk  be 
with  difficulty  manipulated  by  the  stomach,  the  peristalsis  may  diminish 
before  digestion  is  complete,  and  so  the  last  portions  of  the  meal  are  not 
expelled  into  the  duodenum.  In  a  disordered  and  diseased  stomach  this 
frequently  occurs ;  in  gastric  insufficiency  and  gastric  catarrh,  in  which 
both  secretion  and  motor  activity  are  affected ;  and  in  gastric  irritation, 
where,  although  there  may  be  an  excessive  secretion  of  hydrochloric  acid, 
there  is  frequently  a  diminished  motor  activity. 

In  the  majority  of  cases  of  gastric  disorder  the  food  must  be  diminished 
in  quantity,  inasmuch  as  the  stomach  is  unable  to  cope  with  the  normal 
amount :  in  gastric  insufficiency  and  gastric  catarrh,  because  of  the  de- 
ficiency in  function ;  in  gastric  irritation  and  ulcer,  because  of  the  irrit- 
ability of  the  organ.  Sometimes  feeding  by  the  mouth  has  to  be  replaced 
by  rectal  feeding  (see  p.  848).  In  an  ordinary  diet,  substances  are  taken 
with  the  food  which  are  undigested,  and  these,  with  some  of  the  other 
constituents  of  the  diet,  act  as  irritants  in  disease,  and  may  be  the  sole 
agents  in  keeping  up  the  disordered  condition.  The  chief  irritant  sub- 
stances are  as  regards  the  food  itself :  too  large  a  quantity  of  organic  acids 
or  organic  salts  (acetic,  lactic,  tartaric,  etc.) ;  an  excessive  amount  of  carbo- 
hydrates (starch  and  sugar)  and  of  fats  in  the  dietary ;  and  a  large  amount 
of  cellulose.  As  regards  the  food  accessories,  these  are  all  irritants  or  tend 
to  become  so  in  gastric  disorders,  especially  when  taken  in  anything  like  a 
concentrated  form.  The  most  important  are  alcohol  (especially  the  acid 
wines  and  beer),  tea,  coffee,  pepper,  spices,  and  hot  sauces. 

The  diet  to  be  adopted  in  each  particular  case  of  disease  or  disorder 
cannot  be  rigidly  defined.  It  must  be  regulated  according  to  the  degree 
of  alteration  of  the  functions  of  the  digestive  organs,  according  to  the 
53 
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degree  of  irritation  and  irritability  of  the  organs,  and  according  to  the 
nature  of  the  organic  disease  present,  inflammation,  degeneration,  ulcer,  or 
cancer. 

The  most  practical  way  in  which  the  dietetics  may  be  considered  is  by 
treating  the  subject  under  three  headings — (1)  Where  there  is  evidence  of 
chronic  irritation  of  the  stomach  ;  (2)  where  this  condition  is  present  with 
great  irritability,  as  shown  by  pain  and  vomiting ;  (3)  where  there  is 
great  diminution  in  the  functions  of  the  organ,  with  or  without  marked 
dilatation. 

Chronic  irritation  of  the  stomach. — Such  cases  are  characterise^ 
by  the  presence-  of  symptoms  for  long  periods,  and  by  the  occurrence 
of  acute  or  subacute  exacerbations.  According  to  the  severity  of  the 
symptoms  present,  so  must  the  diet  be  altered  ;  and,  in  the  majority  of 
instances,  a  graduated  diet  is  to  be  adopted.  A  strictly  liquid  diet  may 
have  to  be  given ;  a  modified  liquid  diet,  mixed  milk  and  solid  diet,  or  a 
modified  ordinary  diet. 

In  the  strictly  liquid  diet  cow's  milk  alone  is  to  be  taken,  previously 
boiled,  sterilised,  or  Pasteurised,  and  taken  lukewarm,  not  hot  or  cold.  As 
much  as  3  to  5  pints  of  milk  are  to  be  taken  in  the  twenty-four  hours. 
The  milk  may  be  flavoured  several  times  in  the  day  with  one-third  part 
tea,  coffee,  or  cocoa.  The  diet  is  to  be  continued  until  the  severe  symptoms 
disappear,  which  may  be,  in  the  milder  cases,  only  three  or  four  days ;  in 
the  severer  cases,  two  to  four  weeks.  With  this  diet  the  distress  of  diges- 
tion and  the  vomiting  are  relieved  in  the  majority  of  cases. 

In  the  modified  liquid  diet,  carbohydrate  food  is  added  two  or  three 
times  a  day ;  and  fresh  meat  juice  is  a  useful  addition,  or  the  white  of  egg. 
Such  a  diet  may  be  described  as  follows  : — 

For  breakfast,  bread  and  milk,  made  with  the  crumb  of  white  bread 
and  passed  through  a  sieve,  or  milk  boiled  with  two  tablespoonfuls  of  baked 
flour,  which  has  been  baked  in  the  oven  till  it  is  quite  brown,  not  burnt. 
For  the  mid-day  meal,  milk  and  Benger's  food  made  quite  thin,  with 
the  white  of  an  unboiled  egg  beaten  up  in  it ;  a  little  salt  being  added. 
Arrowroot  may  be  substituted  for  the  Benger's  food,  or  one  or  two  table- 
spoonfuls  of  meat  juice  added  instead  of  the  egg.  For  the  evening  meal,  a 
basin  of  milk  as  at  breakfast.  In  between  meals  a  patient  may  be  allowed 
a  small  quantity  of  milk,  flavoured  with  tea  or  coffee,  and  at  bedtime  a 
glass  of  milk  may  be  taken. 

The  amount  of  milk  and  the  kind  of  milk  to  be  used  in  this  dietary,  as 
well  as  the  kind  of  carbohydrate  food,  is  a  matter  of  experience  in  each 
individual  case.  It  may  be  found,  for  example,  that  skimmed  milk  (that  is, 
centrifugalised  milk)  is  better  borne  than  the  full  milk,  and  once  or  twice 
in  the  day  peptonised  milk  may  be  given.  In  some  cases,  instead  of  bread 
or  arrowroot,  malted  foods  are  preferable.  Sometimes  milk,  either  full  or 
skimmed  milk,  is  not  well  borne.  Some  patients  have  a  rooted  dislike  to 
it.  In  most  of  such  cases,  however,  a  small  quantity  of  milk  can  be  taken, 
and  serve  as  a  liquid  basis  of  the  diet.  It  is  well,  therefore,  to  dilute  the 
skimmed  milk  with  water,  add  to  it  either  the  white  of  an  egg  or  two 
tablespoonfuls  of  meat  juice,  as  well  as  some  carbohydrate  food;  the  mixture 
being  flavoured  with  salt  and  sometimes  with  tea  or  coffee. 

In  the  milder  cases  of  irritation,  a  mixed  milk  and  solid  diet  is  well 
borne.  This  diet  is  given  in  two  forms,  in  one  of  which  milk,  carbohydrate 
food,  pounded  fish  or  chicken,  scraped  steak  or  beaten  eggs,  and  bread  and 
butter  are  given.  In  the  second  the  same  articles  of  diet  are  given, 
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except  that  the  fish  and  chicken  is  not  pounded  nor  the  steak  scraped. 
In  such  cases  the  chief  meal  is  to  be  taken  in  the  middle  of  the  day,  the 
evening  meal  taken  not  later  than  six,  and  should  consist  chiefly  of  milk, 
with  bread  and  butter  or  an  egg.  Both  these  diets  have  for  their  basis  the 
prescription  of  milk,  fish,  eggs,  and  bread  as  the  chief  articles,  all  green 
vegetables,  potatoes,  prepared  foods,  and  food  accessories  being  disallowed. 
Any  article  of  food  which  disagrees  is  to  be  discontinued. 

A  modified  ordinary  diet  may  be  described  as  an  ordinary  diet  which 
retains  the  most  digestible  food  articles  and  excludes  the  indigestible  and 
the  irritant.  No  rigid  rules  can  be  laid  down  regarding  the  digestibility  or 
iudigestibility  of  any  particular  food  article  in  any  individual  case.  What 
may  be  indigestible  in  one  patient  is  digested  without  discomfort  in  another. 
It  is  therefore  indispensable  for  successful  treatment  to  ascertain  in  each 
pase  the  effects  of  articles  of  diet  in  producing  symptoms.  It  is  also 
essential  to  refer  again  to  the  fact  that  in  a  dietary  there  should  not  be  too 
great  a  preponderance  of  one  class  of  food-stuffs,  and  especially  of  carbo- 
hydrates and  fats,  which,  not  being  digested  in  the  healthy  stomach,  are 
with  difficulty  manipulated  by  the  disordered  organ.  The  irritants  in  food 
which  should  be  removed  from  the  diet  for  the  successful  treatment  of  the 
cases  under  consideration  are  : — 

1.  Those  vegetables  and  articles  of  food  containing  a  large  amount  of 
cellulose  in  their  composition  ;  brown  and  other  whole  meal  breads,  oatmeal, 
coarse  vegetables,  such  as  cabbage,  uncooked  green  food. 

2.  Vegetables  containing  an  irritant  active  principle,  such  as  turnips, 
onions,  asparagus. 

3.  Fruits  containing  a  large  amount  of  organic  acid,  free  or  combined. 
4  Alcoholic  drinks  for  the  most  part,  not    only  on  account  of  the 

alcohol  they  contain,  but  of  the  organic  acids. 

5.  Other  food  accessories,  especially  strong  tea,  hot  spices,  and  condi- 
ments. 

6.  All  cured  foods,  on  account  of  their  close  texture  and  the  irritant 
bodies  with  which  they  are  impregnated  during  the  process  of  curing,  or 
which  develop  from  incipient  decomposition. 

The  following  list  of  food  articles  which  may  be  allowed  or  are  to  be 
avoided,  may  be  useful: — 

Food  articles  to  "be  avoided. — 1.  Proteid  food  articles. — Beef  in  many 
instances,  owing  to  its  close  texture  and  the  large  amount  of  sarcolactic 
acid  it  contains  ;  but  in  certain  forms,  such  as  fillet  steak,  it  may  be  given. 
Pork  in  any  form.  Fish,  such  as  eel,  cod,  turbot,  halibut,  and  all  fried, 
dried,  or  cured  fish.  Twice-cooked  food,  as  this  hardens  the  flesh  and 
makes  it  indigestible.  Made  dishes  with  rich  sauces.  High  game  of  all 
kinds ;  that  is,  flesh  which  has  been  hung  until  decomposition  commences. 
Goose,  duck,  tinned  and  cured  meats,  prepared  meats,  meat  pasties,  brawn, 
ham  ;  in  most  instances,  smoked  meat. 

2.  Carbohydrate  food  articles. — Potatoes  in  many  cases,  uncooked  green 
vegetables,  such  as  celery,  watercress,  lettuce,  endive,  tomatoes.     Cooked 
vegetables  and  other  foods  containing  much  cellulose,  such  as  cabbage, 
brown  bread,  and  coarse  oatmeal.     Pastry,  and  all  close-set  puddings  and 
sweet  biscuits.     Irritant  vegetables  :  onions,  shalots,  asparagus.    All  fruits, 
cooked  or  uncooked,  except  baked  apples,  grapes,  oranges,  and  lemons,  the 
juice  only  of  each  is  to  be  swallowed. 

3.  Fatty  food  articles. — All  fats,  except  cows'  fat,  butter,  and  cows' 
milk. 
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4.  All  food  accessories. — Alcoholic  drinks,  strong  acid  wines,  such  as 
port  and  sherry ;  all  white  wines  and  Burgundy ;  all  unmatured  wines  and 
spirits. 

Strong  tea  and  coffee. 

All  hot  spices  and  sauces,  except  mustard  and  vinegar  in  moderation. 

Food  articles  allowed. — 1.  Proteid  food  articles. — Beef  in  certain  forms. 
Mutton  in  the  form  of  a  joint,  chop,  or  cutlet,  boiled  or  roast.  Chicken, 
preferably  boiled.  Boiled  fish  (plaice,  sole),  and  eggs  lightly  boiled.  All 
articles  must  be  plainly  cooked. 

2.  Carbohydrate  food  articles. — Potatoes  boiled  and  rubbed  through  a 
sieve,  spinach,  fresh  green  peas,  occasionally  cauliflower  and  seakale,  all 
plainly  cooked.     Arrowroot,  tapioca,  sago,  made  into  puddings  with  a  large 
quantity  of  milk,  baked  flour  with  milk,  white  bread,  and  in  some  cases, 
plain  unsweetened  biscuits. 

3.  Fatty  food  articles. — Butter.     Cream  in  rare  instances. 

4.  Food  accessories. — As  a  rule,  patients  do  better  without  alcoholic 
drinks.     If  taken,  they  must  be  given  only  with  meals  and  in  a  diluted 
form.    The  least  harmful  are  matured  whisky  and  brandy  up  to  1  oz.  daily ; 
Bordeaux,  two  glasses  with  the  principal  meal ;  dry  champagne,  one  glass 
in  the  same  way. 

For  flavouring  agents,  a  small  quantity  of  bitter  almonds,  vanilla,  or 
mustard  may  be  used. 

In  the  majority  of  instances  the  chief  meal  is  best  taken  in  the 
middle  of  the  day.  No  food  or  drink  must  be  taken  after  7  P.M.,  nor 
between  meals. 

In  excessive  irritability  of  the  stomach,  in  which  there  is  persistent 
vomiting  or  great  pain,  peptonised  food  may  be  a  necessity.  Although  in 
some  cases  milk  can  be  taken,  feeding  by  the  rectum  may  have  to  be 
resorted  to  (see  p.  848).  In  such  acute  conditions,  it  is,  as  a  rule,  best 
to  begin  with  one  or  two  days'  rectal  feeding  before  giving  any  food  by  the 
mouth,  and  rectal  feeding  may  be  prolonged  if  it  is  well  borne.  Such  is  the 
case  in  acute  gastric  catarrh,  in  excessive  vomiting  and  pain,  in  chronic 
ulcer,  and  in  neurosis  of  the  stomach.  When  feeding  by  the  mouth  is 
begun,  milk,  beef  tea,  and  peptonised  milk  may  be  used.  The  milk  is  to  be 
boiled  or  sterilised  before  use ;  and  although  cows'  milk  is  usually  borne, 
asses'  milk  may,  in  some  cases,  be  found  preferable.  About  1  or  2  oz. 
of  milk  are  to  be  given  every  hour.  If  this  disagrees,  one-third  part  of 
water  or  soda  water  may  be  added  to  the  milk,  and  a  little  salt.  In  cases 
of  vomiting,  milk  is  to  be  given  cold  or  even  iced,  and  in  all  cases  it  should 
not  be  given  hot.  In  persistent  vomiting  it  is  sometimes  useful  to  add 
lime-water  to  the  milk,  in  the  proportion  of  1  in  4 ;  as  it  is  to  some 
extent  a  sedative  to  the  stomach,  and  it  helps  to  make  the  clots  of  casein 
much  finer  when  they  are  precipitated  in  the  stomach.  The  actual  amount 
of  milk  given  hourly  must  depend  on  its  effect  on  the  patient. 
If  it  disagrees,  it  may  be  either  diluted  or  it  may  be  given  at  longer 
intervals  than  an  hour.  In  some  cases  skim  milk  will  be  found  to  agree 
better  than  full  milk.  Any  increase  in  the  amount  given  must  be  very 
gradual.  Beef  tea  or  meat  essences  are  only  to  be  used  as  an  adjunct  to 
the  milk.  Peptonised  milk  may  be  substituted  for  the  milk  in  greater  or 
less  part,  and  the  peptonised  milk  must  never  be  bitter  to  the  taste. 

Chronic  irritation  of  the  small  intestine. — The  remarks  whicli  have 
been  made  as  to  the  dietetic  treatment  in  cases  of  chronic  irritation  of  the 
stomach,  apply  to  similar  conditions  met  with  in  the  small  intestine.  It 
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is  very  difficult  to  ascribe  the  particiilar  role  played,  either  by  stomach  or 
intestine,  in  cases  of  indigestion  of  food ;  but  in  some  cases  it  is  evident 
from  the  fact  that  symptoms  appear  some  time  after  the  digestion  of  food, 
and  are  not  referable  to  the  stomach,  that  the  small  intestine  is  at  fault. 
Irritation  of  this  part  is  shown  chiefly  by  the  sensation  of  the  irregular 
and  sometimes  painful  peristalsis,  and  by  the  distention  of  the  abdomen. 
The  dietetic  treatment  in  such  cases  of  irritation  is  the  same  as  that  just 
discussed ;  one  or  other  of  the  diets  above  mentioned  being  prescribed. 

Deficient  gastric  function. — Some  cases  of  so-called  gastric  in- 
sufficiency are  only  temporary,  and  occur  in  such  conditions  as  ansemia 
and  chlorosis,  the  debility  following  acute  febrile  disease,  that  associated 
with  prolonged  lactation,  or  with  excessive  anxiety  and  overwork.  Other 
cases,  however,  are  more  or  less  permanent,  and  are  associated  with  old 
age,  with  chronic  Bright's  disease,  malignant  disease,  albuminoid  disease, 
and  chronic  suppuration.  In  these  cases  of  permanent  gastric  insufficiency 
there  is  not  infrequently  degeneration  of  the  glands  of  the  stomach. 
The  dietetic  treatment  of  temporary  gastric  insufficiency  must  go  hand- 
in-hand  with  both  medicinal  and  hygienic  treatment.  The  same  prin- 
ciples which  have  been  discussed  in  the  treatment  of  gastric  irritation 
apply  to  those  of  gastric  insufficiency,  with  the  exception  that,  although 
all  irritant  substances  are  to  be  removed  from  the  dietary,  it  may  be 
found  necessary  to  allow  a  small  quantity  of  alcohol  with  meals.  In  the 
treatment  of  permanent  gastric  insufficiency,  peptonised  food  is  of  the 
greatest  importance,  and  may  be  administered  in  the  various  forms 
described  later. 

Dilatation  of  the  stomach. — A  moderate  degree  of  dilatation  of  the 
stomach  may  be  associated  with  functional  disorder,  either  irritative  or  due 
to  insufficiency  of  secretion.  This  dilatation  varies  considerably  from  time 
to  time,  and  differs  considerably  from  permanent  dilatation  of  the  stomach, 
which  is  chiefly  associated  with  pyloric  obstruction ;  inasmuch  as  these 
latter  cases  are  frequently  associated  with  profound  nutritional  changes 
in  the  body,  and  bacterial  fermentation  of  the  stomach  contents  is  con- 
stantly present. 

In  the  slight  cases  of  dilatation  which  are  due  chiefly  to  atony  of  the 
wall  (myasthenia),  no  special  dietetic  treatment  other  than  that  already 
described  is  necessary.  In  cases  of  permanent  dilatation,  however,  food 
may  be  given — 

(1)  By  the  mouth,  in  cases  where  the  bacterial  fermentation  is  con- 
trolled by  remedies ;  (2)  by  the  stomach  tube,  after  the  organ  has  been 
washed  out ;  (3)  by  the  rectum  in  nutrient  enemata. 

Kectal  feeding  in  some  of  these  cases  is  very  beneficial:  signs  of 
irritation  and  irritability  subside,  the  dilatation  becoming  less  marked,  and 
the  patient  improving  in  his  general  condition.  The  duration  of  the  rectal 
feeding  cannot  be  specified ;  it  may  be  only  for  a  few  days,  or  it  may  be 
for  a  month.  When  the  stomach  is  prepared  for  receiving  food,  the  feed- 
ing must  be  begun  very  gradually,  and  in  the  manner  described  in  the 
dietetic  treatment  of  gastric  irritation.  It  is,  however,  to  be  remem- 
bered that  carbohydrates  have  to  be  given  very  sparingly,  and  not  in  the 
form  of  starchy  foods,  in  order  to  prevent  any  recurrence  of  the  bacterial 
fermentation.  Washing  out  the  stomach  is  a  useful  procedure  in  some 
cases,  in  order  to  remove  the  unabsorbed  remnants  of  the  food ;  and  for 
that  purpose  it  is  as  well  to  do  it  at  night,  in  order  to  enable  the  patient 
to  obtain  a  good  night's  rest,  food  being  given  only  during  the  day.  In 
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permanent  dilatation  the  amount  of  liquid  food  must  be  carefully  regu- 
lated :  and  it  is  frequently  advisable  to  give  the  food  only  in  a  solid  form, 
as  meat  balls,  scraped  steak,  pounded  fish,  etc.,  a  small  quantity  of  liquid 
being  taken  afterwards. 

Bacterial  fermentation  in  the  gastro  -  intestinal  tract.  —  In  the 
preceding  paragraph  the  principles  which  regulate  the  diet  in  bacterial 
fermentation  in  the  stomach  have  been  mentioned.  Dietetic  treatment 
must  go  hand  in  hand  with  other  treatment,  whether  surgical  or  medical ; 
the  chief  points  to  bear  in  mind  being  the  diminution  of  carbohydrate 
food,  and  the  administration  of  only  small  quantities  of  food  at  a  time, 
with  a  reduction  in  the  amount  of  liquid  given.  Bacterial  fermentation 
in  the  small  intestine  occurs  chiefly  towards  the  lower  part,  and  is  most 
frequently  associated  with  functional  disorder  of  the  stomach  itself.  The 
conditions  predisposing  to  fermentation  in  this  part  are  the  presence 
of  liquid,  and  the  neutralising  of  the  acid  contents  of  the  stomach  by  the 
alkaline  bile  and  the  pancreatic  juice.  Bacterial  fermentation  affects 
chiefly  the  carbohydrates  of  the  food ;  the  bacteria  producing  from  them, 
as  in  the  stomach,  organic  acids,  such  as  lactic  and  butyric,  and  various 
gases — carbonic  acid,  nitrogen,  and  hydrogen.  The  dietetic  treatment  dues 
not  differ  from  that  indicated  above.  In  the  large  intestines  the  bacteria 
taken  in  with  food,  the  growth  of  which  is  inhibited  in  the  stomach  and  is 
increased  somewhat  in  the  lower  part  of  the  small  intestine,  are  multiplied 
to  a  very  great  extent,  and  are  passed  in  the  faeces ;  and  this  although  the 
water  of  the  digested  food  is  to  a  great  extent  removed  by  the  large 
intestine.  Bacterial  decomposition  is  of  frequent  occurrence  in  the  large 
gut.  In  some  cases  it  is  to  be  ascribed  to  imperfectly  cooked  articles  of 
food  which  have  been  eaten,  and  which  are  in  a  state  of  incipient  decom- 
position. In  other  cases,  however,  and  these  are  more  common,  both  the 
peristalsis  and  absorption  in  the  large  intestine  are  interfered  w.ith,  so  that 
it  contains  for  a  longer  time  than  usual  matter  containing  a  large  amount 
of  liquid,  which  predisposes  to  the  development  of  bacteria.  Such  cases 
are  frequently  observed  when  there  is  ulceration  of  the  mucous  membrane, 
as  in  chronic  dysentery  and  other  forms  of  ulceration  of  the  colon,  when 
there  are  adhesions  round  the  caecum  or  other  part,  when  there  is  obstruc- 
tion to  the  gut  as  in  cases  of  cancer,  and  in  some  cases  of  appendicitis. 
The  dietetic  treatment  of  bacterial  decomposition  in  the  large  intestines, 
where  there  is  no  permanent  defect  in  the  gut,  is  the  same  as  that  pre- 
viously discussed ;  except  that  a  milk  diet,  with  a  diminished  quantity  of 
carbohydrates,  and  abstention  from  butcher's  meat,  vegetables,  and  fruit,  is 
essential.  In  the  more  severe  cases  of  bacterial  decomposition,  which  are 
due  to  organic  lesions,  dieting  is  but  of  little  avail  in  the  treatment,  and 
the  food  is  to  be  prescribed  on  the  general  principles  already  discussed. 

Vomiting. — Vomiting  may  be  due  to  different  causes,  and  may  be 
excited  reflexly  by  excessive  cough,  by  irritable  conditions  of  the  stomach, 
liver,  and  gall  bladder,  and  by  diseases  of  the  uterus,  kidneys,  peri- 
toneum, and  intestine.  Vomiting  is  also  excited  by  great  pain.  The 
main  conditions,  however,  at  present  to  be  discussed  are  those  in  which 
vomiting  is  repeated.  These  conditions  are  three  in  number — (1)  Nervous  ; 
(2)  local  conditions  of  the  stomach ;  (3)  toxoemia,  or  other  general 
conditions. 

The  most  severe  cases  of  vomiting  occur  in  those  cases  of  neiirasthenia 
which  are  associated  with  gastric  symptoms.  The  local  conditions  of  the 
stomach  associated  with  repeated  vomiting  are  those  of  inflammation, 
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under  the  general  title  of  gastritis,  and  cases  in  which  there  is  great  pain 
during  digestion,  as  in  ulcer  of  the  stomach  and  aggravated  gastric 
irritation,  and  cases  in  which  the  pylorus  is  obstructed ;  with  pressure  on 
the  stomach,  as  in  cases  of  abdominal  tumour  or  of  ascites.  Cirrhosis 
of  the  liver,  in  which  there  is  chronic  venous  congestion  of  the  stomach, 
may  be  associated  with  severe  vomiting.  Repeated  vomiting  is  a  feature 
in  some  forms  of  toxaemia,  notably  in  severe  cases  of  diphtheria,  in  some 
cases  of  typhoid  fever,  and  septicaemia.  Vomiting  which  occurs  in  chronic 
renal  disease,  may  be  described  as  the  effect  of  poison.  Morning  vomiting 
after  breakfast  is  not  uncommonly  to  be  ascribed  to  smoking  soon  after  the 
meal ;  but  it  may  be  due  to  renal  disease,  alcoholism,  or  pregnancy. 

The  treatment  by  diet  in  repeated  vomiting  must  go  hand  in  hand  with 
other  treatment  directed  to  the  cure  of  the  condition,  such  as  rest  and 
medicinal  treatment.  As  a  rule,  repeated  vomiting  has  to  be  treated 
in  the  manner  previously  discussed  as  suitable  in  acute  conditions  of  the 
stomach :  by  rectal  feeding,  which  is  followed  by  the  administration  of 
small  quantities  of  liquid  food  by  the  mouth.  In  some  cases,  however, 
of  nervous  vomiting,  with  or  without  pain  in  the  stomach,  although  rectal 
feeding  may  be  tried,  the  patient  is  not  infrequently  best  treated  by  the 
administration  of  small  quantities  of  digestible  solid  food  by  the  mouth ; 
indeed,  this  method  sometimes  succeeds  when  feeding  by  liquid  food  and 
per  rectum  fails. 

Diarrhoea. — A  diet  with  an  excess  of  vegetable  food,  or  consisting 
solely  of  vegetable  food,  produces  copious  soft  faeces,  containing  a  large 
quantity  of  water;  one  with  an  excess  of  animal  food  produces  scanty 
and  tenacious  faeces.  Comparing  a  mixed  with  a  vegetable  diet,  Schuster 
found  that  the  faeces  in  the  latter  were,  when  dried,  more  than  double 
that  in  the  former,  while  a  large  amount  of  proteid  from  the  vege- 
table diet  was  unabsorbed.  Besides  the  large  amount  of  undigested 
matter  which  is  passed  out  of  the  body  in  excessive  ingestion  of  some 
forms  of  vegetable  food,  a  large  amount  of  gas  is  formed  in  the  intestines. 
As  a  rule,  it  may  be  said  that  articles  of  diet  which  have  a  large  indigest- 
ible residue  tend  to  produce  copious  loose  motions ;  sometimes  by  increas- 
ing the  peristalsis  and  retaining  a  large  amount  of  water  in  the  large 
intestine,  as  is  the  case  with  most  vegetables,  and  with  oatmeal  and  brown 
bread ;  sometimes  simply  by  retaining  water  in  the  intestines,  as  in  large 
doses  of  extract  of  malt ;  and  in  other  cases,  such  as  when  there  is  an  excess 
of  fat  in  the  diet,  by  the  presence  in  the  intestine  of  the  liquid  undigested 
fatty  substance.  An  excess  of  meat  will  sometimes  produce  looseness  of 
the  bowels,  probably  owing  to  the  sarcolactic  acid  it  contains.  Fruits  act 
partly  by  the  large  amount  of  undigested  matter  they  contain,  and  partly 
by  the  organic  acids  present.  A  diet  of  meat  as  a  rule  causes  constipation, 
chiefly  because  it  is  almost  completely  digested ;  so  with  milk  and  eggs 
and  white  bread.  Jams  and  pastry  are  also  constipating ;  tea  and  coffee 
act  irregularly.  An  excess  of  alcohol  tends  to  looseness  of  the  bowels, 
both  in  the  beer  and  whisky  drinker.  In  some  cases  milk  causes  a 
tendency  to  looseness  of  the  bowels,  even  if  it  be  previously  boiled.  This 
tendency  must  be  considered  as  an  idiosyncrasy,  and  is  no  doubt  due  to 
the  fact  that  the  milk  taken  by  itself  is  in  these  cases  rapidly  passed  into 
the  duodenum,  setting  up  an  active  peristalsis. 

The  dietetic  treatment  of  diarrhoea  must  go  hand  in  hand  with  other 
treatment.  In  cases  where  diarrhoea  is  due  presumably  to  a  toxaemia, 
such  as  in  chronic  renal  disease,  the  diet  does  not  differ  much  from  that 


840  DIET. 

prescribed  for  the  general  condition.  In  cases,  however,  in  which  diarrlm  a 
is  due  to  the  excitability  of  the  nervous  mechanism,  as  when  it  -comes  on 
after  food,  after  hot  drinks,  and  on  excitement,  the  diet  is  to  be  prescribed 
on  general  principles;  removing  from  the  dietary  all  irritant  articles  of 
food,  and  giving  only  the  most  digestible  articles,  plainly  cooked.  If 
the  diarrhoea  is  associated  with  ulceration  of  the  intestine,  only  the  most 
digestible  food  is  to  be  given.  If  the  ulceration  is  in  the  small  intestine, 
milk  alone  is  a  suitable  diet,  inasmuch  as  the  interference  with  the 
functions  of  the  small  intestine  prevents  proper  digestion  of  starchy  food 
and  of  fats.  Fresh  meat  juice  is  in  these  cases  suitable  for  administration. 
If  the  ulceration  is  in  the  large  intestine,  although  milk  must  be  the  basis 
of  any  diet  prescribed,  raw  minced  meat  or  partly  cooked  minced  meat  is 
frequently  suitable.  Again,  milk  may  be  mixed  with  barley-water  or  rice- 
water,  both  of  which  are  prepared  for  these  cases  by  boiling  the  rice  or 
barley,  after  washing,  in  a  large  quantity  of  water  and  straining  it.  It  is 
often  useful  to  prescribe  the  starch  in  these  cases  after  heating  with  water, 
so  as  to  form  a  jelly. 

Gelatin  in  the  form  of  calf's-foot  jelly  is  sometimes  suitable  for 
administration  in  these  cases,  inasmuch  as  this  substance  is  almost  com- 
pletely digested  in  the  stomach  and  upper  part  of  the  small  intestine. 
If  there  is  well-marked  bacterial  decomposition  of  the  intestinal  contents, 
carbohydrate  food  is  unsuitable,  as  it  tends  to  increase  the  bacterial  fer- 
mentation. In  these  cases,  therefore,  it  is  best  to  rely  on  a  milk  diet,  with 
an  addition  of  jelly  in  the  form  of  gelatin  and  fresh  meat  in  one  of  the 
forms  previously  described. 

Alimentary  haemorrhage. — Diet  in  haemorrhage  must  be  considered 
from  different  points  of  view.  In  one  class  of  cases  the  blood  comes  from 
the  stomach  or  duodenum,  and  the  bleeding  is  due  to  some  local  lesion 
present  there.  Such  cases  have  to  be  treated  at  first  by  a  period  of  rectal 
feeding,  succeeded  by  a  graduated  feeding  by  the  mouth,  commencing  with 
the  liquid  diet  which  has  been  previously  described.  In  cases,  on  the  other 
hand,  of  bleeding  from  the  lungs,  as  in  the  haemoptysis  of  tuberculosis,  and 
in  other  forms  of  severe  haemoptysis,  although  there  is  no  local  lesion  in  the 
stomach  or  intestine  to  prevent  the  administration  of  a  solid  diet,  yet  it  is 
important  to  greatly  reduce  the  dietary,  in  order  to  aid  in  the  prevention 
of  the  recurrence  of  the  haemorrhage.  If  the  haemoptysis  is  due  to  mitral 
stenosis,  this  reduction  in  diet  is  not  so  essential  as  when  there  is  hiemor- 
rhage  in  pulmonary  tuberculosis.  In  the  latter  disease  the  haemorrhage 
is  as  a  rule  detrimental  to  the  patient's  condition,  but  in  mitral  stenosis  it 
not  infrequently  relieves  the  circulatory  distress.  What  may  be  called  an 
haemoptysis  diet  is  as  follows: — Milk,  \\  pint;  meat  essence,  2  oz. ;  bread, 
4  oz. ;  and  butter,  \  oz.,  in  the  shape  of  small  thin  sandwiches.  Ice  may 
be  given  to  suck.  The  heat  energy  of  this  dietary  is  much  below  the 
normal,  being  equal  to  about  929'3  calories,  of  which  578'5  are  contributed 
by  the  milk,  293  by  the  bread,  and  57'8  by  the  butter. 

ACUTE  FEBRILE  CONDITIONS. — -In  acute  conditions  associated  with 
greater  or  less  rise  of  the  body  temperature,  the  diet  has  to  be  greatly 
reduced,  and  limited,  as  a  rule,  to  a  liquid  and  digestible  food.  The  con- 
dition of  fever  in  these  conditions,  caused  as  it  is  by  the  circulation  of 
toxic  substances  in  the  blood,  produces  a  great  diminution  of  the  functional 
activity  of  the  tissues;  thus  there  is  a  diminution  in  the  amount  and 
quality  of  the  digestive  secretions  of  the  salivary  glands,  stomach,  and 
pancreas,  as  well  as  a  diminution  in  the  motor  activity  of  the  stomach  and 


ACUTE  FEBRILE  CONDITIONS.  841 

intestines.  This  diminution  is,  of  course,  more  marked  if  there  is  a  local 
lesion  in  the  intestine,  such  as  the  ulceration  in  the  small  intestine  occur- 
ring in  typhoid  fever.  Besides,  however,  this  effect  on  the  digestive  appa- 
ratus, there  is  a  diminution  of  function  on  the  part  of  the  tissues,  and  a 
diminished  interchange  of  fluid  between  the  tissues  and  the  blood  and 
lymph  streams.  The  change  of  function  in  the  tissues  is,  however,  not 
solely  one  of  diminution.  The  body,  for  example,  lives  on  its  fat  during  the 
fever.  To  a  varying  extent  in  different  diseases  there  is  an  increased 
destruction  of  the  proteids  of  the  body,  resulting  in  an  increased  formation 
of  urea ;  so  that  the  nitrogenous  equilibrium  is  greatly  disordered.  These 
changes  are  not  solely  due  to  the  febrile  condition,  that  is,  to  the  mere  fact 
of  the  body  temperature  being  higher  than  normal,  but  are  mainly  due  to 
the  effect  on  the  tissues  of  toxic  bodies  circulating  in  the  blood,  as  these 
bodies  produce  wasting  apart  from  causing  fever.  In  cases,  therefore, 
of  prolonged  fever  due  to  infection,  sufficient  food  cannot  be  given  to  main- 
tain the  body  weight,  for  two  reasons — (1)  the  diminished  digestive  capa- 
bility of  the  patient ;  and  (2)  the  disorganised  metabolism  of  the  tissues. 
In  an  acute  disease  such  as  pneumonia,  the  total  amount  of  food  articles 
taken  during  the  day  is  much  below  the  normal,  but,  owing  to  the  short 
duration  of  the  disease,  no  great  wasting  is  observed.  In  diseases  such  as 
diphtheria,  although  a  diminished  quantity  of  food  is  taken,  the  wasting  which 
subsequently  results  is  due  more  to  the  effect  of  the  poisons  on  the  tissues 
than  to  the  diminished  quantity  of  food.  In  typhoid  fever,  on  the  other 
hand,  there  is  a  prolonged  and  -profound  effect  on  the  secretion  of  the 
digestive  juices  and  on  the  motility  and  absorptive  power  of  the  small 
intestine.  In  these  diseases,  however,  the  advanced  wasting  which  is 
observed  is  due  as  much  to  the  toxsemic  condition  as  to  the  diminished 
quantity  of  food.  The  febrile  patient  requires  food  articles  in  the  same 
proportion  as  the  normal  individual ;  but  the  amount  of  food  that  can  be 
given  is  regulated  not  only  by  the  conditions  described  above,  but  also  by 
the  fact  that  certain  food-stuffs  are  not  well  digested.  Fats,  for  example, 
are  not  well  borne,  and  if  given  in  any  quantity  are  passed  away  undi- 
gested. This  is  especially  so  if  there  is  disease  of  the  small  intestine. 
Carbohydrates  in  the  form  of  starch  are  also  unsuitable,  their  digestion 
being  imperfect,  so  that  they  are  passed  unchanged.  In  the  form  of  mal- 
tose, either  as  extract  of  malt  or  as  maltine,  they  are  of  distinct  service  in 
febrile  conditions,  inasmuch  as  they  seem  to  diminish  the  amount  of  pro- 
teid  destruction  occurring  in  the  body.  The  proteid  substances  to  be  given 
are  those  contained  in  cow's  milk,  which  are,  as  a  rule,  easily  digested ; 
but  of  great  service  also  are  white  of  egg  beaten  up,  and  fresh  meat  juice. 
The  addition  of  these  to  milk  is  of  great  service  as  increasing  the  amount 
of  digestible  proteid  in  the  diet.  Gelatin  is  also  of  great  service ;  for 
although  it  has  not  the  nutritive  value  of  the  proteids  of  milk,  eggs,  or 
meat,  it  can  to  some  extent  replace  these  in  the  dietary.  Beef  tea,  meat 
essences,  meat  extracts,  are  of  service  in  febrile  conditions,  partly  because 
they  contain  a  large  proportion  of  salts,  and  so  supply  the  loss  which 
occurs  during  fever,  but  more  particularly  because  they  act  as  food  acces- 
sories, being  flavouring  agents  and,  to  some  extent,  stimulants.  In  some 
cases  alcohol  in  small  doses  is  of  dietetic  value  in  febrile  diseases,  chiefly 
in  persons  of  middle  age  and  beyond.  Alcohol  may  have  another  value  in 
such  conditions,  namely,  acting  as  a  diffusible  stimulant.  But  the  point 
to  be  referred  to  now  is  the  administration  of  small  quantities,  say  one 
teaspoonful  at  a  time,  with  the  milk  diet,  to  act  as  a  stimulant  to  secretion 
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and  to  the  motor  activity  of  the  stomach.     That  it  is  of  service  in  this  way 
is  frequently  borne  out  in  clinical  observation. 

The  amount  of  the  ordinary  diet  which  is  prescribed  in  these  acute 
febrile  conditions  varies  considerably,  and  is  of  milk  from  2  to  5  pints, 
and  of  beef-tea  or  meat  essence  \  to  1  pint.  To  the  milk  may  be 
added,  twice  a  day,  the  white  of  one  or  two  eggs  beaten  up.  Extract  of 
malt  may  with  advantage  be  given  twice  daily,  and  a  small  portion  of  jelly. 
The  milk  itself  may  have  to  be  diluted,  but  if  this  is  done  a  pinch  of  salt 
must  be  added  to  it ;  and  it  may  be  flavoured  with  a  little  coffee,  tea,  or 
fresh  lemon  rind.  The  heat  value  of  this  diet  may  be  calculated  from  that 
of  the  milk,  which  is  the  staple  article  of  the  dietary.  One  litre  or  35  oz. 
of  milk  is  equivalent  to  675'1  calories ;  2'8  litres  or  5  pints  is  equi- 
valent to  1890'28  calories.  This  amount  is  contributed  in  the  following 
way : — 

Proteid  =    401-8 

Fat  =    937-44 

Carbohydrate  =    551-04 


Total,   1890-28  calories. 

Even  this  large  amount  of  milk  is  greatly  below,  in  heat  value,  that  of 
an  ordinary  diet,  which  is  as  follows : — 

Proteid  =      533 

Fat  =    -781-2 

Carbohydrate  =    1756-4 


Total,  3070-6  calories. 

In  a  milk  diet,  therefore,  the  greatest  deficiency  is  chiefly  in  respect  of 
the  carbohydrates,  and  there  is  no  question  that  this  is  a  common  fault  in 
the  diet  of  febrile  patients.  It  is  therefore  of  great  advantage  to  add,  not 
starch,  but  some  form  of  sugar,  lactose,  or  maltose  to  the  milk  diet ;  and 
patients  do  better  when  this  is  done  than  on  a  milk  diet  alone. 

DIABETES. — In  diabetes  the  chief  sign  of  a  disordered  metabolism 
is  shown  in  the  passage  of  a  large  quantity  of  urine  containing  varying 
proportions  of  sugar.  Of  the  many  kinds  of  cases  observed,  those  of 
acute  diabetes,  on  the  one  hand,  must  be  distinguished  from  those  of 
glycosuria  on  the  other,  which  may  only  be  a  symptom  in  certain  diseases, 
such  as  gout,  pancreatic  diseases,  and  cerebral  tumour  or  injury,  or  may 
occur  as  a  disorder  of  nutrition,  as  in  the  so-called  "  alimentary  "  diabetes. 
In  those  cases  which  may  be  called  true  diabetes,  the  causation  of  which  has 
not  been  clearly  defined,  there  is  a  profound  disorder  of  the  metabolism  of 
the  body,  in  which,  no  doubt,  that  of  the  liver  and  muscles  is  chiefly  affected. 
That  the  condition  of  the  diabetic  can  be  improved  by  diet,  shows  that  to 
some  extent  the  symptoms  are  due  to  the  presence  of  carbohydrates  in  the 
food.  One  object,  therefore,  is  to  reduce  the  carbohydrates  in  the  dietary, 
whereby  the  polyuria  is  diminished,  as  well  as  the  excretion  of  sugar,  and 
the  symptom  of  thirst  dependent  on  these  relieved.  Thus  all  sugar  is  to 
be  removed  from  the  dietary,  all  starch  foods,  and  only  those  food  articles 
given  in  which  these  substances  are  absent  or  greatly  deficient.  A  strict 
diet  for  a  diabetic  is  therefore  as  follows : — 

1.  Proteid  food. — All  meats  and  fats  are  allowable ;  all  fish.  Oysters 
and  other  shell-fish  are  not  allowable. 
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2.  Fatty  food. — Fatty  food  is  allowable  in  the  form  of  butter,  cream,  or 
meat  fat. 

3.  Carbohydrate  food. — Carbohydrate  food  for  the  most  part  must  be 
removed  from  the  dietary.     Ordinary  bread,  potatoes,  sweet  vegetal  >les  and 
fruits  containing  sugar,  jams,  and  other  articles  containing  sugar,  are  not 
allowable.     Gluten  bread  may  be  given,  though  it  frequently  contains  a 
fair  proportion  of  starch.     Biscuits  made  from  almond  flour  or  cocoa-nut 
flour,  or  soya  beans  may  be  tried,  as  they  contain  but  little  carbohydrate. 
There  are  also  in  the  market  breads  made  chiefly  from  proteid  matter.     In 
many  cases  it  is  better  to  allow  thin  brown  toast.     Many  vegetables  are 
to  be  allowed,  such  as  fresh,  uncooked  vegetables:  lettuce,  radishes,  and 
endive ;   cooked  vegetables,  such  as  cabbage,  spinach,  broccoli :   but  not 
turnips,  carrots,  or  fresh  peas.     All  sweet  and  strong  wines  are  not  allow- 
able, but  spirits  may  be  taken  in  small  quantity. 

The  disadvantage  of  such  a  dietary  to  the  individual  is  very  great,  inas- 
much as  many  patients  suffer  from  a  kind  of  bread  hunger  which  is  im- 
possible to  satisfy  by  means  of  either  gluten  bread  or  biscuits,  or  by  soya 
bread.  Not  infrequently  harm  is  done  by  not  partially  satisfying  this 
bread  hunger  by  means  of  thin,  dry  toast.  The  absence  of  sugar  from  the 
dietary  is  also  a  source  of  trouble,  and  it  cannot  be  completely  replaced  by 
saccharin,  which,  in  some  cases,  becomes  disagreeable  if  used  for  long 
periods.  The  strictness  of  the  diet  in  diabetes  and  glycosuria  depends  on 
the  condition  of  the  patient.  A  rapid  change  of  diet  in  subacute  diabetes 
is  frequently  harmful,  and  may  lead  to  coma.  The  change  in  diet  must 
be  made  very  gradually,  and  preferably  after  a  period  of  rest.  In  many 
cases  of  the  chronic  disease,  and  of  glycosuria,  it  is  sufficient  to  cut  off 
sugar  and  to  reduce  the  amount  of  carbohydrates ;  and  even  these  may  be 
allowed  in  small  quantity  when  the  patient  improves.  Indeed,  as  in  every 
disease,  the  treatment  of  chronic  diabetes  and  glycosuria  by  diet  is  a  matter 
of  experiment ;  no  rigid  rule  is  capable  of  being  formulated  for  the  uniform 
treatment  of  these  conditions. 

GOUT. —  Gout  may  be  complicated  by  indigestion  of  food,  usually  in 
the  form  of  gastric  irritation,  or  by  chronic  granular  contracted  kidney ; 
so  that  the  special  diets  suitable  to  either  of  these  conditions  may  have  to 
be  prescribed.  When  uncomplicated,  there  are  two  conditions  to  be  con- 
sidered— one  of  the  acute  attack,  the  other  that  of  chronic  or  irregular 
gout.  In  the  acute  attack  the  patient  is  to  be  treated  as  in  most  other 
inflammatory  conditions,  by  a  reduction  in  the  total  amount  of  food  taken. 
It  is  important,  however,  that  all  alcoholic  drinks  and  powerful  food  acces- 
sories should  be  removed  from  the  diet.  Further,  that  while  fats  and 
carbohydrates  are  also  to  be  diminished,  proteid  food-stuff's  must  be 
diminished  in  still  greater  proportion ;  that  is,  as  compared  with  normal 
diet.  The  diet  should  consist  chiefly  of  fish,  chicken,  toast  of  white  bread, 
and  milk ;  milk  puddings  and  butter  being  also  allowed.  In  the  chronic  or 
irregular  form  of  gout,  it  is  still  of  importance  to  remove  alcohol  from  the 
diet — beer  and  sweet  wines  absolutely,  although  whisky  and  brandy  may 
be  allowed  in  old  people,  and  in  others  with  cardiac  complications.  Meat 
once  a  day,  in  proper  proportion  of  fats  and  carbohydrates,  is  essential. 
At  any  other  meal  eggs  or  fish  may  be  taken. 

HEIGHT'S  DISEASE. — In  all  forms  of  Bright's  disease  there  are  two 
conditions  present  which  have  an  effect  in  determining  the  diet  to  be 
given.  There  is,  in  the  first  place,  a  diminished  functional  activity  in  the 
kidney ;  and,  in  the  second  place,  a  disordered  metabolism  of  the  tissues.  In 
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not  a  few  cases  the  processes  of  digestion  are  also  disordered,  and  vomiting 
may  occur.  These  cases  must  be  treated  on  the  lines  previously  laid  down  ; 
but  when  there  is  no  definite  affection  of  the  digestive  processes,  we  have 
still  to  deal  with  the  disordered  metabolism  of  the  tissues.  This  disordered 
metabolism  chiefly  affects  the  proteids ;  and  although  it  is  impossible  to 
say  exactly  what  takes  place,  there  is  no  doubt  that  one  of  the  signs  of  the 
disordered  metabolism  is  shown  in  the  irregular  formation  of  urea.  As  a 
rule,  therefore,  the  proteid  food-stuffs  and  the  extractives  of  meat,  such 
as  exist  in  beef-tea  and  meat  essences,  should  be  diminished  in  renal 
disease. 

In  acute  Bright's  disease  this  is  accomplished  by  the  prescription  of  a 
milk  diet :  from  3  to  5  pints  daily,  no  beef-tea  being  allowed ;  toast  and 
butter,  and  occasionally  vegetables  being  added  to  the  diet  if  they  agree. 
An  exclusively  milk  diet  must  not  be  continued  for  any  length  of  time  ;  and 
with  a  little  management  many  articles  of  food  can  be  added  without  doing 
any  harm,  such  as  articles  of  diet  containing  carbohydrates,  fruits  con- 
taining sugars  and  organic  acids,  white  bread  and  butter.  Fish  may 
sometimes  be  given,  but  as  long  as  there  is  a  likelihood  of  the  renal  condi- 
tion subsiding,  foods  which  contain  a  large  proportion  of  proteid  food-stuff 
must  be  withheld,  such  as  butcher's  meat  and  eggs. 

In  chronic  parenchymatous  nephritis,  although  milk  is  to  be  regarded 
as  the  basis  of  the  diet  when  there  is  a  large  amount  of  albumin  and  a 
diminished  quantity  of  urine,  yet  in  the  very  chronic  stage  harm  may  be 
done  by  relying  exclusively  on  milk,  to  the  exclusion  of  carbohydrate  and 
fat  foods,  which  not  only  benefit  the  nutrition  of  the  patient,  but  add  a 
variety  to  the  diet.  Meat  extracts  are  not  permissible,  but  in  many 
cases,  specially  those  of  long  duration,  it  is  advisable  to  allow  some  pro- 
teid food,  such  as  fish  or  chicken,  butcher's  meat  being  given  only  very 
occasionally. 

In  the  granular  contracted  kidney,  besides  the  relation  of  the  diet  to 
the  formation  of  urea,  we  have  to  consider  its  relation  to  the  condition  of 
arterial  blood  tension.  A  certain  degree  of  increase  of  arterial  blood 
tension  is  a  necessity  for  the  patient  with  this  disease,  in  order  that  the 
blood  may  get  to  the  tissues  and  so  nourish  them.  Too  much  food,  as  well 
as  many  other  conditions,  may  increase  the  arterial  blood  tension  to  a 
dangerous  point,  so  that  such  patients  have,  as  a  rule,  to  live  carefully, 
although  no  great  diminution  from  the  ordinary  diet  need  be  made  in  the 
absence  of  any  special  symptoms  referable  to  the  stomach.  In  many  of 
these  cases,  however,  there  are  symptoms  of  gastric  irritation,  and  strict 
dieting  on  the  lines  previously  laid  down  may  have  to  be  prescribed.  As 
in  the  other  forms  of  Bright's  disease,  great  care  must  be  taken  to  exclude 
an  excess  of  proteid  food,  and  meat  extracts  are  not  permissible.  As  a  rule, 
it  is  injudicious  to  treat  patients  suffering  from  granular  contracted  kidney, 
with  an  exclusively,  or  even  mainly,  milk  diet.  There  are  occasions, 
however,  in  which  for  a  time  a  milk  diet  is  highly  beneficial.  What  may 
be  called,  for  example,  the  ordinary  condition  of  a  patient  suffering  from 
granular  contracted  kidney,  is  shown  in  the  hypertrophy  of  the  left  ven- 
tricle, in  the  increase  of  arterial  blood  pressure,  and  in  the  passage  of  a 
large  quantity  of  urine  of  low  specific  gravity,  containing  a  diminished 
quantity  of  urea,  with  perhaps  a  trace  of  albumin  and  a  few  casts.  Such 
patients  are,  however,  liable  from  one  or  other  causes,  such  as  dietetic 
indiscretions,  exposure  to  cold,  or  mental  worry,  recurrent  bronchitis  or 
other  intercurrent  disease,  to  subacute  attacks  in  which  the  amount  of 
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urine  is  diminished,  and  a  large  quantity  of  albumin,  one  to  two-thirds,  is 
passed.  In  such  attacks,  which  may  be  accompanied  by  hoematuria,  the 
patient  is  best  treated  by  rest  in  bed  and  other  measures ;  one  of  the  most 
important  being  the  administration  of  an  almost  exclusively  milk  diet  for 
from  one  to  three  weeks.  Afterwards,  the  diet  may  be  gradually  increased 
to  the  normal  amount. 

OBESITY. — An  increase  of  the  body  fat  occurs  in  many  different  con- 
ditions. In  some  families  there  is  a  tendency  from  the  time  of  puberty 
upwards  to  this  increase  of  fat,  which  is  often  aided  by  other  causes. 
Over-eating  and  indolence  is  also  a  frequent  cause  of  the  excessive  deposit 
of  fat ;  and  excessive  indulgence  in  beer  and  whisky  is  frequently  an  aiding 
cause  in  increasing  obesity.  In  physiological  conditions  a  certain  amount 
of  fat  is  put  on  after  puberty ;  the  next  great  increase  occurs  from  the  ages 
of  35  to  45,  but  in  women  more  particularly  after  marriage  and  at  the 
menopause.  The  physiological  increase  of  fat  at  puberty,  and  to  a  less 
extent  at  the  menopause,  is,  as  a  rule,  not  to  be  interfered  with  by 
treatment  of  any  sort. 

The  treatment  of  obesity  can  only  be  expected  to  be  successful  when 
it  is  due  to  over-eating  and  indolence,  or  to  the  excessive  consumption  of 
alcoholic  drinks  ;  and  it  is  by  the  regulation  of  the  diet  and  mode  of  life  in 
these  three  directions  that  the  unhealthy  fat  diminishes,  and  the  patient 
becomes  better  in  health.  As  a  rule,  those  with  a  tendency  to  obesity 
should  not  take  alcoholic  drinks,  the  most  injurious  of  which  are  beers  and 
sweet  wines.  Eegular  exercise  without  fatigue  is  an  essential  in  the  treat- 
ment ;  and  it  may  be  found,  as  regards  the  diet,  that  the  abstention  from 
fats,  from  sugar,  and  from  all  carbohydrate  foods  except  toasted  white 
bread,  is  sufficient  for  the  treatment.  It  is  not  difficult,  by  one  means 
or  another,  to  reduce  the  body  weight  of  obese  people  considerably,  but 
such  reduction  in  weight  frequently  has  injurious  effects.  Apart  from 
correcting  any  obvious  errors  in  the  mode  of  life  or  in  the  diet,  it  may 
be  said,  as  a  rule,  that  the  tendency  to  stoutness  in  middle  age  is 
best  left  alone.  In  some  cases  it  may  be  of  service  to  reduce  the  fat,  but 
it  must  be  remembered  that  when  obesity  has  existed  for  some  time,  there 
is  usually  fatty  infiltration  of  the  heart,  and  that  any  great  change  pro- 
duced in  the  body,  either  by  way  of  food  or  mode  of  life,  may  throw  a 
serious  stress  on  the  heart,  with  serious  results ;  indeed,  sudden  death 
may  result. 

In  many  cases  of  obesity  due  to  indolence  and  over-eating,  the  fat  which 
is  stored  up  is  not  the  firm  fat  of  health,  but  a  flabby  fat ;  this  is  especially 
noticeable  in  the  fat  beer  and  whisky  drinkers,  and  such  fat  disappears 
when  the  patient  gets  into  a  more  regular  mode  of  life. 

For  the  purpose  of  reducing  the  amount  of  fat  in  the  body,  various 
methods  have  been  tried,  medicinal  as  well  as  dietetic.  The  remedies 
which  have  been  used  in  such  cases  have  either  the  result  of  diminishing 
the  digestion  or  diminishing  the  activity  of  the  tissues,  and  although  they 
may  have  the  result  of  reducing  the  body  weight,  they  produce  more  harm 
than  good.  The  dietetic  measures  which  have  been  used  have  as  their  basis 
the  fact  that  if  an  exclusively  proteid  diet  be  given,  the  body  feeds  on  its 
own  fat,  and  so  weight  is  reduced.  This  is  the  foundation  of  Banting's 
treatment  for  obesity,  in  which  the  meals  consist  almost  exclusively  of  meat, 
with  a  diminished  quantity  of  liquid  in  the  form  of  toast  and  water.  A  more 
recent  variation  of  this  treatment  consists  in  prescribing  meals  of  under- 
cooked  minced  meat,  which  after  a  time  is  succeeded  by  large  draughts  of 
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hot  water.  The  hot  water  aids  in  the  digestion  of  the  meat,  and  increases 
its  assimilation.  Such  methods  may  be  found  useful  at  the  commencement 
of  treatment  in  some  cases,  but  their  continuance  for  any  length  of  time 
leads  to  grave  disorder  of  the  digestion,  and  to  a  diminished  functional 
activity  of  the  body. 

OVER-FEEDING. — There  are  two  conditions  in  which  a  large  excess  of  food 
over  the  normal  may  be  beneficial,  namely,  in  neurasthenia  and  in  tuber- 
culosis. In  both  these  cases,  however,  the  over-feeding  is  only  part  of  the 
treatment.  In  conditions  of  neurasthenia,  where  there  is  nervous  excit- 
ability or  depression,  where  there  is  wasting,  sometimes  extreme,  where 
there  may  be  neuralgias  of  various  parts,  but  no  sign  of  organic  disease  ;  a 
combination  of  rest  in  bed,  massage,  over-feeding,  and  judicious  regulation 
of  the  patient's  mind,  is  the  proper  treatment,  and  for  a  time,  at  any  rate, 
is  successful  (see  p.  905).  This  special  treatment  lasts  from  five  to  six 
weeks,  and  may  result  in  a  gain  of  weight  of  from  6  to  18  Ib.  or  more, 
although  the  gain  may  be  greater  after  the  treatment  has  ceased.  Over- 
feeding by  itself  will  not  have  the  desired  result,  and  as  much  good  is  to 
be  ascribed  to  the  rest  and  to  the  mental  treatment  as  to  the  amount  of 
food  taken.  The  massage  in  such  cases  helps  the  assimilation  of  the  food, 
and  is  really  a  form  of  exercise  for  the  patient. 

In  tuberculosis  the  over-feeding  is  combined  with  rest  if  there  is  fever, 
but  in  any  case,  with  life  in  the  open  air,  the  object  of  the  treatment  being 
to  increase  the  resisting  power  of  the  patient  against  the  disease.  In  both 
neurasthenia  and  in  tuberculosis,  however,  it  must  be  remembered  that 
making  the  patient  fat  does  not  necessarily  mean  success  in  the  treatment. 
In  the  case  of  tuberculosis,  for  example,  it  is  not  necessary  to  give  the 
enormous  quantity  of  food  which  is  usually  prescribed — a  general  increase 
in  the  dietary  is  as  a  rule  sufficient,  and  the  increase  in  the  diet,  in  the  first 
place,  at  any  rate,  had  better  be  in  the  shape  of  milk  than  of  solid  food. 

PEPTONISED  FOOD. 

Peptonised  food  is  made  by  the  action  of  extract  of  pancreas  on  milk  or 
meat,  or  fine  gruel  made  with  various  carbohydrates.  The  ferment  used 
may  be  either  in  the  form  of  Liquor  Pancreatis,  which  is  official  in  the 
British  Pharmacopoeia,  and  is  made  from  the  pancreas  of  the  pig,  or  in  the 
form  of  one  of  the  peptonising  powders  now  largely  used,  an  example  of 
which  is  Pancreatinum,  official  in  the  United  States  Pharmacopoeia.  The 
ferment  acts  well  at  a  temperature  of  40°  C.  (102°  to  104°  F.),  and  in  the 
presence  of  \  to  1  per  cent,  sodium  carbonate.  In  preparing  the  pepton- 
ised  food  for  administration  by  the  mouth,  its  flavour  must  be  kept 
palatable. 

The  action  of  pancreatic  ferment  (trypsin)  on  proteids  such  as  the 
casein  of  milk,  results  in  the  production  of  a  bitter  substance  which  has  not 
yet  been  isolated  ;  and  the  bitter  taste  of  peptonised  milk  is  frequently  an 
insuperable  bar  to  its  being  continuously  taken  by  the  patient.  It  is  of  no 
moment  if  the  peptonised  food  is  to  be  administered  per  rectum.  The 
peptonising  agents  now  sold,  whether  in  the  form  of  Liquor  Pancreatis,  or 
of  peptonising  powder,  are  of  such  a  strength  that  within  a  given  time, 
twelve  to  fifteen  minutes,  they  produce  a  partial  peptonisation  of  the  pro- 
teids of  the  food  without  a  bitter  taste  being  developed.  There  is  no 
advantage  in  the  peptonisation  being  carried  so  far  as  to  produce  a  bitter 
taste,  and  the  milk  ought  to  be  tasted  before  it  is  given  to  the  patient. 
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Peptonised  milk,  milk  gruel,  and  beef-tea  may  be  prepared  in  the  follow- 
ing ways : — 

1.  Peptonised  milk. — To  a  pint  of  milk  add  a  quarter  of  a  pint  of  water, 
in  which  20  grs.  of  bicarbonate  of  sodium  have  been  dissolved.     Heat  the 
mixture  to  a  temperature  of  140°  F.,  and  add  two  tablespoonfuls  of  liquor 
pancreatis,  put  in  a  jug  and  cover  with  a  cosy  in  a  warm  place.     The 
digestion  will  have  advanced  sufficiently  in  about  an  hour.     It  is  best  to 
taste  the  mixture  after  the  first  three-quarters  of  an  hour,  when,  if  it  is  at 
all  bitter,  it  is  to  be  boiled  at  once.      A  simple  procedure  is  to  mix  the 
water  containing  the  bicarbonate  of  sodium   with  the  milk,  divide  the 
mixture  into  two  equal  parts,  one  of  which  is  boiled  and  added  to  the 
other.      The  mixture  is  now  at  the  proper  temperature,  and  the  liquor 
pancreatis  may  be  added,  and  digestion  allowed  to  proceed  as  in  the  first 
case.     Skimmed  milk  may  sometimes  be  used  with  advantage  instead  of 
full  milk.     It  is  perhaps  easier  to  prepare  the  food  with  a  peptonising 
powder  ;  one  half  of  the  milk  (pure  or  diluted)  is  boiled,  added  to  the  other 
half,  and  the  peptonising  powder  is  stirred  up  in  the  mixture.    This  is  placed 
in  a  warm  place,  and  at  the  end  of  twelve  minutes  it  is  rapidly  boiled  on 
a  hot  fire.     Prepared  in  this  way,  the  milk  is  partly  peptonised  and  has  no 
bitter  taste ;  the  process  has  gone  on  sufficiently  to  be  a  great  aid  to  diges- 
tion, inasmuch  as  the  casein  is  partially  transformed,  and  does  not  form 
large  curds  when  it  is  taken  into  the  stomach. 

2.  Peptonised  milk  gruel. — A  thick  gruel  is  made  by  thoroughly  boiling 
in  water   either  wheat  flour,  arrowroot,  sago,  pearl  barley,  or   oatmeal. 
While  still  hot,  add  to  half  a  pint  of  the  gruel  half  a  pint  of  cold  milk  and 
20   grs.  of   bicarbonate  of  sodium.      The  temperature  of  the  mixture  is 
about  125°  F.  (52°  C.).     Two  teaspoonfuls  of  liquor  pancreatis  are  now 
added  and  the  mixture  well  stirred,  and  placed  in  a  warm  place  for  two  or 
three  hours.     It  is  then  boiled  and  strained.     The  process  of  digestion 
forms  peptones,  and  the  starch  of  the  gruel  is  converted  into  dextrin  and 
maltose,  which  helps  to  disguise  the  bitter  flavour  developed  by  the  action 
of  the  pancreatic  extract  upon  the  milk.      The  bitter  flavour,  however, 
must  not  be  pronounced  if  the  peptonised  milk  gruel  is  to  be  given  by  the 
mouth.    Peptonised  gruel  milk  may  be  utilised  in  the  manufacture  of  soups, 
jellies,  and  blancmange,  which  may  be  made  in  the  ordinary  way,  except 
that  the  gruel  after  boiling  is  used  as  a  solvent  for  the  gelatin,  or  to  mix 
with  the  stock  of  the  soup.     These  forms  of  peptonised  foods,  which  were 
recommended  by  Sir  William  Eoberts,  are,  however,  not  much  used. 

3.  Peptonised  leef-tea. — Sir  William  Ptoberts  gave  the  following  direc- 
tions in  the  manufacture  of  this  food  : — "  Half  a  pint  of  finely  minced  lean 
beef  is  mixed  with  a  pint  of  water  and  20  grs.  of  bicarbonate  of  sodium. 
This  is  simmered  for  an  hour,  when  it  is  cooled  down  to  a  lukewarm 
temperature,  and  a  teaspoonful  of  the  liquor  pancreatis  is  added.      The 
mixture  is  then  set  aside  for  three  hours,  and  well  stirred.     At  the  end  of 
this  time  the  liquid  portions  are  decanted  and  boiled  for  a  few  seconds. 
The  resulting  liquid  contains  4'5  per  cent,  organic  residue,  three-fourths 
of  which  are  peptones.    Flavoured  with  salt,  it  is  said  to  resemble  in  flavour 
ordinary  beef-tea." 

The  nutritive  value  of  the  peptones  has  been  established  by  repeated 
experiments,  in  which  they  replace  the  ordinary  proteids  of  the  diet. 
The  animals  fed  gained  in  weight,  and  from  this  result  it  must  be  con- 
cluded that  the  nitrogen  of  the  peptones  exists  in  the  form  available  for 
the  nutrition  of  the  tissues.  Experiments  in  feeding  kittens  with  pep- 
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tonised  milk  have  the  same  result.  In  the  feeding  of  healthy  animals, 
however,  for  longer  periods  with  peptones,  the  results  are  not  so  good. 
The  food  is  turned  against,  and  the  animal  becomes  thin. 

The  manner  in  which  the  peptonised  foods  are  to  be  administered  is  that 
observed  in  giving  a  liquid  diet,  namely,  in  small  quantities.  The  actual 
amount  given  must  be  judged  by  the  tolerance  of  the  food  in  the  stomach, 
or  by  the  extent  in  which  the  food  is  palatable  to  the  patient.  As  a  rule, 
4  oz.  of  peptonised  milk  may  be  given  every  two  hours,  or  2  oz.  every 
hour,  amounting  to  nearly  2|  pints  in  the  twenty-four  hours.  Two  or 
three  times  daily  4  oz.  of  peptonised  milk  gruel  may  be  substituted  for  a 
similar  quantity  of  the  peptonised  milk. 

If  the  stomach  is  capable  of  digesting  unchanged  milk,  this  ought  to 
be  given  as  well  as  peptonised  food.  It  must  not  be  too  readily  assumed, 
even  in  acute  conditions,  that  the  stomach  is  incapable  of  doing  any  work ; 
in  some  respects,  in  these  conditions,  ordinary  milk  has  the  advantage  over 
peptonised  milk,  inasmuch  as,  when  taken  into  the  stomach,  the  casein 
is  rapidly  precipitated,  so  that  it  becomes  a  solid  food  ;  and  this  acts  as  a 
greater  stimulant  to  the  motor  activity  of  the  organ  than  food  which 
remains  liquid.  On  the  other  hand,  the  alkaline  reaction  of  peptonised 
food  is  an  advantage,  inasmuch  as  it  acts  as  a  stimulant  to  secretion. 
In  the  majority  of  cases  the  administration  of  peptonised  food  must  only 
be  considered  as  a  temporary  measure.  It  is  given  in  cases  in  which 
there  is  great  deficiency  in  the  secretion  of  the  stomach ;  such  as  in 
gastric  catarrh  and  other  acute  stomach  disorders,  and  in  advanced  cases 
of  cancer  of  the  organ.  It  is  a  useful  food  in  severe  pulmonary  tuber- 
culosis, and  in  chronic  Bright's  disease,  when  the  stomach  and  digestion 
is  profoundly  interfered  with ;  as  also  in  cases  of  pernicious  anamiia  and 
of  atrophy  of  the  mucous  membrane  of  the  stomach.  In  some  acute 
febrile  diseases  associated  with  vomiting,  and  in  cases  of  repeated 
vomiting  from  whatever  cause,  small  quantities  of  peptonised  milk 
administered  by  the  mouth  are  of  great  value. 

For  the  consideration  of  malted  foods  and  of  prepared  fatty  foods,  see 
articles  on  "  Maltine  and  Cod-Liver  Oil "  (p.  676). 

KECTAL  FEEDING. 

Kectal  feeding  is  to  be  adopted  in  most  instances  only  as  a  temporary 
measure. 

It  is  used  in  cases  of  obstruction  in  the  ossophagus  and  obstruction  of 
the  pylorus,  in  which  a  very  insufficient  quantity  of  food  is  taken  by 
the  mouth.  It  is  of  great  value  in  acute  inflammatory  conditions  of  the 
stomach,  such  as  occur  in  acute  gastric  catarrh,  or  as  the  result  of  irritant 
poisons.  It  is  of  great  value  in  cases  of  repeated  vomiting,  whether  due 
to  irritability  of  the  stomach  or  to  other  causes;  such  as  acute  febrile 
disease,  renal  disease,  intestinal  obstruction,  peritonitis,  or  abdominal 
tumour.  It  is  also  valuable  as  a  temporary  measure  in  cases  in  which 
there  is  great  pain  in  the  stomach,  whether  this  be  associated  with  vomit- 
ing, or  when,  as  in  some  neuroses,  vomiting  is  not  a  marked  feature.  In 
haemorrhage  from  the  stomach,  whether  due  to  an  ulcer  or  occurring 
in  cirrhosis  of  the  liver  or  in  mitral  stenosis,  rectal  feeding  is  an  important 
part  of  the  early  treatment,  as  it  gives  rest  to  the  upper  part  of  the  digestive 
tract. 

In  some  cases,  in  which  rectal  feeding  is  the  only  method  of  intro- 
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ducing  food  into  the  body,  the  patient  complains  severely  of  thirst  and 
dryness  of  the  mouth  ;  a  condition  which  is  due  in  some  cases  of  persistent 
vomiting  to  diminution  of  the  quantity  of  water  in  the  tissues.  It  may  be 
relieved  by  rectal  injections  of  half  a  pint  to  a  pint  of  lukewarm  water, 
or  in  some  cases  by  allowing  an  effervescing  lozenge  or  by  the  administra- 
tion of  small  quantities  of  ice.  In  the  latter  case,  however,  it  must  be 
remembered  that  the  ice  is  not  to  be  taken  ad  libitum ;  as  by  this  means 
a  large  quantity  of  water  is  taken  into  the  stomach,  and  may  produce 
irritation. 

Mode  of  administration. — Before  commencing  rectal  feeding,  the  bowel 
must  be  emptied,  if  necessary,  by  a  simple  enema  of  a  pint  or  a  pint  and 
a  half  of  warm  water.  After  an  hour  or  two,  the  first  nutrient  enema 
may  be  given.  This  must  not  exceed  in  quantity  4  oz.,  and  when  the 
rectum  is  intolerant,  a  smaller  quantity  must  be  given.  In  some  cases 
irritability  is  relieved  by  adding  a  few  drops  of  tincture  of  opium  to  the 
injection,  by  the  occasional  use  of  a  belladonna  suppository  (|  gr.),  or  by 
the  use  of  a  little  cocaine  ointment ;  the  injections  are  not  to  be  given 
more  frequently  than  every  four  hours,  night  and  day,  and  are  to  be 
administered  with  a  4  oz.  indiarubber  syringe,  to  the  nozzle  of  which 
a  soft  indiarubber  tube  4  in.  long  is  attached  for  insertion  into  the 
rectum.  The  injection  must  be  made  with  the  patient  lying  on  his  side, 
and  must  be  made  very  slowly.  The  rectum  readily  absorbs  peptones, 
and  even  undigested  liquid  foods,  such  as  milk,  beef-tea,  and  beaten-up 
raw  eggs. 

Poods  used  in  rectal  feeding. — These  are  of  two  kinds :  undigested 
and  predigested. 

Undigested  foods. — Milk,  beef -tea,  and  defibrinated  blood  are  often 
used  in  conditions  in  which  rectal  injections  are  given,  when  sufficient  milk 
cannot  be  administered  by  the  rectum  to  sustain  life.  A  useful  injection 
to  commence  with  consists  of  milk  3  oz.  and  beaf-tea  1  oz.  Every  second 
injection  the  yoke  of  an  egg  is  to  be  added  to  the  mixture,  well  beaten  up, 
a  pinch  of  salt  being  also  added.  Defibrinated  blood  or  fresh  meat  juice 
(1  oz.)  to  3  oz.  of  milk  may  be  given  instead  of  the  beef-tea.  It  is  more 
easily  absorbed  than  milk  or  egg,  and  contains  a  larger  proportion  of 
proteid  food  than  milk.  Extract  of  malt  may  be  dissolved  in  the  injection, 
one  teaspoonful  in  each.  It  is  readily  absorbed,  and  is  an  advantageous 
means  of  increasing  the  amount  of  carbohydrate  food. 

Predigested  foods. — These  are  more  readily  absorbed  by  the  rectum 
than  undigested  food.  Peptonised  milk  or  peptonised  milk-gruel  may  be 
administered  in  amounts  of  2  to  4  oz.  every  four  hours.  In  the  prepara- 
tion the  action  of  the  ferment  may  be  allowed  to  go  on  for  a  longer  period 
than  when  the  food  is  given  by  the  mouth.  The  nutritive  value  of  the 
enema  may  be  greatly  increased  by  beating  up  an  egg  in  the  milk  before 
the  liquor  pancreatis  is  added.  The  portion  of  milk  containing  the  egg 
is  not  to  be  boiled  before  the  ferment  is  added.  The  food  need  not  be 
peptonised  before  it  is  injected,  inasmuch  as  digestion  goes  on  in  the 
rectum.  Thus  the  following  mixture  may  be  used: — Three  oz.  of  milk 
or  milk-gruel,  1  oz.  of  defibrinated  blood  or  fresh  meat  juice,  20  grs.  of 
bicarbonate  of  sodium,  and  two  teaspoonfuls  of  liquor  pancreatis.  This 
may  be  injected  slowly,  after  being  slightly  warmed. 

Peptone  suppositories  are  useful  adjuncts  to  the  administration  of 
nutritive  enema,  especially  after  the  rectum  becomes  intolerant  of  the 
repeated  injections.  They  may  also  be  used  between  the  injections,  and 
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are  best  made  with  peptonised  beef ;  each  suppository  weighing  about  60 
grs.,  and  containing  50  per  cent,  of  beef  peptone. 
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MINERAL  WATERS. 

WATER  which  falls  on  the  earth  sinks,  at  times  to  a  great  depth,  until  it 
meets  with  some  impervious  material,  clay  or  rock.  Here  it  accumulates, 
and  may  lie  under  great  pressure.  During  its  passage,  and  especially 
while  it  is  lying  under  pressure,  it  may  dissolve  gases  or  some  of  the 
constituents  of  the  strata  in  contact  with  it,  and  if  in  its  descent  it  meets 
with  heated  strata,  it  becomes  warm  and  sometimes  attains  a  very  high 
temperature.  Subsequently  the  water  finds  its  \vay  upwards  along  the 
paths  of  least  resistance.  If  the  springs  thus  formed  vary  from  potable 
water  in  containing  an  excess  of  the  dissolved  materials,  they  are  called 
mineral  springs,  and  when  the  temperature  of  the  water  is  raised  the  term  is 
at  times  applied  to  springs  which  would  otherwise  be  regarded  as  potable. 

Pharmacology. — Mineral  waters  owe  their  therapeutic  influence, 
when  used  externally  or  taken  internally,  in  part  to  the  water  itself,  in 
part  to  the  temperature  of  the  water,  and  in  part  to  the  solid  or  gaseous 
constituents  dissolved  in  it.  The  influence  of  the  external  application 
of  the  water  in  the  form  of  baths  will  be  considered  in  another  section 
(see  "  Baths "),  and  will  therefore  only  be  incidentally  alluded  to  in  this 
article. 

It  may  be  taken  as  proved  that  absorption  of  water  or  solids  dissolved 
in  it  through  the  skin  does  not  occur.  The  balance  of  evidence  is  much 
in  favour  of  the  view  that  saline  baths  produce  their  effects  by  the  in- 
fluence which  the  water  and  saline  ingredients  exert  on  the  epithelial 
cells  and  nerve-endings.  The  action  of  saline  materials  in  water  is  not 
confined  to  the  period  during  which  the  body  is  exposed  to  it,  for  a 
certain  amount  remains  in  the  cutaneous  tissues,  and  a  slight  stimulant 
effect  commenced  in  the  bath  is  thus  maintained  subsequently. 

Amount  and  temperature. — The  effects  of  water  taken  internally  depend 
in  part  on  its  amount  and  temperature,  in  part  on  the  time  and  manner  of 
drinking.  Water  may  impede  digestion  if  taken  in  large  quantities  with 
food,  but  between  meals  it  has  usually  no  deleterious  influence.  When 
cold  it  acts  as  a  tonic  to  the  mucous  membrane,  provided  the  amount 
taken  be  not  too  large ;  the  vessels  of  the  mucous  membrane  are  first  con- 
tracted, but  subsequently  dilate,  and  the  peristaltic  movements  of  the 
stomach  and  intestines  are  stimulated ;  hence  it  may  have  a  slight 
aperient  effect.  Warm  water  dilates  the  vessels  of  the  mucous  membrane 
without  first  contracting  them ;  in  very  large  quantities  it  causes  sickness. 
When  taken  into  the  stomach,  water  is  soon  passed  into  the  intestines, 
where  it  is  quickly  absorbed,  but  only  a  very  transitory  hydrsemia  follows, 
for  part  is  at  once  excreted  by  the  kidneys  and  part  distributed  amongst 
the  tissues.  The  fluid  in  the  tissues  is  subsequently  excreted,  carrying 
with  it  waste  products,  thus  leading  to  a  temporary  increase  of  the  urea, 
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sodium  chloride,  phosphoric  acid,  and  sulphuric  acid  in  the  urine.  It  has 
been  held  by  many  that  water  in  excess  increases  metabolism,  but  recent 
experiments  do  not  support  this  view.  The  iugestion  of  cold  water  tends 
to  raise  the  blood  pressure  and  renders  the  pulse  slower.  Warm  water 
slightly  raises  the  frequency  of  the  pulse,  but  though  it  acts  to  some 
extent  as  a  vaso-dilator,  it  does  not  lower  tension,  because  it  increases  the 
heart's  work. 

The  diuresis  which  usually  occurs  after  water  is  taken,  is  most  marked 
in  the  case  of  cold  water ;  hot  water  may,  by  increasing  the  perspiration, 
limit  the  urinary  now.  Some  observers  have  found  the  bile  temporarily 
increased,  and  rendered  more  dilute,  after  administration  of  water,  but 
recent  experiments  render  it  doubtful  whether  water  produces  any  effect 
on  the  flow  of  bile. 

The  pharmacological  action  of  the  saline  constituents  of  mineral  waters 
will  be  found  set  forth  in  other  portions  of  this  work,  so  far  at  least  as 
their  internal  administration  is  concerned. 

Dissolved  gases. — Gases  may  perhaps  be  absorbed  through  the  skin,  but 
probably  not  in  quantities  sufficient  to  produce  any  therapeutic  effect. 
There  is  no  proof  that  any  of  the  gases  contained  in  mineral  waters, 
except  carbonic  acid,  exercise  any  influence,  whether  taken  internally  or 
used  externally.  The  effects  of  carbonic  acid,  however,  are  well  marked. 
Ordinary  spring  water  may  contain  one-twentieth  of  its  volume  of  this 
gas  dissolved  in  it,  but  in  many  mineral  waters  we  find  from  one  to  one 
and  a  half  volumes  in  each  volume  of  water.  A  solution  of  carbonic  acid 
in  water  taken  internally  increases  secretion  of  saliva  reflexly,  and  quenches 
thirst ;  and  though  it  may  cause  redness  of  the  mucous  membrane  of  the 
stomach,  it  acts  as  a  sedative  and  often  prevents  vomiting.  It  increases 
the  peristaltic  movements  of  the  stomach  and  intestines,  and  causes  the 
expulsion  of  flatus.  Its  presence  renders  fluids  better  borne  by  the 
stomach,  but  it  does  not  seem  to  expedite  their  extrusion  into  the  in- 
testine. Ccarbonic  acid  is  readily  absorbed,  and  as  it  hastens  the  absorption 
of  fluids  and  slightly  raises  blood  pressure,  it  has  a  diuretic  influence. 

Externally,  if  there  be  much  carbonic  acid  in  the  water  of  a  bath,  it  is 
seen  to  form  small  bubbles  on  the  skin,  and  a  sense  of  pricking  is  felt 
and  reddening  of  the  skin  is  seen.  Basch  and  v.  Dietl  have  shown  that 
there  is  an  increase  in  the  sensibility  of  the  skin  after  baths  containing  the 
gas ;  the  peripheral  temperature  is  slightly  raised,  whilst  the  central  temper- 
ature is  somewhat  lowered.  The  pulse  frequency  falls  a  little,  and  the 
blood  pressure  rises  slightly.  There  is  no  proof  that  metabolism  is 
affected  by  carbonic  acid  gas  in  baths. 

Combination  of  ingredients. — It  is  thought  by  some  that  the  efficacy  of 
mineral  waters  is  in  some  way  connected  with  the  natural  combination 
of  their  ingredients,  and  that  waters  made  artificially  of  exactly  the  same 
compounds  have  not  the  same  therapeutic  effect.  But  no  proof  of  this 
has  been  given.  It  must  be  remembered,  however,  though  by  the  chemical 
analysis  the  amount  of  each  base  and  acid  present  can  be  accurately  deter- 
mined, the  exact  method  in  which  they  have  been  combined  is  assumed 
from  their  known  affinities,  and  it  is  by  no  means  certain  that  the  group- 
ings assumed  are  always  accurate.  It  may  be,  therefore,  that  some  mineral 
waters  produce  effects  which  do  not  follow  the  use  of  artificial  imitations 
of  them,  simply  because  the  imitations,  though  containing  the  same  acids 
and  bases,  do  not  contain  them  in  the  same  groupings.  By  others  it  is 
held  that  the  good  results  following  from  drinking  and  bathing  at  spas 
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are  almost,  if  not  altogether,  the  outcome  of  what  will  be  alluded  to 
presently  as  the  adjuncts  of  bath  treatment,  with  perhaps  some  aid  from 
the  amount  of  water  taken  internally.  Whilst,  however,  this  view  may 
be  true  in  the  case  of  some  of  the  weaker  mineral  waters,  pharmacological 
considerations  and  long  practical  experience  lead  to  the  conclusion  that 
the  value  of  many  of  the  mineral  waters  is  dependent  on  the  constituents 
they  hold  in  solution. 

Adjuncts  to  the  effects  of  the  mineral  waters. — The  effect  of  treat- 
ment at  a  spa  does  not  depend  entirely  on  its  mineral  waters ;  a  variety  of 
circumstances  exercises  an  important  therapeutic  influence. 

The  natural  surroundings,  e.g.  the  height  above  the  sea,  the  atmo- 
spheric conditions  prevailing,  the  geological  formation  of  the  district,  and 
even  its  vegetation  may  have  a  bearing  on  the  value  of  a  spa. 

The  social  surroundings. — The  curative  effects  of  mineral  waters  are 
much  promoted  by  changed  conditions  of  life,  by  rest  and  comfort  which 
patients  obtain,  and  by  the  healthier  mode  of  life  they  lead.  At  many  of 
them  a  large  number  of  the  patients  are  making  a  business  of  getting  well, 
and  those  who  are  not  given  to  healthy  habits  are  inclined  to  conform  to 
the  health-promoting  customs  which  have  been  established.  On  the  other 
hand,  dulness — the  outcome  of  isolation,  arising  it  may  be  from  a  want  of 
knowledge  of  the  language  spoken,  or  lack  of  sufficient  amount  of  occupa- 
tion— may  to  some  extent  neutralise  the  good  effects  of  a  spa ;  hence  it  is 
important  to  know  something  of  the  general  conditions  prevailing,  the 
customs  observed,  and  the  language  spoken,  before  advising  a  patient  to 
have  recourse  to  any  special  spa.  It  is  necessary,  too,  to  be  acquainted 
with  the  season  at  which  it  should  be  visited ;  a  deserted  spa  is  the  most 
depressing  of  places. 

Accessory  treatment. — Besides  the  facilities  for  drinking  and  bathing, 
we  find  at  all  the  spas  arrangements,  more  or  less  extensive,  for  the 
employment  of  other  curative  procedures.  Douches,  sprays,  and  needle 
baths  are  provided ;  and  in  some,  mud  baths,  steam  baths,  and  carbonic 
acid  baths.  In  many  there  is  other  provision  for  inhalation  of  the  mineral 
waters  or  for  directly  spraying  the  throat  and  larynx,  for  gargling,  and 
for  douching  the  nasal  cavities.  Massage  is  now  generally  provided,  and 
at  many  places  there  are  apparatus  for  electrical  treatment  and  muscular 
exercise.  In  addition  to  all  this,  diet  is  prescribed,  and  the  patients 
are  under  systematic  medical  treatment,  aid  being  given  by  drugs  when 
necessary. 

CLASSIFICATION. 

Mineral  waters  may  be  classified  in  many  ways,  but  most  usefully  for 
practical  purposes  in  accordance  with  the  therapeutic  importance  of  the 
dissolved  constituents.  In  this  article  they  will  be  dealt  with  in  the 
following  groups: — 

1.  SODIUM  CHLORIDE  WATERS  (with  these,  waters  containing  iodides 
and  bromides  will  be  considered). 

2.  ALKALINE  WATERS  (with  these,  waters  containing  lithium  will  be 
considered). 

3.  ALKALINE  SODIUM  CHLORIDE  WATERS. 

4.  SULPHATED  WATERS. 

(a)  Saline  sulphated. 
(&)  Alkaline  sulphated. 
(c)   Bitter  sulphated. 


8s  4  MINERAL   WATERS. 

5.  EARTHY   WATERS   (with  these,  waters  containing  barium  will  be 
considered). 

6.  CHALYBEATE  WATERS. 

7.  SULPHUR  WATERS. 

8.  ARSENICAL  WATERS. 

9.  INDIFFERENT  AND  TABLE  WATERS. 

Many  of  the  mineral  waters  contain  more  than  one  ingredient  of 
manifest  therapeutic  value,  and  opinions  at  times  differ  as  to  which 
substance  is  the  most  important  —  hence  variations  in  classifications  arise. 

SODIUM  CHLORIDE  WATERS. 

Chloride  of  sodium  is  the  chief  ingredient  of  many  well-known  mineral 
waters.  The  amount  present  varies  from  0'2  per  cent.  (Baden  Baden) 
to  31  per  cent.  (Droitwich).  The  term  "Soole"  is  given  on  the  Continent 
to  waters  containing  more  than  1*5  per  cent,  of  sodium  chloride.  Most 
of  the  salt  waters  are  used  both  for  bathing  and  drinking  purposes,  the 
stronger  for  baths  only.  The  sodium  chloride  is  always  accompanied  by 
the  chlorides  of  other  metals,  chiefly  calcium,  magnesium,  or  potassium, 
the  first-named  being  generally  tbe  most  abundant.  Iron  is  not  infre- 
quently present,  and  in  a  few  there  is  a  minute  quantity  of  lithium. 
Some  have  in  them  very  small  amounts  of  iodine  and  bromine,  in  com- 
bination with  sodium,  potassium,  calcium,  or  magnesium.  A  considerable 
number  of  the  best  known  sodium  chloride  waters  contain  much  free 
carbonic  acid.  The  majority  are  cold,  but  a  few  are  warm.  The  following 
are  the  chief  spas  belonging  to  the  class  of  sodium  chloride  waters  l  :  — 

Cold  Sodium  Chloride  Springs. 

Grs.  per  pint  of 
Sodium  Chloride. 
Droitwich         ........         2700 

Woodhall  Spa  ........  170 

Kreuznach  (Oranienquelle)        .         .         .         .         .  123 

Homburg  (Elizabethenquelle)    .         .         .         .         .    .          86 

Kissingen  (Rakoczyquelle)         .         .         .         .         ,  50 

Hot  Sodium  Chloride  Springs. 


Temp. 

Keichenhall  (Edelquelle)    .  .  91°-95°  1950 

Nauheim  (Grosser  Sprudel)  .  86°  190 

Wiesbaden  (Kochbrunnen)  .  150°  60 

Baden  Baden  (Hauptquelle)  .  124°-155°  18 

Other  Sodium  Chloride  Springs. 

Cold.  —  Nantwich   (Cheshire),    Stafford,    Middlewich   (Cheshire),    Bridge    of 
Allan    (Stirlingshire),    Ashby   de    la    Zouche   (Leicestershire),    Bridge   of   Earn 

1  At  almost  every  spa  the  waters  of  the  various  springs  differ  more  or  less  widely  in  com- 
position. But  it  will  only  be  possible  to  indicate  the  constitution  of  the  most  typical  well. 
The  quantities  of  the  ingredients  mentioned  in  the  tables  represent  about  the  amount  present. 
The  analysis  of  mineral  waters  do  not  usually  agree  with  one  another,  and  in  many  springs 
the  constituents  vary  somewhat  from  time  to  time.  The  quantity  of  saline  material  in  each 
pint  is  set  forth,  because  in  this  way  the  clearest  indication  is  afforded  as  to  how  much  is 
taken  when  the  ordinary  quantity  of  water,  10  to  30  oz.,  is  ordered  daily. 
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(Perthshire),  Bex  (Switzerland),  Ischl  (Salzkammergut),  Durrheini  (Black  Forest), 
Durkheim  (Bavaria),  Hall  (Wurtemburg),  Pyrmont  (Waldeck  Pyrmont),  Rhein- 
felden  (Switzerland),  Wildegg  (Switzerland),  Saratoga  (United  States). 

Hot. — Herculesbad  (Switzerland),  Rehme  CEynhausen  (Westphalia),  Soden 
(Hesse  Nassau),  Brides  Salins  and  Salins  Moutiers  (France),  Mondorf  (Luxem- 
burg), Munster  am  Stein  (near  Kreuznach),  Battaglia  (Italy),  Byron  Springs 
(California,  U.S.A.),  Glenwood  Springs  (Colorado,  U.S.A.),  Utah  Hot  Springs 
(Utah,  U.S.A.). 

(Many  waters  of  which  sodium  chloride  forms  an  important  ingredient 
contain  substances  which  cause  them  to  be  placed  in  another  group.  The 
sulphur  waters  of  Harrogate  contain  more  sodium  chloride  than  many 
of  the  mineral  waters  in  the  list  which  has  been  given,  but  owing  to  the 
presence  of  sulphuretted  compounds  they  are  classed  with  sulphur  waters, 
and  alkaline  waters  containing  also  salt  are  not  included  in  the  sodium 
chloride  group. 

Pharmacology. — External. — The  chloride  of  sodium  waters  used 
in  baths  do  not  influence  temperature,  pulse,  and  respiration  any  more 
than  plain  water  of  the  same  temperature,  but  they  more  readily  cause 
dilatation  of  the  vessels  and  redness  of  the  skin,  and  it  seems  probable 
that  the  chloride  of  sodium  solution  draws  fluid  from  the  cells  of  the 
epidermis,  and  influences  the  condition  of  the  cutaneous  nerve-endings. 
Even  the  weaker  baths  may  produce  some  effects  in  this  direction,  and 
if  carbonic  acid  be  present,  evidence  of  skin  stimulation  becomes  more 
manifest.  It  has  not  yet  been  proved  experimentally  that  the  external 
application  of  sodium  chloride  waters  affects  metabolism  in  health,  for, 
though  Rohrig  and  Zuntz  found  that  in  a  rabbit,  a  salt  solution  at  96°  F. 
causes  an  increase  in  the  consumption  of  oxygen  and  the  excretion  of 
carbonic  acid,  Leichtenstern  in  man  found  no  increased  production  of  heat 
when  "  indifferent " 1  baths  containing  5  per  cent,  of  sodium  chloride  were 
given.  Nevertheless  the  influence  of  sodium  chloride  on  the  cutaneous 
nerve-endings  appears  sometimes  to  modify  pathological  conditions  in  the 
deeper  tissues  and  to  relieve  pain. 

The  strong  sodium  chloride  baths  give  more  evidence  of  their  effects 
on  the  skin  than  the  weaker,  and  it  is  sometimes  thought  desirable  to 
increase  this  influence  of  sodium  chloride  waters  by  the  addition  of  salt 
water  artificially  concentrated,  or  what  is  called  in  Germany  Muttcrlauge, 
which  is  the  fluid  which  remains  after  evaporating  salt  waters  and  crystal- 
lising out  a  large  portion  of  the  sodium  chloride.  This  fluid  is  a  con- 
centrated saline  solution  containing  chlorides  of  calcium  and  magnesium, 
and  in  some  cases  bromides  and  iodides. 

Internal. — When  taken  internally,  mineral  waters  containing  sodium 
chloride  help  the  removal  of  mucus  from  the  lining  membrane  of  the 
stomach,  especially  when  they  contain  free  carbonic  acid.  They  improve 
appetite  and  perhaps  increase  the  digestive  power  of  the  stomach.  They 
supply  material  for  the  formation  of  hydrochloric  acid,  but  it  seems  doubt- 
ful whether  they  directly  increase  the  flow  of  gastric  juice ;  strong  salt 
solutions  decrease  this  secretion.  Weak  sodium  chloride  waters,  having 
a  lower  osmotic  power  than  the  blood  (hypotonic),  are  quickly  passed  into 
the  intestinal  canal,  the  mucous  membrane  of  which  they  stimulate,  and 
from  which  they  are  absorbed,  but  when  stronger  waters  (hypertonic)  are 
taken,  some  portion  of  the  sodium  chloride  is  absorbed  in  the  stomach,  and 

1  The  term  "indifferent"  is  applied  to  baths  of  the  temperature  of  the  skin,  about  95°, 
which  exerts  no  influence  on  the  body  temperature  and  the  pulse  (see  p.  890). 
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dilation  by  osmosis  takes  place  there ;  the  diluted  fluid  is  ejected  into  the 
duodenum,  where  it  stimulates  the  mucous  membrane  prior  to  its  absorp- 
tion, which  is  rapid.  If  the  salt  solution  be  strong  enough,  osmosis  may 
lead  to  augmentation  of  the  bulk  of  the  fluid,  and  the  peristaltic  action 
being  thereby  stimulated,  the  fluid  is  passed  down  more  rapidly  than  in  a 
normal  condition  into  the  lower  part  of  the  intestine,  and  an  aperient 
effect  is  produced.  Salt  solutions,  when  absorbed,  tend  to  promote 
changes  between  the  blood  and  lymph,  and  the  solubility  of  albuminous 
substances  is  increased.  It  was  formerly  thought  that  tissue  metabolism 
is  quickened  under  the  influence  of  sodium  chloride  waters,  because  the 
excretion  of  urea  becomes  at  first  somewhat  larger;  but  this  may  be 
due  to  the  more  rapid  removal  of  waste  products,  which  occurs  owing 
to  the  increased  quickness  of  the  fluid  currents  in  the  tissues,  these 
products  passing  out  in  the  increased  urine  flow  which  follows.  Recent 
researches  by  Katz,  Dapper,  and  v.  Noorden  do  not  support  the  view 
that  metabolism  is  rendered  more  active  under  the  influence  of  sodium 
chloride.  When  salt  solutions  are  taken,  storage  of  sodium  chloride  to 
some  extent  takes  place,  and  the  excretion  of  potassium  salts  is  increased. 
It  has  been  shown  by  Sir  William  Roberts  that  the  quadriurates  are  more 
apt  to  decompose  with  the  formation  of  uric  acid  if  the  urine  be  poor 
in  saline  ingredients;  the  sodium  chloride  waters,  therefore,  tend  to 
prevent  the  appearance  of  uric  acid  in  the  renal  secretion. 

Therapeutics.  —  External.  —  Externally  employed,  the  sodium 
chloride  waters  doubtless  often  relieve  gouty,  rheumatic,  and  other  pains. 
It  is  claimed  that  inflammatory  exudations,  and  even  fibroid  growths, 
disappear  from  the  effect  of  sodium  chloride  baths,  but  this  requires 
substantiation.  Benefit  is  claimed  from  the  internal  administration  of 
sodium  chloride  waters  in  chronic  albuminuria  and  glycosuria. 

Although  all  the  salt  water  baths  have  therapeutic  properties  in 
common,  each  one  has  a  repute  for  certain  ailments.  This,  in  some  cases, 
depends  on  the  strength  of  the  waters ;  in  others,  on  the  nature  of  the 
salts  conjoined  with  the  sodium  chloride ;  but  doubtless  in  many  instances 
a  reputation  has  arisen  from  views  of  doubtful  accuracy  connected  with 
the  effects  of  certain  constituents  of  the  waters.  This  is  especially  the 
case  with  the  so-called  bromide  and  iodide  waters,  an  important  role 
having  been  attributed  in  the  cure  of  disease  to  the  minute  quantities 
of  bromine  and  iodine  contained  in  them. 

Sodium  chloride  waters  are  often  beneficially  applied  to  the  unhealthy 
mucous  membrane  of  the  pharynx,  larynx,  and  nose.  A  solution  of  0'7 
to  0'9  per  cent,  forms  an  unirritating  cleansing  agent,  and  waters  con- 
taining a  larger  amount  act  as  stimulants  to  the  mucous  membrane, 
especially  if  free  carbonic  acid  be  also  present. 

Internal. — The  sodium  chloride  waters,  especially  the  more  dilute,  are 
largely  used  in  catarrhal  conditions  of  the  stomach  and  intestines.  When, 
owing  to  mode  of  living,  there  is  reason  to  think  the  tissues  contain 
an  undue  amount  of  waste  material,  they  may  usually  be  given  with 
advantage,  and  this  is  specially  the  case  where  there  are  indications  that 
the  work  of  the  liver  is  not  equal  to  the  demands  on  it.  An  aperient 
effect  doubtless  takes  some  part  in  relieving  the  liver. 

In  gout  and  rheumatism,  salt  waters,  especially  the  stronger,  are  much 
resorted  to.  Sir  William  Roberts  has  pointed  out  that  sodium  chloride 
tends  to  render  the  quadriurates  less  soluble  in  the  fluids  of  the  body, 
and  thus  to  precipitate  a  gouty  explosion  by  the  deposits  of  urates  in 
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certain  tissues.  Nevertheless  the  production  of  the  quadriurates  them- 
selves may  be  lessened  and  the  gouty  tendency  diminished  by  the  good 
influence  which  the  sodium  chloride  waters  have  in  improving  digestion 
and  washing  out  the  tissues.  Perhaps  it  is  this  washing-out  process,  too, 
which  renders  the  exhibition  of  these  waters  of  utility  in  some  other 
ailments. 

The  internal  administration  of  salt  waters  seems  beneficial  in  some 
chronic  catarrhal  affections  of  the  pharynx,  larynx,  bronchi,  and  nose, 
secretion  being  lessened  by  their  internal  use.  It  has  been  suggested 
that  the  diuretic  influence  of  the  sodium  chloride  waters,  when  taken 
internally,  may,  by  the  removal  of  fluid,  take  some  part  in  producing  this 
effect. 

Bromide  and  iodide  waters. — The  following  are  the  waters  which  con- 
tain the  largest  amounts  of  bromides  and  iodides,  and  the  figures  represent 
the  number  of  grains  in  each  pint : — 

Bromides. — Mondorf  (Luxemburg),  0'85  gr.  of  magnesium  bromide ; 
Heilbronn  (Bavaria),  Adelaidesquelle,  0'4  gr.  of  sodium  bromide ;  Woodhall 
Spa,  3 '6  grs.  of  bromides  of  sodium  and  potassium ;  Hall  (Austria),  0'5  gr. 
of  magnesium  bromide ;  Wildegg  (Switzerland),  O'l  gr.  of  sodium  bromide ; 
Kreuznach,  2'0  grs.  of  bromide  of  magnesium ;  Congress  Spring  (Saratoga, 
U.S.A.),  1  gr.  of  bromide  of  sodium. 

Iodides. — Saxon  les  Bains  (Ehone  Valley),  O09  to  0'8  gr.  of  iodide 
of  sodium ;  Hall  (Austria),  0'5  gr.  of  iodide  of  magnesium ;  Heilbronn 
(Bavaria),  Adelaidesquelle,  0'25  gr.  of  iodide  of  sodium  ;  Wildegg  (Switzer- 
land), 0'23  gr.  of  iodide  of  sodium;  Durkheim  (Bavaria),  O009  gr.  of 
iodide  of  sodium ;  Woodhall  Spa,  0'065  gr.  of  iodide  of  potassium ; 
Kreuznach,  O01  gr.  of  iodide  of  magnesium ;  Congress  Spring  (Saratoga, 
U.S.A.),  0-01  to  0-55  gr.  of  iodide  of  sodium. 

It  is  not  likely  that  any  therapeutic  effect  can  be  produced  by  the 
small  amount  of  bromide  of  potassium  present,  and  there  is  reason  for 
doubting  whether  the  iodides  present  have  any  curative  action.  It  has 
been  pointed  out,  indeed,  that  thyro-iodin  given  in  daily  doses  which  contain 
altogether  0'045  grs.  of  iodine  does  seem  to  influence  the  organism,  owing 
to  the  iodine  it  contains.  Nevertheless,  the  majority  of  observers  incline 
to  the  opinion  that  the  iodides  present  in  the  sodium  chloride  waters  do 
not  influence  their  therapeutic  action. 

Description  of  Chief  Sodium  Chloride  Springs. 

DROITWICH. — The  water  of  Droitwich  contains,  in  addition  to  6  oz.  of 
sodium  chloride,  about  45  grs.  sodium  sulphate  and  10  grs.  calcium 
sulphate  in  each  pint.  It  is  only  used  for  bathing,  and  for  this  purpose 
is  made  warm  by  the  addition  of  twice  its  volume  of  hot  water.  The 
patients  are  immersed  usually  for  about  twenty  minutes.  The  wells  of 
Droitwich  are  of  service  in  cases  of  gouty,  rheumatic,  and  neuralgic  pains, 
and  are  said  to  be  very  efficacious  in  sciatica.  Their  value  in  osteo- 
arthritis  is  uncertain.  Douches  and  compresses  are  sometimes  employed 
as  well  as  baths.  The  baths  of  Droitwich  are  also  resorted  to  for  the 
cure  of  local  paralysis,  absorption  of  inflammatory  products,  and  the 
removal  of  the  results  of  injuries.  The  baths  are  open  all  the  year 
round. 

At  NANTWICH,  in  Cheshire,  there  are  similar  but  somewhat  weaker 
waters,  containing  1840  grs.  of  sodium  chloride  per  pint.  These  waters 
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are  made  hot  and  used  for  bathing  purposes  undiluted.  They  are  em- 
ployed for  much  the  same  purposes  as  those  of  Droitwich.  The  accessories 
to  treatment  have  not  been  fully  developed  at  either  of  these  places, 
but  Nantwich  has  a  pleasanter  position  than  Droitwich.  The  wains 
at  Stafford  and  Middlewich  have  the  same  character  as  those  of  Nant- 
wich. 

WOODHALL  SPA,  in  Lincolnshire,  is  in  a  flat  country,  but  nevertheless 
has  a  fairly  bracing  climate,  with  a  small  rainfall.  Besides  the  large 
amount  of  sodium  chloride  (170  grs.)  and  the  bromides  and  iodides  which 
have  been  alluded  to,  the  waters  contain  rather  more  than  10  grs.  in 
each  pint  of  calcium  chloride,  and  rather  less  than  10  grs.  of  magnesium 
chloride.  Ten  to  20  oz.  is  usually  taken  daily ;  an  aperient  effect  is 
often  produced  by  the  larger  amount. 

Local  baths,  douches,  and  sprays  are  provided  for  at  the  bathing 
establishments,  and  the  water  is  used  internally  as  well  as  externally. 
Sometimes  the  spa  water  concentrated  by  evaporation  is  added  to  the 
baths.  Woodhall  Spa  is  resorted  to  with  advantage  in  cases  of  chronic 
gout  and  rheumatism,  and  seems  to  be  of  special  value  in  chronic 
rheumatic  arthritis.  The  waters  are  said  to  be  useful  in  nasal  catarrh, 
pharyngitis,  and  gastro-intestinal  catarrh.  They  are  reputed  to  be  of 
use  in  causing  the  absorption  of  fibroid  tumours  of  the  uterus ;  and  Barnes 
bears  testimony  to  their  value  in  diminishing  hyperplasia  of  the  uterus. 
Strumous  patients  are  not  infrequently  sent  to  Woodhall  Spa,  and  some 
forms  of  chronic  skin  disease,  especially  eczema  and  psoriasis,  are  treated 
here.  The  spa  is  open  all  the  year  round,  but  it  is  naturally  most 
frequented  in  summer. 

KKEUZNACII  BATH  is  an  adjunct  to  the  town  of  Kreuznach  in 
Rhenish  Prussia,  and  is  well  laid  out  and  pleasant,  though  somewhat  hot 
in  summer.  The  outskirts  lack  shade,  which,  however,  is  not  wanting 
in  Kreuznach  Bath  itself.  The  waters  are  rich  in  sodium  chloride,  and 
common  salt  is  made  here  for  commercial  purposes  from  it.  As  a 
preliminary  to  concentration  by  heat,  the  salt  water  is  sometimes  dis- 
tributed at  the  top  of  huge  fences  of  faggots,  and  as  it  percolates  down- 
wards loses  some  part  of  the  water  by  evaporation.  Patients  often 
sit  near  these  hedges,  which  are  called  Gradirhduser,  on  the  side  opposite 
to  that  from  which  the  wind  comes,  and  thus  inhale  air  charged  with 
fine  particles  of  salt  water.  Besides  the  sodium  chloride,  the  waters 
contain  about  16  to  20  grs.  of  calcium  chloride  in  each  pint,  and,  as 
before  stated,  minute  quantities  of  bromide  and  iodide  of  sodium.  The 
waters  are  largely  used  for  bathing,  and  sometimes  "  mutterlauge "  is 
added  to  the  baths  to  strengthen  them.  The  Kurhaus  at  Kreuznach  is 
well  supplied  with  baths  of  various  kinds  and  arrangements  for  inhaling 
the  spray  of  the  salt  water.  The  stronger  springs  at  Kreuznach,  such  as 
the  Oranienquelle,  are  used  for  bathing.  Others  containing  less  salt  are 
employed  for  drinking. 

The  ailments  perhaps  most  largely  treated  at  Kreuznach  are  scrofula 
and  uterine  affections,  but  many  patients  go  to  Kreuznach  to  be  treated 
by  sprays,  gargles,  and  douches  for  nasal,  laryngeal,  and  pharyngeal 
catarrh,  and  even  catarrh  of  the  bronchi.  Chronic  eczema  and  other 
skin  eruptions  are  sometimes  treated  here.  It  is  quite  possible  that 
uterine  hyperplasia  and  pelvic  inflammatory  deposits  may  be  benefited  by 
the  waters  of  Kreuznach,  but  the  claim  that  uterine  and  ovarian  tumours 
disappear  under  their  use,  lacks  substantiation.  The  season  lasts  from  the 
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beginning  of  Ma}7  to  the  end  of  September,  and  during  this  time  many 
English  people  are  found  here. 

HOMBURG  is  pleasantly  situated  on  a  slope  of  the  Taunus  Hills.  It  is 
much  visited  by  English-speaking  people,  and  has  a  fine  summer  climate, 
and  is  frequented  by  visitors  for  pleasure  as  well  as  for  health.  The 
waters  are  cold  and  highly  charged  with  carbonic  acid. 

Besides  86  grs.  of  sodium  chloride,  the  Elizabethbrunnen  contains  about 
12  grs.  per  pint  of  calcium  carbonate;  the  Kaiserbrunnen  contains  110 
grs.  of  sodium  chloride,  and  nearly  20  grs.  of  calcium  chloride ;  and  there 
are  other  springs  which  are  weaker  in  chloride  of  sodium.  Several  of  the 
springs  contain  a  little  iron,  and  in  two  of  them,  Louisenbrunnen  and 
Stahlbrunnen,  it  is  in  sufficient  quantity  to  render  them  useful  in  the 
treatment  of  anaemia ;  the  last  named,  which  is  the  stronger,  contains 
about  0-8  gr.  of  iron  bicarbonate  in  the  pint.  With  it  is  conjoined  45  grs. 
of  sodium  chloride  and  nearly  20  grs.  of  lime  salts. 

The  waters  of  Homburg,  taken  in  large  quantities,  remove  waste 
material  accumulated  in  the  tissues,  and  are  often  used  by  those  who  have 
the  balance  of  nitrogenous  waste  on  the  wrong  side  of  their  account.  By 
increasing  the  intestinal  and  renal  functions,  the  waters  aid  in  restoring 
the  balance.  The  carbonic  acid  present  renders  the  waters  better  borne 
than  they  otherwise  would  be. 

The  Elizabethbrunnen  water  is  slightly  aperient,  and  seems  to  relieve 
many  forms  of  dyspepsia  with  which  hyperacidity  and  hypertesthesia  are 
associated.  The  saline  waters  of  Homburg  are  said  to  be  of  benefit  in 
visceral  congestion.  People  with  gouty  troubles  and  chronic  catarrh  of 
the  mucous  membrane — the  outcome  of  defective  modes  of  life — and  con- 
stipation, usually  derive  benefit  from  them,  and  they  are  said  also  to  be 
of  service  where  retrogressive  uterine  changes  are  defective.  A  fair 
number  of  anaemic  patients  resort  to  Homburg  during  the  season,  which 
lasts  from  May  to  September.  It  is  held  that  the  combination  of  sodium 
chloride  and  iron  is  specially  useful  in  increasing  the  blood  corpuscles. 
The  drinking  of  the  water  is  the  great  feature  of  the  cure  at  Homburg, 
but  bathing  is  also  employed,  the  water  being  so  heated  as  to  retain  as 
much  as  possible  of  the  carbonic  acid,  which  is  probably  the  most  active 
ingredient  of  the  bath.  The  arrangements  for  inhalations,  douches, 
massage,  and  other  forms  of  treatment,  are  very  good  at  Homburg. 

KISSINGEN  is  in  an  open  district,  but  at  a  distance  round  it  are  well- 
wooded  hills.  It  also  is  a  favourite  resort  of  English-speaking  people. 
The  climate  is  not  specially  bracing.  Though  a  pleasant  place,  it  is  less 
luxurious  than  Homburg,  and  to  it  go  sufferers  from  chronic  gastro-intes- 
tinal  disturbances,  especially  dyspeptics.  Kissingen  is  also  resorted  to  by 
patients  suffering  from  gout,  rheumatism,  and  all  ailments  for  which  the 
Homburg  waters  are  taken.  Scrofulous  cases  are  at  times  sent  here,  and 
some  forms  of  Bright's  disease. 

The  Rakoczy  Well  has  a  world-wide  reputation  for  the  treatment  of 
dyspepsia.  Besides  sodium  chloride  and  much  free  carbonic  acid,  it 
contains  in  each  pint  5  grs.  of  sulphate  of  magnesium  and  10  grs.  of  calcium 
carbonate.  Of  the  other  wells  at  Kissingen,  chiefly  used  for  drinking,  the 
Pandur  is  slightly  weaker  in  saline  constituents  and  iron,  whilst  the  Max- 
brunnen  Well  is  much  weaker  and  contains  no  iron.  The  waters  of  some 
of  the  wells  at  Kissingen  are  used  for  bathing  purposes,  and  "  inutterlauge  " 
is  sometimes  added  to  the  baths.  The  large  quantity  of  free  carbonic  acid 
present  is  considered  an  important  element  in  their  utility.  Several 
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varieties  of  baths  are  given,  such  as  "mud"  baths,  and  carbonic  acid 
baths;  the  former  are  much  used  in  the  treatment  of  neuralgic  and 
rheumatic  pains. 

Gradirhiiuser  are  here  met  with  for  the  treatment  of  bronchial  ailments, 
and  there  is  ample  provision  for  spraying,  gargling,  and  inhalations  for 
pharyngeal,  laryngeal,  and  bronchial  affections. 

KEICHENHALL,  in  Bavaria,  has  warm  springs  rich  in  sodium  chloride, 
but  not  in  carbonic  acid.  They  are  employed  in  the  treatment  of  rickets 
and  scrofula,  and  of  the  other  ailments  for  which  the  sodium  chloride 
waters  are  thought  valuable,  and  are  for  the  most  part  used  for  bathing 
purposes.  This  spa  is  well  provided  with  the  usual  apparatus  for  the 
treatment  of  ailments  affecting  the  pharynx  and  the  air  passages. 

NAUHEIM. — The  Nauheim  waters  are  warm,  and  form  a  moderately 
strong  solution  of  salt,  highly  charged  with  carbonic  acid.  The  waters 
of  two  of  the  springs,  which  are  chiefly  used  for  bathing,  the  Great  and 
Little  Sprudel,  are  shot  forth  in  bubbling  jets  above  the  surface  of  the 
ground.  They  contain  a  considerable  quantity  of  calcium  carbonate  (18 
to  20  grs.  per  pint)  besides  the  sodium  chloride. 

The  springs  used  for  drinking  (Kurbrunnen  and  Karlsbrunnen)  contain 
only  half  the  quantity  of  sodium  chloride  and  lime  salt  present  in  the 
water  used  for  the  baths,  whilst  two  of  the  springs  highly  charged  with 
carbonic  acid  are  so  weak  in  saline  constituents  that  they  are  employed 
as  table  waters.  The  waters  are  taken  internally,  but  bathing  forms  the 
most  important  part  of  the  Nauheim  treatment. 

Nauheim  is  largely  resorted  to  by  sufferers  from  cardiac  disease,  in  the 
treatment  of  which  baths  of  the  Sprudel  water  and  a  system  of  movements 
against  resistance  are  chiefly  used  (see  article  on  this  subject,  p.  921).  In 
an  early  stage  of  the  treatment  the  water  is  sometimes  deprived  of  its 
carbonic  acid  before  being  employed  for  bathing,  but  later  on,  when  the 
greatest  effect  is  required,  baths  with  the  water  flowing  through  them  are 
given,  or  "  mutterlauge  "  is  added  to  the  water.  The  effect  of  the  baths  is 
to  redden  the  skin,  to  decrease  the  frequency,  and  to  increase  the  depth 
of  respiration,  and  to  diminish  the  size  of  a  dilated  heart.  The  arterial 
pressure  is  raised,  the  pulse  being  somewhat  retarded,  sometimes  quickened. 
Various  opinions  have  been  entertained  as  to  the  cause  of  the  diminution 
in  the  area  of  cardiac  dulness.  It  has  been  regarded  as  due  to  the  influence 
of  the  stimulation  of  the  cutaneous  nerves ;  some,  however,  look  upon  it  as 
only  due  to  exercise  involved  in  bathing.  The  renal  secretion  is  increased. 
The  movements  against  resistance,  introduced  by  Beneke,  and  perfected 
by  the  brothers  Schott,  likewise  seem  to  lessen  the  size  of  the  heart,  but 
this  apparent  decrease  is  thought  by  many  to  be  in  part  if  not  entirely 
due  to  enlargement  of  the  size  of  the  chest,  and  an  alteration  in  the 
position  of  the  heart. 

Opinions  differ  as  to  the  exact  cause  of  the  effects  which  are  produced 
by  the  Nauheim  waters  and  treatment,  but  there  is  no  doubt  that  great 
advantages  are  derived  therefrom,  in  many  cases  where  the  heart  from  any 
cause,  including  valvular  diseases,  is  unequal  to  the  requirements  of  the 
circulation  and  dilatation  has  ensued.  The  heart's  power  increases,  and 
the  effects  of  dilatation  disappear  after  a  few  weeks'  treatment.  The 
methods  employed  at  Nauheim  are  now  used  at  many  places  in  England, 
as  Buxton,  Woodhall  Spa,  and  Sidmouth,  an  artificial  representation  of 
Nauheim  water  being  employed.  The  baths  and  waters  at  Nauheim  are 
also  used  in  scrofula,  rickets,  catarrh  of  the  mucous  membrane,  both  of  the 
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respiratory  and  gastrointestinal  tracts,  uterine  affections,  and  many  other 
ailments  for  which  the  sodium  chloride  waters  are  used,  including  rheu- 
matism, neuralgia,  nervous  disorders,  and  exudations  about  joints. 

WIESBADEN  is  a  fine  large  town  with  a  pleasant  climate,  hot  in  the 
summer,  but  with  shady  woods  around  it.  It  has  an  abundant  supply  of 
hot  salt  water.  Its  strongest  wells  contain  less  salt  than  is  found  in  the 
chief  springs  at  Nauheim,  and  very  little  carbonic  acid.  The  other  saline 
constituents  associated  with  the  sodium  chloride  are  small  in  amount  and 
unimportant. 

The  waters  of  Wiesbaden  are  used  for  both  drinking  and  bathing,  and 
are  specially  resorted  to  by  those  suffering  from  chronic  rheumatism  and 
gout,  but  chronic  catarrh  of  the  throat  and  bronchi,  dyspepsia,  and  uterine 
ailments  are  treated  at  Wiesbaden.  For  bathing  purposes  the  waters  are 
often  strengthened  by  the  addition  of  "  mutterlauge."  The  facilities  for 
the  use  of  the  baths  in  various  forms  and  for  the  accessories  of  bath  treat- 
ment are  very  considerable.  Establishments  are  found  here  for  the 
administration  of  all  forms  of  baths  and  douches,  massage,  gymnastics, 
and  electrical  treatment.  Wiesbaden  is  resorted  to  by  visitors  of  all 
nations  in  search  of  pleasure  as  well  as  health.  The  baths  are  open  all  the 
year  round,  and  patients  may  be  sent  in  early  spring  and  late  autumn 
when  most  of  the  other  baths  are  deserted,  or  even  in  the  winter,  which 
is  fairly  mild  at  Wiesbaden.  The  mineral  water  being  very  abundant, 
many  of  the  hotels  are  supplied  with  it,  a  great  advantage  in  the  cold 
season. 

BADEN  BADEN. — This  is  a  delightful  town  about  650  ft.  above  the  sea, 
close  to  the  Rhine,  and  surrounded  by  pine  forests.  Visitors  for  pleasure, 
as  well  as  patients  in  search  of  health,  are  very  numerous  here.  The 
waters  are  abundant,  as  at  Wiesbaden,  and  of  somewhat  the  same  tempera- 
ture, but  they  are  poorer  in  saline  constituents  and  almost  devoid  of  free 
carbonic  acid.  Besides  the  sodium  chloride  (17  grs.),  the  chief  well 
contains  nearly  0*5  gr.  of  lithium  chloride,  and  0'005  gr.  of  calcium 
arsenate  per  pint.  A  minute  quantity  of  these  constituents  can  hardly 
be  regarded  as  adding  to  the  therapeutic  value  of  the  water,  which  might 
almost  be  included  in  the  indifferent  thermal  waters. 

Baden  Baden  is  chiefly  celebrated  from  a  therapeutic  point  of  view  for 
its  magnificent  baths.  The  Fredericksbad  possesses  probably  the  finest 
system  of  baths  in  Europe ;  almost  every  variety  is  to  be  obtained  here, 
and  there  are  arrangements  for  conjoining  with  the  baths,  electrical, 
gymnastic,  and  massage  treatment.  Baden  Baden  is  largely  resorted  to  by 
sufferers  from  chronic  gout  and  rheumatism,  from  the  effects  of  injuries, 
and  from  nervous  affections,  but  it  is  also  visited  by  patients  suffering 
from  chronic  skin  diseases  and  catarrhal  affections  of  the  digestive  and 
respiratory  organs.  Convalescents  often  come  here,  and  those  who  want 
to  improve  the  cardiac  condition  by  graduated  exercise,  for  the  undulating 
forest  roads  round  Baden  are  so  mapped  out  on  Oertel's  plans  that  the 
exact  amount  of  exercise  taken  can  be  estimated  (see  p.  920).  The  Baden 
Baden  season  begins  early  in  May  and  continues  to  the  end  of  October  ; 
midsummer  is  often  very  hot  there. 

SARATOGA  SPRINGS,  U.S.A. — The  numerous  springs  of  this  celebrated 
spa  contain  much  free  carbonic  acid,  and  from  20  to  80  grs.  per  pint  of 
sodium  chloride.  They  differ  from  the  European  waters  of  the  same  class 
in  their  richness  in  calcium  and  magnesium  bicarbonates.  Champion 
Spouting  Spring  contains  nearly  30  grs.  of  the  former  and  24  of  the  latter. 
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ALKALINE  WATERS. 

The  alkaline  waters  contain  from  5  to  70  grs.  of  sodium  bicarbonate 
per  pint,  and  likewise  free  carbonic  acid.  Small  quantities  of  other 
substances,  such  as  bicarbonates  of  magnesium  and  calcium,  sodium 
sulphate,  and  sodium  chloride,  are  also  present,  but  not  in  sufficient 
quantity  to  play  an  important  part  in  their  action. 

Some  of  the  alkaline  springs  are  warm,  but  more  are  cold,  and  the 
waters  of  many  of  the  cold  springs  are  bottled  and  exported  for  use  as 
table  waters  or  for  medicinal  purposes.  Those  which  contain  less  than  10 
grs.  per  pint  of  sodium  bicarbonate  will  be  alluded  to  under  the  head  of 
Table  Waters. 

The,  Chief  Alkaline  Waters. 

Sod.  Bicar. 

Temperature.  per  pint. 

Cold. — Vals  (Madeleine)         .         .        ".'. ,         ...  64  grs. 

Vichy  (Celestin)          .    "   .         .'          ...  36    „ 

Hot.— Vichy  (Grandgrille)      .         .    '      .         105°  42    „  1 
Neuenahr  (Mariensprudel)    .         V  :     102"  7    ,, 

MontDore  .         .         .    '     •         113°  *    „ 

Other  Alkaline  Waters. 

Cold. — Bilin  (Bohemia),  Fachingen  (Hesse  Nassau),  Salzbrunnen  (Silesia),  Bladon 

Springs  (Alabama,  U.S.A.). 
Warm. — Birresbrunnen   (Rhenish    Prussia),    Chateauneuf    (France),    Assmans- 

hausen  on  the  Rhine. 

Pharmacology. — Alkaline  waters  neutralise  undue  acidity  of  the 
stomach,  thereby  relieving  many  forms  of  dyspepsia.  They  probably 
slightly  stimulate  the  vascular  supply  of  the  mucous  membrane  of  the 
stomach,  and  may  increase  the  flow  of  gastric  juice,  and  with  this  the  desire 
for  food  and  the  digestive  activity.  The  carbonic  acid  acts  in  the  same 
direction  as  the  bicarbonate  of  sodium ;  it  has,  too,  as  already  pointed  out, 
a  sedative  effect,  and  it  regulates  the  contractions  of  the  stomach  muscle. 

The  alkaline  waters  lessen  tenaciousness  of  gastric  mucus,  such  as  is 
often  present  in  gastric  catarrh ;  nevertheless,  given  in  excess,  these  waters 
may  lead  to  catarrh.  It  is  probable  that  but  little  sodium  bicarbonate 
reaches  the  intestinal  canal,  much  the  larger  portion  being  neutralised  by 
the  acid  of  the  stomach  or  absorbed ;  any  which  does  reach  the  intestine 
must  be  rapidly  absorbed.  The  influence  of  the  alkaline  bicarbonates 
when  they  pass  into  the  circulation  is  not  definitely  determined ;  it  is 
thought  by  some  that  the  blood  is  rendered  more  alkaline,  and  the 
oxidation  of  tissues  is  rendered  more  rapid,  and  that  fat  is  removed.  This 
may  well  be  doubted.  It  seems  more  probable  that  any  bicarbonate  which 
enters  the  blood  is  rapidly  excreted,  and  there  is  no  definite  evidence  of  the 
oxidation  of  tissues  or  the  removal  of  fat.  It  is  probable,  however,  that 
the  introduction  into  the  system  of  a  large  quantity  of  alkaline  fluid  is 
likely  to  wash  waste  material  out  of  the  tissues,  and  as  the  alkaline  waters 
exercise  a  diuretic  influence,  the  egress  of  this  material  is  facilitated.  On 
some  the  stronger  alkaline  waters  are  said  to  have  a  slight  aperient  effect. 
It  has  not  yet  been  proved  that  the  administration  of  the  alkaline  waters 
1  Tichborne's  analysis  gives  36 '8  grs,  to  the  pint. 
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either  increases  or  decreases  the  excretion  of  uric  acid ;  but  a  temporary 
excess  of  bicarbonate  of  sodium  as  well  as  sodium  chloride  may  possibly 
determine  the  precipitation  of  quadriurates  in  the  tissues  and  the  advent 
of  an  acute  gouty  attack.  But  though  the  alkaline  waters  do  not  increase 
the  excretion  of  uric  acid,  they  may  nevertheless  aid  in  preventing  its 
excessive  production  through  their  effect  in  improving  digestion.  Their 
administration  tends  to  decrease  the  acidity  of  the  urine,  to  prevent  the 
deposition  of  uric  acid,  and  to  dissolve  it  when  deposited. 

Therapeutics. — Alkaline  waters  are  of  service  in  preventing  and 
removing  the  manifestations  of  chronic  gout,  though  value  is  not  attached 
to  them  in  acute  gout.  They  are  largely  used  for  the  relief  of  rheumatic 
pains,  and  also  for  removing  the  irritation  sometimes  associated  with  un- 
duly acid  urine,  and  of  deposited  uric  acid.  In  glycosuria  and  obesity 
they  are  given  with  the  idea  that  they  may  in  some  way  prevent  the 
formation  of  sugar,  and  remove  fatty  tissue.  No  proof  has  yet  been  given 
that  such  effects  are  produced,  but  Gans  has  shown  that  sodium  carbonate 
decreases  the  rapidity  with  which  glycogen  is  changed  into  sugar  in  the 
presence  of  diastase,  and  bicarbonate  of  sodium  in  large  doses  has  been 
found  of  value  in  the  early  stages  of  diabetic  coma.  In  gall  stones  and 
some  forms  of  jaundice  the  alkaline  waters  are  reputed  to  be  beneficial,  but 
they  have  no  influence  on  the  solution  of  gall  stones,  and  their  effect  on  the 
excretion  of  bile  is  doubtful,  for,  though  Lewaschew  and  Klikowitsch  found 
the  bile  increased  and  rendered  thinner  by  them,  others  have  not  observed 
these  effects.  It  is  quite  possible,  however,  that  they  may  promote  a 
healthier  condition  of  the  duodenum,  and  in  this  way  be  beneficial.  In 
the  form  of  baths,  the  alkaline  waters  tend  to  soften  the  skin  and  facilitate 
the  removal  of  the  epidermis ;  they  are  sometimes  used  in  chronic  eczema. 
For  gargles  and  sprays  in  laryngeal  and  pharyngeal  catarrhs,  the  water  of 
almost  all  spas  are  used,  and  alkaline  waters  are  no  exception,  cases  of 
laryngeal,  pharyngeal,  and  bronchial  irritation  being  treated  by  them, 
especially  at  Vichy.  The  depressing  effects  produced  by  alkaline  waters, 
taken  internally,  are  probably  imaginary,  though  doubtless,  if  stomach 
catarrh  were  caused  by  their  excessive  administration,  some  debility  might 
follow.  The  carbonic  acid  present  in  the  alkaline  waters  renders  them 
well  borne  by  the  stomach. 

The  alkaline  waters  used  externally  as  baths  cleanse  the  skin,  and  the 
free  carbonic  acid  stimulates  the  cutaneous  nerves. 

Description  of  the  Chief  Alkaline  Springs. 

VALS,  in  the  department  of  Ardeche,  France,  is  not  much  visited  by 
English  invalids,  but  the  waters  from  several  wells  are  sold  in  this  country. 
The  springs  are  very  numerous,  and  the  water  of  most  of  them  is  highly 
charged  with  carbonic  acid  gas.  The  Madeleine  is  one  of  the  strongest 
and  St.  Jean  one  of  the  weakest.  It  contains  only  about  25  grs.  of 
bicarbonate  of  sodium  in  the  pint,  and  not  more  than  one-fifth  of  the 
carbonic  acid  which  is  found  in  the  Madeleine.  The  other  wells  (Precieuse, 
Desiree,  and  Eigolette)  contain  rather  less  sodium  bicarbonate  than  the 
Madeleine.  The  springs  differ  in  the  relative  amount  of  saline  ingredients, 
such  as  the  bicarbonates  of  calcium,  magnesium,  and  potassium,  and 
sulphates  of  calcium  and  sodium,  which  accompany  the  bicarbonate  of 
sodium,  but  this  difference,  like  the  presence  of  minute  quantities  of 
lithium  and  bicarbonate  of  iron,  has  no  influence  on  the  therapeutic  action 
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of  the  waters.  The  springs  of  Vals  are  chiefly  used  in  the  treatment  of 
catarrh  of  the  gastric  mucous  membrane,  but  they  are  also  employed  in  all 
other  ailments  which  alkaline  waters  are  reputed  to  cure.  The  season 
lasts  from  May  to  the  middle  of  October. 

VICHY  is  situated  on  the  river  Allier,  240  miles  from  Paris,  and  is  the 
most  important  of  the  alkaline  baths.  It  is  in  a  level  part  of  the  country, 
and  is  somewhat  hot  and  relaxing  in  the  height  of  summer. 

The  waters  of  the  springs  contain  from  30  to  40  grs.  of  sodium 
bicarbonate  in  each  pint,  and  a  large  amount  of  carbonic  acid.  They  also 
contain  very  small  quantities  of  many  other  salts,  which  have  no  influence 
on  the  effects  of  the  waters.  Sodium  chloride  and  calcium  bicarbonate  are 
the  most  abundant  of  these,  but  of  neither  of  them  is  there  more  than  2  to 
3  grs.  in  a  pint.  Minute  quantities  of  iron  and  arsenate  of  soda  are  also 
present  in  the  Vichy  waters.  The  three  Celestin  springs  are  cold — they 
are  the  richest  of  all  the  Vichy  waters  in  alkalies,  and  the  water  is  bottled 
and  exported.  Nearly  all  the  other  springs  at  Vichy  are  warm.  The 
Grandgrille  is  the  best  known,  and  its  waters,  like  those  of  the  Hopital, 
which  are  slightly  richer  in  sodium  bicarbonate  and  carbonic  acid,  but 
lower  in  temperature  (89°  F.),  are  largely  exported. 

Vichy  is  much  resorted  to  by  sufferers  from  dyspepsia,  gout,  and 
rheumatism ;  and  patients  with  liver  troubles,  such  as  jaundice  and  gall 
stones,  often  go  there  to  drink  the  waters.  Many  sufferers  from  diabetes 
are  to  be  found  at  Vichy,  and  the  waters  are  much  used  in  diseases  of  the 
urinary  organs,  such  as  gravel,  cystitis,  and  albuminuria  in  an  early  stage. 
They  are  also  said  to  be  serviceable  in  some  cases  of  chronic  con- 
stipation. 

In  the  treatment  of  these  various  ailments,  bathing  is  largely  conjoined 
with  the  internal  administration  of  the  water.  For  bath  purposes  the 
mineral  water  is  usually  diluted  with  ordinary  water.  The  thermal  baths 
at  Vichy  are  somewhat  antiquated  in  structure,  but  there  is  a  very  com- 
plete establishment  for  various  forms  of  baths  and  douches,  and  the  usual 
accessories  of  bath  treatment.  There  is  also  provision  for  the  use  of  the 
waters  in  the  treatment  of  pharyngeal  and  laryngeal  ailments  in  the  shape 
of  sprays  and  inhalations. 

NEUENAHR,  in  Germany,  has  waters  not  unlike  those  of  Vichy,  but  they 
contain  less  sodium  bicarbonate.  They  are  used  for  the  same  purposes  as 
those  of  Vichy,  but  are  regarded  as  specially  advantageous  in  cases  with 
uric  acid  deposits,  and  also  in  diabetes.  They  are  much  used  for  dyspepsia, 
and  are  inhaled  in  bronchial  catarrh.  Cases  of  albuminuria  and  patients 
suffering  from  nervous  affections  not  unfrequently  resort  to  the  waters  of 
Neuenahr. 

MONT  DORE. — In  the  character  of  its  situation  this  French  bath  differs 
entirely  from  Vichy  and  Neuenahr  ;  it  stands  in  the  Auvergne  Mountains, 
3440  ft.  above  the  sea.  Its  waters  contain  a  large  amount  of  free  carbonic 
acid,  but  less  sodium  bicarbonate  than  even  those  of  Neuenahr.  A  small 
quantity  of  sodium  chloride  is  found  in  them — only  about  3  grs.  per  pint, 
and  a  minute  quantity  of  arsenate  of  soda.  Sometimes  the  springs  of  Mont 
Dore  are  included  in  the  indifferent  waters,  from  which,  however,  they 
differ  in  containing  free  carbonic  acid,  sometimes  they  are  included  in  the 
arsenical  waters,  but  the  quantity  of  sodium  arsenate  contained  (about 
0'009  grs.  per  pint)  is  probably  too  small  to  have  any  influence  on  their 
therapeutic  effects. 

Mont  Dore  is  a  noted  place  for  the  treatment  of  catarrhal  affections  of 
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the  pharynx,  larynx,  and  bronchi,  and  there  is  a  very  complete  establish- 
ment for  inhalations  and  sprays.  It  is  much  resorted  to  by  public  speakers 
and  singers,  who  suffer  from  throat  troubles.  Itis  a  favourite  place,  too, 
for  the  treatment  of  asthma  and  bronchial  catarrh,  and  seems  advantageous 
in  cases  where  slight  moist  sounds,  lasting  a  long  time,  give  room  for 
anxiety  that  phthisis  is  impending,  but  it  is  not  a  resort  for  phthisical 
patients. 

The  waters  are  used  for  bathing,  but  have  probably  no  special 
external  influence.  Some  patients  with  gouty  and  rheumatic  affections, 
and  many  suffering  from  functional  and  nervous  troubles,  find  Mont  Dore 
beneficial,  for,  on  account  of  its  height,  it  has  a  bracing  climate  in  the 
summer.  In  sending  patients  to  Mont  Dore,  it  has  to  be  remembered  that 
the  season  is  short,  extending  only  from  the  middle  of  June  to  the  middle 
of  September.  In  cold  seasons,  indeed,  it  begins  to  wear  a  deserted  aspect 
in  the  first  week  of  September. 

Lithium  Waters. 

Since  Sir  Alfred  Garrod  introduced  lithium  in  the  treatment  of  gout, 
importance  has  been  attached  to  the  presence  of  this  metal  in  certain 
mineral  waters,  and  part  of  their  therapeutic  activity  has  been  attributed 
to  it.  In  some  of  the  alkaline  waters,  as  those  of  Eoyat  and  Vals,  it  exists 
as  a  bicarbonate — in  many  others  as  a  chloride.  It  is  present,  too,  in  some 
of  the  sulphated  waters.  But  the  amount  of  lithium  present  in  the  waters 
which  contain  most  of  it  is  very  small,  as  will  be  seen  from  the  annexed 
list,  which  gives  the  number  of  grains  per  pint  in  the  chief  lithium  con- 
taining waters. 

Chlorides  of  lithium. — Salzschlirf  (Bonifaciusquelle),  Hesse  Nassau, 
1/8 ;  Baden  Baden  (Hauptollen),  0'7 ;  Eoyat  (Eugenie),  O3 ;  Assmans- 
hausen,  Hesse  Nassau,  0'24 ;  Homburg  (Elizabethbrunnen),  0-17 ;  Kissingen 
(Rakoczy),  0'17. 

Carbonates  of  lithium. — Saratoga  Halthorne  Spring,  U.S.A.,  1/5  ;  Buffalo 
Lithia  Springs,  U.S.A.,  0'3 ;  Vals  (Source  Sauveraine),  O35 ;  Bilin  (Sauer- 
brunnen),  O3  ;  Franzensbad  (Wiesenquelle),  0'08  ;  Carlsbad,  0-02. 

Lithium  is  only  of  value  because  of  its  low  combining  proportion  and 
the  solubility  of  the  salt  which  it  forms  with  uric  acid,  and  there  is  no 
probability  that  in  the  small  quantities  in  which  it  is  taken  it  can  play 
any  part  in  the  curative  effects  which  the  waters  containing  it  produce. 


ALKALINE  SODIUM  CHLOKIDE  WATERS. 

These  waters  contain  from  10  to  25  grs.  per  pint  of  sodium  bicarbonate 
and  about  the  same  quantity  of  sodium  chloride.  Many  of  them  are 
warm,  and  nearly  all  contain  a  considerable  quantity  of  carbonic  acid. 


Temperature 
F. 

Sodium  Bicarbonate. 
In  grs.  per  pint. 

Sodium  Chloride. 
In  grs.  per  pint. 

Ems  (Kesselbrunnen)      .... 

116° 

17 

9 

Royat  (Eugenie)     ..... 

95° 

12 

15 

La  Bourbotile  (Perriere)  .'         .         .         . 

130° 

25 

25 

55 
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Other  alkaline  and  sodium  chloride  waters. —  Tcmmistein  ("Hhenish 
Prussia),  Assmanshausen  (Prussia),  Saint  Nectare  (Puy  de  Dome),  /Ktna 
Springs  (California,  U.S.A.),  Howard  Springs  (California,  U.S.A.),  Gleichens- 
berg  (Styria),  Luhatschowitz  (Moravia).  The  last  two  are  cold  springs— 
Bourboule  has  warm  alkaline  sodium  chloride  waters  containing  more 
arsenic  than  those  of  lloyat.  They  will  be  alluded  to  under  the  head  of 
Arsenical  Waters. 

Description  of  the  Chief  Alkaline  Sodium  Chloride  Springs. 

EMS,  on  the  Lahn,  a  tributary  of  the  Khine,  is  situated  in  a  narrow 
valley,  and  is  very  hot  in  July  and  August.  There  are  many  springs, 
varying  in  temperature  from  80°  to  120°  R,  and  they  contain  about  18  grs. 
per  pint  of  sodium  bicarbonate,  and  about  9  grs.  of  sodium  chloride.  In  the 
sodium  action  of  these  waters  we  have  the  influence  of  weak  solutions  of 
chloride  and  bicarbonate  conjoined.  The  waters  of  Ems  are  used  both  for  i 
bathing  and  internal  administration.  Bronchial  and  catarrhal  affections 
are  largely  treated  at  Ems,  and  there  is  an  efficient  arrangement  for  the 
use  of  sprays  and  inhalations.  The  water  is  agreeable  to  drink ;  it  is 
largely  used  in  cases  of  gastric  catarrh,  to  remove  mucus,  and  is  given 
too  for  gout  and  rheumatism.  It  is  said  to  be  specially  useful  in  promot- 
ing the  absorption  of  pleuritic  deposits,  and  in  cases  where  slight  dulness 
with  moist  sounds  continues  at  the  base  of  the  lungs  after  a  bronchitic 
attack.  The  waters  are  much  used  in  uterine  catarrhs.  They  are  given 
too  in  cases  of  dyspepsia,  cystitis,  and  many  other  ailments. 

The  season  here  lasts  from  the  end  of  April  until  the  beginning  of 
October. 

KOYAT,  in  France,  is  situated  in  a  volcanic  region — Puy  de  Dome.  Its 
waters  resemble  much  those  of  Ems,  but  they  are  not  so  hot,  the  tem- 
perature of  the  springs  varying  from  68°  to  95°  R 

Some  of  the  springs  contain  a  little  iron,  and  all  a  minute  quantity  of 
arsenate  of  sodium.  They  are  used  for  much  the  same  purposes  as  those  at 
Ems,  but  are  not  so  distinctly  employed  for  laryngeal  and  bronchitic  affec- 
tions. Chronic  rheumatism  and  gout  are  often  treated  here,  and  the  waters 
are  considered  useful  in  certain  chronic  skin  diseases,  such  as  eczema  and 
psoriasis. 

SULPHATED  WATERS. 

Of  the  three  divisions  of  the  sulphated  waters,  (a)  the  Sulphated 
Saline  needs  only  a  short  notice.  At  St.  Gervais  in  Savoy  and  Grenzack 
near  Bale,  there  are  waters  containing  sodium  chloride  and  sulphate  as 
their  chief  constituents,  and  there  are  also  several  small  spas,  the  waters  of 
which  contain  the  two  sodium  salts  and  some  earthy  constituents,  but 
they  are  not  of  importance. 

Alkaline  Sulphated  Waters 

These  waters  have  for  their  chief  ingredients  sodium  sulphate, 
sodium  bicarbonate,  and  free  carbonic  acid,  but  they  also  contain  some 
chloride  of  sodium,  and  in  many  of  them  minute  quantities  of  iron  are 
found. 
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The  Chief  Alkaline  Sulphated   Waters. 


Sodium  Sulphate. 
Grs.  per  pint. 

Sodium  Bicarbonate. 
Grs.  per  pint. 

Sodium  Chloride. 
Grs.  per  pint. 

Tempera- 
ture F. 

Carlsbad  (Sprudel) 

22 

12 

10 

160° 

Marienbad  (Kfeuzbnmnen)   . 

43 

14 

13 

50° 

Franzensbad  (Kaltersprudel) 

30 

8 

10 

50° 

Tarasp  (Luciusqiielle)    . 

20 

40 

30 

44° 

Other  alkaline  and  sulphated  waters. — Elster  (Saxony),  Bertrich  (Valley 
of  the  Moselle),  Eohitsch  (Styria),  Pacific  Congress  Springs  (California), 
Eoyal  George  Springs  (Colorado). 

Pharmacology  and  therapeutics.— The  presence  of  sodium 
sulphate  in  the  alkaline  sulphated  waters  confers  on  them  a  distinct 
aperient  influence  (see  p.  339).  A  weak  solution  of  sulphate  of  sodium 
is  to  a  slight  extent  absorbed  in  the  stomach,  but  the  greater  part 
passes  into  the  intestinal  canal.  Unlike  sodium  chloride  solution,  it  is  not 
rapidly  absorbed ;  the  presence  of  the  salt,  indeed,  tends  to  prevent  absorp- 
tion of  fluid,  and  by  osmotic  currents  its  bulk  is  increased.  The  fluid 
stimulates  peristalsis,  and  passing  downwards  produces  an  aperient 
effect.  The  upper  reaches  of  the  intestines  are  cleared  of  their  contents, 
and  this,  too,  without  their  mucous  membrane  being  irritated.  The  bicar- 
bonate of  sodium  and  sodium  chloride  will  exert  at  the  same  time  their 
own  special  influence.  A  small  quantity  of  the  sodium  sulphate  is 
absorbed  into  the  blood,  and  it  then  aids  in  influencing  the  movements  of 
the  fluids  of  the  tissues,  and  may  promote  diuresis  when  excreted.  Whether 
it  influences  metabolism  or  not  is  not  yet  determined.  It  seems  to  have 
some  effect  in  hastening  the  absorption  of  fat,  of  which  it  may  perhaps 
increase  the  oxidation,  though  this  is  not  yet  proved. 

The  waters  containing  sodium  sulphate  do  not  tend  to  produce  intestinal 
catarrh.  It  is  not  probable  that  they  have  any  influence  in  increasing  the 
flow  of  bile,  as  at  one  time  thought.  It  is  possible  that  the  sulphated 
waters  may  have  a  beneficial  influence  in  removing  duodenal  catarrh  and 
clearing  away  mucus. 

Description  of  the  Chief  Alkaline  Sulphated  Springs. 

CARLSBAD  is  built  on  each  side  of  a  narrow  valley  in  Bohemia.  Of  the 
four  chief  alkaline  and  sulphated  waters,  those  of  Carlsbad  alone  are  warm. 
The  temperature  of  the  different  springs  at  Carlsbad  varies,  two  not  rising 
to  100°  F.,  the  others  have  a  temperature  between  this  and  167°  F.  The 
quantity  of  carbonic  acid  also  varies  in  the  different  wells,  but  the  difference 
in  the  amount  of  sulphates  amongst  those  most  used  is  not  very  consider- 
able. About  4  to  6  oz.  of  the  waters  are  taken  at  one  time,  usually  before 
breakfast,  and  this  amount  is  repeated  at  intervals  of  a  quarter  of  an  hour. 
From  12  to  36  oz.  are  drunk  daily,  but  when  large  amounts  are  ordered 
the  waters  are  taken  also  later  in  the  day. 

Carlsbad  is  the  great  resort  for  the  dyspeptic  and  gouty,  especially  for 
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those  who  have  taken  harm  from  a  superabundance  of  food  and  insufficient 
exercise.  Many  cases  of  chronic  catarrh  of  the  stomach,  dilated  stomach, 
and  intestinal  catarrh  come  here  for  treatment.  It  is  resorted  to  for  many 
ailments  connected  with  the  liver,  such  as  catarrhal  jaundice,  gall  stones, 
early  cirrhosis,  etc.  Carlsbad  water  does  not  dissolve  gall  stones,  but  it 
probably  aids  their  expulsion  by  improving  the  condition  of  the  mucous 
membrane  of  the  stomach  and  upper  part  of  the  intestinal  canal.  Patients 
suffering  from  splenic  enlargement  due  to  malaria  are  said  to  be  benefited 
by  Carlsbad  waters.  It  is  claimed  also  that  they  are  of  value  in  prevent- 
ing the  undue  formation  and  excretion  of  uric  acid,  and  that  they  are  of 
service  in  gravel.  Diabetics  seem  to  receive  benefit  from  the  Carlsbad 
waters,  though  the  manner  in  which  the  waters  act  is  not  quite  clear. 
Excessive  obesity  is  also  treated  at  Carlsbad,  but  Marienbad  is  more 
resorted  to  for  the  removal  of  superfluous  fat.  The  waters  have  usually 
a  distinct  but  not  a  strong  aperient  effect. 

Carlsbad  is  a  place  for  active  treatment  rather  than  pleasure,  and  more 
notice  is  taken  of  diet  here  than  at  most  other  baths, — the  cuisine  at  the 
hotels  being  to  some  extent  regulated  by  the  dietetic  requirements  of  the 
patients.  For  those  who  have  a  weak  heart  or  arterial  sclerotic  changes, 
the  waters  of  Carlsbad  are  sometimes  unsuitable.  Generally  a  patient 
feels  somewhat  reduced  in  strength  by  them,  especially  at  first,  though 
this  is  by  no  means  always  the  case.  Stout,  gouty  people  seem  to  derive 
most  advantage  from  the  Carlsbad  treatment.  After  a  course  of  the  waters, 
it  is  customary  for  a  patient  to  go  to  some  bracing  place  for  complete 
restoration  to  health.  There  are  of  course  arrangements  for  bathing  at 
Carlsbad,  and  the  mud  baths  are  not  unfrequently  used,  but  the  internal 
administration  of  the  waters  is  valued  most.  Between  May  and  September 
English  visitors  are  very  numerous  at  Carlsbad,  but  the  baths  may  be 
taken  earlier  or  later, — they  are  open  all  the  year  round. 

The  waters  of  Bertrich  contain  the  same  constituents  as  those  of  Carls- 
bad, but  in  smaller  quantities. 

MARIENBAD,  in  Bohemia,  is  in  a  broad  open  valley,  1900  ft.  above 
the  sea,  and  its  waters  are  cold.  The  chief  springs,  the  Kreuzbrunnen 
and  Ferdinandsbrunnen,  contain  about  twice  the  quantity  of  sulphate  of 
sodium  present  in  the  Carlsbad  water,  and  rather  more  sodium  bicarbonate 
and  sodium  chloride.  The  latter  is  the  richer  in  carbonic  acid.  There  are 
other  springs  at  Marienbad  which  are  distinctly  weaker  in  saline  in- 
gredients, but  all  contain  a  large  quantity  of  carbonic  acid;  and  in  one, 
the  Marienquelle,  which  is  chiefly  used  for  bathing,  the  carbonic  acid  is 
the  most  important  constituent.  A  small  amount  of  iron  is  present  in  all 
the  waters,  and  one,  the  Eudolphsquelle,  may  be  classed  amongst  the 
earthy  waters,  its  chief  saline  constituents  being  bicarbonates  of  calcium 
and  magnesium. 

The  sulphated  waters  are  used  for  much  the  same  purposes  as  those  of 
Carlsbad,  but,  being  more  aperient,  they  are  less  adapted  for  those  who  are 
not  strong.  The  waters  of  Marienbad,  more  than  those  of  Carlsbad,  are 
regarded  as  decreasing  the  amount  of  fatty  tissue  in  the  body.  A  con- 
siderable number  of  people  go  to  Marienbad  for  the  purpose  of  decreasing 
their  obesity.  On  the  other  hand,  diabetic  patients  are  less  numerous 
than  at  Carlsbad.  Like  the  latter  place,  Marienbad  is  the  resort  of  people 
suffering  from  defective  excretion,  the  result  of  a  want  of  relation  between 
the  food  and  exercise  taken ;  from  dyspeptic  affections,  gall  stones, 
affections  of  the  liver,  constipation,  chronic  catarrh,  and  other  gastro- 
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intestinal  troubles.  A  few  repair  there  for  vesical  catarrh,  in  order  to  take 
the  waters  of  the  Eudolphsquelle,  whilst  anaemic  and  debilitated  people 
sometimes  go  to  this  place  for  the  benefit  of  the  bracing  air  and  the 
advantages  to  be  derived  from  a  weak  iron  spring,  the  Ambrosiusquelle. 
The  waters  of  Marienbad  are  more  used  for  bathing  than  drinking,  but 
there  are  suitable  arrangements  for  heating  of  the  waters  and  baths  of 
various  kinds.  The  mud  or  moor  bath  is  a  favourite  remedy  for  the  relief 
of  gouty,  rheumatic,  and  neuralgic  pains. 

The  season  at  Marienbad  is  shorter  than  that  of  Carlsbad.  The  best 
time  for  English  visitors,  who  largely  patronise  Marienbad,  is  between  the 
middle  of  May  and  the  beginning  of  September. 

FRANZENSBAU,  also  in  Bohemia,  is  in  a  flat  plain  1500  ft.  above  the  sea. 
The  waters  are  cold,  and  resemble  much  those  of  Marienbad,  though  they 
are  weaker,  containing  about  one-third  less  of  sulphate  and  chloride  of 
sodium,  and  less  alkaline  and  earthy  carbonates.  All  the  springs  contain 
traces  of  iron,  and  some  a  considerable  quantity. 

The  springs  at  Eranzensbad  vary  considerably  in  character ;  some  of 
them,  such  as  the  Franzensquelle,  being  not  unlike  the  Carlsbad  water, 
whilst  others  furnish  chalybeate  water.  Eranzensbad  is  most  largely 
resorted  to  for  the  treatment  of  anaemia,  nervous  disorders  in  females,  and 
uterine  ailments,  but  patients  also  go  there  who  are  suffering  from  gouty 
and  rheumatic  affections.  It  is  much  less  frequented  by  English-speaking 
people  than  Marienbad  or  Carlsbad. 

TARASP,  in  the  Engadine,  has  a  large  Kurhaus,  at  which  two  classes 
of  springs  are  found.  The  first  class  contain  sulphate  of  sodium,  sodium 
bicarbonate,  and  sodium  chloride,  with  carbonic  acid,  whilst  the  chief 
constituents  of  the  second  class  are  iron  carbonate  and  free  carbonic 
acid.  The  sulphated  waters  are  as  strong  in  sulphate  of  sodium  as 
those  of  Carlsbad,  but  they  contain  considerably  more  sodium  car- 
bonate, with  a  considerable  amount  of  calcium  bicarbonate  and  a  little 
iron. 

Tarasp  is  a  mountainous  district  4000  ft.  above  the  sea.  It  is  there- 
fore a  more  bracing  place  than  Carlsbad  or  Marienbad.  Its  sulphated 
waters  are  used  for  the  same  purposes  as  those  of  Carlsbad,  and  patients 
suffering  from  such  ailments  as  those  for  the  treatment  of  which  Carlsbad 
has  a  reputation,  but  requiring  a  bracing  air,  often  resort  to  Tarasp.  But 
patients  should  not  be  sent  to  Tarasp  until  the  middle  of  June,  and  during 
the  first  and  second  week  in  September  most  of  the  patients  leave.  Not 
many  English  go  to  Tarasp. 

Bitter  Sulphated  Waters. 

The  essential  ingredient  of  these  waters  is  sulphate  of  magnesium, 
which  acts  like  sodium  sulphate,  save  that  it  has  a  more  powerful  effect  in 
increasing  the  peristaltic  action  of  the  intestinal  canal  and  the  intestinal 
secretion.  It  has  been  held  to  increase  the  amount  of  urea  excreted 
by  stimulating  tissue  change,  but  an  effect  on  tissue  change  is  not 
proved. 

The  sulphate  of  magnesium  is  usually  combined  with  sodium  sulphate 
and  chlorides,  but  there  is  little,  if  any,  free  carbonic  acid  present. 
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Exported  Strong  Bitter  Sulphated  Waters. 


Magnesium 
Sulphate 
(grs.  per  pint). 

Sodium 
Sulphate 
(grs.  per  pint). 

Sodium 
Chloride 
(grs.  per  pint). 

Magnesium 
Chloride 
(grs.  per  pint). 

jEsculap  (Hungary) 

200. 

160 

35 

Franz  Joseph  (Budapest)        .  ,     '\  . 

200 

200 

15 

Friedrichshall  (Saxe  Meiningen)     . 

451 

551 

70 

35 

Hunyadi  Janos  (Budapest)     . 

1401 

1401 

12 

Pullna  (Bohemia)  .... 

1062 

1402 

212 

Rubinat  (Spain)    .      '«       '»    '  ••'.••' 

28 

800 

18 

... 

Other  Strong  Bitter  Sulphated  Waters. 
Birnicnsdorf  (Switzerland),  Apenta  (Budapest),  Seidlitz  (Bohemia). 

Weak  Bitter  Sulphated  Water. 

There  are  many  waters  containing  sulphate  of  magnesium  which  cannot 
be  regarded  as  belonging  to  the  same  class  as  the  exported  bitter  waters, 
because  of  the  small  quantity  of  the  magnesium  salt  contained  and  the 
presence  of  earthy  constituents;  such  are  : — 


Magnesium 
Sulphate 
(grs.  per  pint). 

Sodium 
Sulphate 
(grs.  per  pint). 

Sodium 
Chloride 
(grs.  per  pint). 

Calcium 
Sulphate 
(grs.  per  pint).  , 

i 

Leamington  (Pump  Room  Well)    . 

7 

86 

, 
20 

Cheltenham  (Chadnor  Villa  Well)  . 

15 

7 

3 

8 

Brides  les  Bains     .... 

4 

16 

16 

15 

The  waters  of  some  springs  iii  England  containing  sulphate  of  magnesium 
were  formerly  employed  for  drinking  purposes,  such  as  Epsom,  Beulah,  and 
Barnet ;  the  waters  of  Victoria  Spa  in  Warwickshire,  and  Purton  Spa  in 
Wiltshire,  are  still  used. 

Pharmacology. — The  mineral  waters  containing  the  sodium  and 
magnesium  sulphates  have,  of  course,  a  more  aperient  action  than  the 
alkaline  and  sulphated  waters.  They  prevent  the  absorption  of  the  con- 
tents of  the  upper  part  of  the  intestinal  canal,  clear  out  its  contents, 
relieving  hypersemia  of  the  abdominal  organs,  and  often  appear  to  improve 
the  condition  of  the  gastro-intestinal  mucous  membrane,  when  it  is  in  a 
catarrhal  condition.  The  mineral  waters  are  much  used  in  constipation, 
for  they  do  not,  after  acting  as  aperient,  lead  to  constipation ;  habituation, 
however,  not  unfrequently  causes  them  to  fail  in  their  effects,  and  they 
may  fail,  too,  owing  to  conditions  of  the  blood,  since  their  action  largely 
depends  on  the  alterations  in  osmotic  currents  they  produce,  and  these  are 
influenced  by  the  condition  of  the  blood. 

1  Tichliorne  and  Prosser  James  give  estimations  exceeding  these  by  one-half. 

2  Tichborne  and  Prosser  James  give  85  grs.  of  magnesium  sulphate  and  110  grs.  of  sodium 
sulphate  per  pint,  with  15  grs.  of  magnesium  chloride. 
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If  magnesium  sulphate  has  any  influence  at  all  on  metabolism,  it  is  not 
considerable ;  it  seems  probable  that  only  a  small  quantity  is  absorbed, 
but  this  small  quantity  is  excreted  by  the  kidneys  exerting  a  diuretic 
influence.  Although  the  magnesium  element  of  the  bitter  waters  may 
influence  metabolism  but  slightly,  the  sodium  chloride  and  sodium  sulphate 
probably  have,  as  before  indicated,  some  effect  on  tissue  changes. 

Therapeutics. — The  mineral  waters  containing  sulphate  of  mag- 
nesium may  be  given  in  most  ailments,  but  Leichenstern  points  out  that 
they  are  not  well  borne  by  anaemic  people,  by  convalescents,  or  by  patients 
with  tuberculous  ulceration  of  the  bowels.  They  are  of  special  service  in 
chronic  catarrh  of  the  bowels,  and  do  not  seem  to  exert  any  evil  influence 
in  cases  of  gastric  ulcer.  Gouty  people,  and  those  suffering  from  that 
undefined  condition, — biliousness,  find  them  beneficial.  Used  in  excess 
they  may  interfere  with  nutrition ;  but,  on  the  other  hand,  given  fittingly, 
they  may  promote  nutrition  by  the  improvement  they  effect  in  the  gastro- 
intestinal mucous  membrane.  As  a  rule,  from  2  to  5  oz.  are  administered 
at  one  time,  and  it  is  a  good  plan  to  add  a  little  warm  water,  since  this 
seems  to  promote  the  efficacy  of 'these  waters  as  aperients.  It  will  be 
noted  that  the  Franz  Joseph  water  is  the  strongest,  while  the  Friedrichs- 
hall  water  contains  only  a  comparatively  small  amount  of  the  magnesium 
and  sodium  sulphates ;  and  furthermore,  that  the  Eubinat  water  owes  its 
aperient  effect  to  sodium  sulphate,  for  it  contains  only  a  small  amount  of 
the  magnesium  sulphate. 

Description  of  the  Chief  Bitter  Sulphated  Springs. 

LEAMINGTON. — There  are  several  wells  at  Leamington  yielding  cold 
water  containing  sulphates  and  sodium  chloride.  The  one  given  in  the 
table  is  regarded  by  the  analyst  as  containing  no  sodium  sulphate,  but  the 
other  two  chief  wells — the  Aylesford  Well  and  the  Public  Fount — contain 
13  and  10  grs.  respectively.  In  all  there  is  a  considerable  quantity  (10  to 
20  grs.)  of  calcium,  sulphate,  and  in  one  (Public  Fount)  about  1  gr.  per 
pint  of  carbonate  of  iron. 

The  waters  are  employed  both  internally  and  externally.  Since  they 
contain  so  large  an  amount  of  salt,  and  only  a  small  amount  of  the  sul- 
phates of  sodium  and  magnesia,  their  influence  on  the  various  organs  and 
tissues  will  be  comparable  to  that  of  the  sodium  chloride  waters  rather 
than  to  that  of  the  sulphated  waters. 

Leamington  is  often  resorted  to  by  those  suffering  from  congestion  and 
enlargement  of  the  liver,  brought  about  by  long  residence  in  hot  climates ; 
by  patients  suffering  from  an  early  stage  of  liver  cirrhosis  and  chronic 
gout.  Certain  forms  of  rheumatism  and  sciatica,  and  strumous  cases,  derive 
advantages  from  the  waters  of  Leamington ;  so,  too,  do  some  skin  diseases, 
such  as  gouty  eczema  and  psoriasis.  In  acute  diseases,  wasting  affections, 
and  gastric  ulcers,  they  are  said  not  to  be  advisable.  For  bathing  purposes 
the  waters  are  of  course  heated;  there  are  good  baths  of  all  kinds  at 
Leamington,  and  good  bath  accessories  too  in  the  form  of  douches,  massage, 
etc.  The  place  has  the  advantage  of  well-laid-out  grounds  for  visitors,  and 
the  climate  is  fairly  mild.  The  baths  are  open  all  the  year,  but  from 
April  to  October  is  regarded  as  the  season. 

CHELTENHAM. — There  are  a  variety  of  wells  at  Cheltenham,  which  for 
a  long  time  have  been  but  little  used.  Four  of  them  contain  50  to  55  grs. 
of  sodium  chloride  and  12  to  18  grs.  of  sodium  sulphate  per  pint,  but  in 
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three  out  of  the  four,  magnesium  sulphate  is  absent.  They  have  been  used 
for  the  same  purposes  as  those  of  Leamington,  but  for  many  years  they 
have  received  little  attention ;  their  saline  constituents  indicate  that  they 
might  be  made  therapeutically  useful.  All  contain  iron,  and  one,  the 
Cambrey  Chalybeate,  nearly  1  gr.  of  iron  in  20  oz. 

BRIDES  LES  BAINS,  in  Savoy,  has  warm  springs  (95°  F.),  and  has  been 
called  the  French  Carlsbad.  It  is  resorted  to  by  gouty  patients,  and  by 
many  suffering  from  hepatic  and  gastro-intestinal  trouble,  especially 
atonic  dyspepsia  and  constipation  ;  diabetic  patients  sometimes  come  here 
for  treatment.  The  waters  of  the  neighbouring  baths,  Salins-Moutiers,  are 
of  a  somewhat  similar  composition  and  temperature,  and  are  rich  in  carbonic 
acid. 

EARTHY  WATERS. 

Many  of  the  waters  described  in  the  groups  already  considered  contain 
a  considerable  quantity  of  calcium  sulphate  and  carbonate,  and  some  a 
little  magnesium  carbonate,  but  they  are  not  included  amongst  the  earthy 
waters  because  their  therapeutic  effects  seem  to  depend  on  other  con- 
stituents. There  are,  however,  certain  springs  in  which  calcium  and 
magnesium  salts  appear  to  be  the  only  saline  ingredients  to  which  import- 
ance can  be  attributed ;  to  these  the  name  earthy  waters  is  given. 

The  Chief  Earthy  Waters. 


Calcium 
Bicarbonate 
in  grs.  per  pint. 

Magnesium 
Bicarbonate 
in  gre.  per  pint. 

Wildungen     ...... 

6-12 

5-12 

Contrexeville  (Source  clu  Pavilion) 

4 

•3 

Vittel  (Grand  Source)     .... 

2 

•2 

Other  Earthy  Waters. 

Bethesda  (United  States),  Inselbad  (Westphalia),  Lippspringe  (West- 
phalia), Saxob  (Switzerland),  Bagneres  de  Bigorre  (Pyrenees),  Lucca  (Italy), 
Auerbach  (Hesse),  Bormio  (Italy). 

Pharmacology  and  therapeutics. — Waters  containing  sulphate 
of  calcium  in  considerable  quantities  are  apt  to  irritate  the  intestinal 
tract,  and  we  know  of  no  beneficent  action  produced  by  this  salt.  The 
bicarbonates  of  iron  and  magnesium  are  antacids.  It  has  been  held  by 
some  that  the  quantity  of  important  salts  is  too  small  to  produce  any 
great  influence  on  vesical  diseases,  which  are  said  to  be  specially  benefited. 
Yet  clinical  evidence  points  to  a  value  in  the  treatment  of  vesical  calculus, 
gravel,  and  chronic  cystitis,  which  can  hardly  be  due  to  the  water  alone. 
Though  lime  salts  are  not  very  diffusible,  it  seems  probable  that  absorption, 
to  some  extent,  does  take  place  in  the  upper  part  of  the  intestinal  canal, 
and  that  there  is  a  partial  excretion  in  the  urine,  attended  by  slight  diuresis 
and  a  decrease  in  acidity  of  the  urine.  There  are  some  indications,  too, 
that  lime  salts  exercise  a  sedative  influence  on  the  urinary  tract.  It  is 
not  probable  that  the  magnesium  salts  present  exercise  any  considerable 
influence,  though  they  may  have  a  slight  aperient  effect. 
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Description  of  the  Chief  Earthy  Water  Springs. 

WILDUNGEN,  in  the  principality  of  Waldeck  in  Germany,  is  740  ft. 
above  the  sea,  and  well  situated.  It  attracts  visitors  for  pleasure  as  well 
as  patients.  The  waters  are  cold,  and  contain,  in  addition  to  bicarbonates 
of  calcium  and  magnesium,  much  free  carbonic  acid  and  a  small  quantity  of 
iron.  One  of  the  springs — the  Stahlquelle — is  used  in  anaemia.  Calcium 
sulphate  is  absent. 

Wildungen  is  specially  the  resort  of  patients  suffering  from  affections 
of  the  urinary  system,  especially  uric  acid  gravel,  calculus,  cystitis,  pyelitis, 
and  enlarged  prostate ;  surgical  treatment  is  carried  out  when  necessary. 
The  waters  are  taken  in  considerable  quantity,  and  are  sometimes  warmed 
before  being  taken.  Bathing  is  employed,  but  not  to  any  considerable 
extent.  The  dietetic  treatment  at  Wildungen  is  somewhat  strict,  and  even 
at  the  hotels  some  care  is  taken  to  prevent  patients  taking  harmful  food. 
The  place  is  open  at  all  times,  but  the  season  lasts  from  May  to  September. 

CONTKEX^VILLE,  in  the  department  of  the  Vosges  (France),  1150  ft. 
above  the  sea,  has  cold  springs,  the  most  famous  of  which  is  the  "  Source 
du  Pavilion."  The  waters,  like  those  of  Wildungen,  are  chiefly  employed 
in  diseases  of  the  urinary  tract,  especially  in  cases  of  vesical  catarrh, 
cystitis,  gravel,  and  calculus.  But  many  cases  of  gout  and  diabetes  are 
also  sent  to  Contrexeville,  and  a  few  cases  of  biliary  colic  are  also  sent 
here.  Contrexeville  receives  a  large  proportion  of  the  English  patients 
sent  to  baths  for  the  treatment  of  urinary  affections.  Unlike  the  waters 
of  Wildungen,  those  of  Contrexeville  contain  a  considerable  amount  of 
sulphate  of  calcium  (nearly  10  grs.  per  pint);  they  also  contain  a  minute 
quantity  of  sodium  sulphate,  but  hardly  sufficient  to  account  for  the  slight 
aperient  action  which  seems  at  times  to  follow  their  use.  Some  of  the 
physicians  at  Contrexeville  claim  that  acute  as  well  as  chronic  gout  is 
benefited  by  the  waters  of  Contrexeville.  Contrexeville  is  a  bracing  place, 
and  much  more  visited  for  health  than  for  pleasure.  The  season  does  not 
begin  until  June,  and  continues  until  October. 

VITTEL  is  four  miles  from  Contrexeville,  and  its  waters,  which  are  cold, 
contain  less  lime  and  magnesia  than  those  of  Contrexeville.  In  addition 
to  the  calcium  carbonate,  the  water  of  the  Grand  Source  contains  about 
2  grs.  per  pint  of  sulphate  of  sodium,  whilst  that  of  the  waters  of  another 
of  the  chief  wells,  the  Source  Salee,  has  in  the  same  quantity  of  water 
7  to  8  grs.  of  sulphate  of  magnesium  and  12  of  sulphate  of  calcium.  The 
waters  of  Vittel  are  used  for  much  the  same  purposes  as  those  of 
Wildungen  and  Contrexeville,  but  it  is  less  resorted  to  by  English  visitors. 

INSELBAD  and  LIPPSPEINGE  are  chiefly  resorted  to  for  affections  of  the 
respiratory  organs. 

BETHESDA  water  contains  rather  more  than  2  grs.  of  bicarbonate  of 
calcium  and  1£  grs.  of  bicarbonate  of  magnesium  in  the  pint.  It  is  used 
in  bladder  troubles  and  has  been  much  recommended  in  diabetes,  but  recent 
observations  cast  much  doubt  upon  its  utility  in  this  ailment.  It  has  been 
likewise  given  in  albuminuria  and  indigestion. 

Barium  Waters. 

At  Llangammarch,  in  Brecknockshire,  there  is  a  spring,  the  water  of 
which  contains,  in  addition  to  23  grs.  per  pint  of  sodium  chloride  and  10 
of  calcium  chloride,  rather  more  than  0'84  gr.  of  barium  chloride.  Several 
of  the  wells  of  Harrogate,  too,  contain  barium  salts.  According  to  Thorpe, 
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the  old  sulphur  wells  contain  O82  gr.  in  each  pint,  and  Davies  in  1881 
gave  a  slightly  higher  estimate  of  the  amount.  The  chloride  of  iron  well 
contains  almost  as  much,  the  Kissingen  well  only  0'33  gr.  The  waters  of 
Saratoga,  U.S.A.,  contain  a  little  barium. 

It  is  well  known  that  barium  chloride  is  capable  of  contracting  the 
involuntary  muscular  fibre,  and  decreasing  the  calibre  of  the  vessels,  and 
it  has  been  shown  experimentally  to  increase  the  contractile  power  of 
the  excised  heart  and  render  it  slower.  Oliver  has  observed  a  decided 
increase  in  the  arterial  pressure  produced  by  the  waters  of  the  old 
sulphur  spring  at  Harrogate.  Whether  the  chloride  of  barium  waters  will 
be  found  to  exert  a  therapeutic  effect  in  cardiac  disorders  remains  to  be 
seen.  The  quantity  of  barium  present  in  the  waters  of  Llangammarch  and 
in  some  of  those  of  Harrogate,  though  small,  seems  quite  sufficient  to 
produce  a  definite  effect  on  the  circulation  if  large  quantities  of  the  water 
are  taken. 

CHALYBEATE  WATERS. 

In  the  majority  of  chalybeate  springs  the  metal  exists  in  the  form  of 
bicarbonate,  but  waters  containing  chloride  and  sulphate  are  also  met 
with, — the  sulphate  being  combined  with  aluminium  sulphate.  As  the 
value  of  iron  waters  is  enhanced  by  the  bracing  character  of  the  places 
in  which  the  wells  are  situated,  the  height  of  the  various  chalybeate  baths 
is  given  in  the  accompanying  table. 

The  Chief  Chalybeate  Waters. 


Harrogate  (Kissingen)    . 


Tunbridge  Wells    . 

Schwalbach  (Stahlbrunnen)    . 

Spa  (Pouhon) 

Pyrmont  ( Hauptquelle)  . 


Height 
in  feet. 


Iron  Sails  in  grs. 
per  pint. 


Other  Ingredients  in  grs. 
per  pint. 


350-500       1-2  (ferrous    car- 
bonate). 


420 


0-6 


900      !    07 

1030      |    0-9 

404          0-6 


Rippoldsau  (Wenzelsquelle)    .        1886 


St.  Moritz(Funtanna  Surpunt)       5460 


Tarasp  (Bonifaciusquelle) 


4265 


Harrogate  (Chloride  Spa)        .  !  350-500 


0-8 


0-4 


0-4 


1-6  (ferrous  chlor- 


Trefriw (No.  1)       .  '      .  . 
Flitwick          .         .         . 
Harrogate  (Alum  Well)  . 


ide)  ;       1-4 
(ferrous  car- 
bonate). 
48  '0   (ferrous     sul- 

phate). 
21-3     (ferric      sul- 

phate). 

350-500  8  '7  (ferrous  sul- 
phate) ;  9  '8 
(ferric  sul- 
phate). 


Sodium  chloride,  84 ;  cal- 
cium chloride,  11  ;  mag- 
nesium chloride,  8. 

No  other  important  in- 
gredient. 

Much  carbonic  acid. 

Much  carbonic  acid. 

Calcium  sulphate,  8 ;  cal- 
cium carbonate,  7  ;  mag- 
nesium sulphate,  3 ;  much 
carbonic  acid. 

Calcium  bicarbonate,  10  ; 
sodium  sulphate,  7  ;  car- 
bonic acid. 

Calcium  carbonate,  6 ;  sodium 
sulphate,  2 ;  carbonic 
acid. 

Sodium  bicarbonate,  12 '6  ; 
calcium  carbonate,  24  '0  ; 
carbonic  acid. 

Sodium  chloride,  35  ;  cal- 
cium chloride,  12  ;  mag- 
nesium chloride,  7. 

Aluminium  sulphate,  6  ; 
magnesium  sulphate,  2. 

Aluminium  sulphate,  3 '5  ; 
sodium  sulphate,  2'0. 

Sodium  chloride,  4  '2;  alu- 
minium sulphate,  11 '3  ; 
calcium  sulphate,  7'1  ; 
magnesium  sulphate,  7 '3. 
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Other  Chalybeate  Water. 

A  large  proportion  of  the  members  of  the  various  groups  already  dealt 
with  are  sufficiently  rich  in  iron  to  warrant  them  being  claimed  as  chaly- 
beate springs,  and  many  waters  are  recognised  as  chalybeate  though  the 
amount  of  iron  in  them  is  very  small.  Hence,  if  all  the  iron  waters 
were  mentioned,  the  list  would  be  very  long.  In  Great  Britain  alone 
there  are  about  thirty  springs,  besides  those  above  mentioned.  The 
waters  of  Cheltenham,  Llandrindod,  Moffat,  are  not  unfrequently  used; 
those  at  Brighton,  Buxton,  Gilsland  (Cumberland),  Hastings,  Malton 
(Yorks),  Scarborough,  Whitby,  only  rarely.  On  the  Continent  and  in 
the  United  States,  too,  chalybeate  springs  abound ;  in  addition  to  those 
previously  named  may  be  mentioned  the  waters  at  Antogast,  Freirsbach, 
Griesbach,  and  Paterstahl  in  the  Black  Forest ;  St.  Moritz  in  Switzerland, 
Booklet  in  Bavaria,  Elster  in  Saxony,  Driburg  in  Westphalia,  Bedford 
Alum  Springs  in  Virginia,  U.S.A. ;  Adirondack  Springs  in  New  York,  U.S.A. 
Forty  or  fifty  other  places  might  be  named,  and  the  list  would  not  then  be 
complete. 

Pharmacology  and  therapeutics.  —  Some  years  ago  many 
pharmacologists  were  led  to  accept  the  view  that  iron  in  the  form  of  organic 
or  inorganic  salts  is  not  absorbed  by  the  gastro-intestinal  canal,  but  only 
acts  by  conserving  the  iron  taken  in  organised  compounds  or  by  improv- 
ing the  condition  of  the  gastro-intestinal  mucous  membrane.  It  followed 
from  this  that  chalybeate  waters  do  not  cure  anaemia  by  directly  increas- 
ing the  amount  of  iron  contained  in  the  blood,  and  it  has  been  held  that 
the  improvement  in  health  of  anaemic  patients  resorting  to  chalybeate 
spas  is  not  due  to  the  ingestion  of  the  water,  but  to  the  improved  conditions 
of  living  and  especially  to  the  effects  of  the  tone-giving  localities  in  which 
the  iron  springs  are  situated.  It  has  been  shown,  however,  by  Stockman, 
Macallum,  Hall,  and  others,  that  absorption  of  iron  does  take  place  when 
organic  and  inorganic  salts  are  given ;  and  whilst  there  can  be  no  doubt 
that  under  bracing  air  and  improved  diet  patients  may  recover  from  aneernia, 
there  seems  now  little  room  for  doubt  that  the  iron  contained  in  mineral 
waters  can  play  a  direct  part  in  its  cure.  The  form  in  which  iron  can  best 
be  absorbed  has  not  yet  been  determined,  but  it  is  generally  thought 
that  the  carbonate  of  iron  preparations  are  more  easily  borne  and  ab- 
sorbed than  the  compounds  of  iron  with  mineral  acids.  In  most  of 
the  strong  iron  waters  there  are  other  ingredients  which  may  influence 
both  the  absorption  and  therapeutic  effects  of  the  iron  salts  contained 
in  them. 

Description  of  the  Chalybeate  Springs. 

HAEROGATE,  though  perhaps  best  known  for  its  sulphur  waters,  contains 
a  group  of  some  of  the  richest  iron  springs  in  Europe.  The  place  itself  is 
well  adapted  to  the  treatment  of  patients  suffering  from  ailments  requir- 
ing iron,  because  it  is  situated  on  a  high  open  plateau  about  400  to  500  ft. 
above  the  sea,  and  is  dry  and  bracing.  The  rainfall  is  not  large  (28  in.), 
and  as  the  greater  part  of  the  town  is  on  millstone  grit,  the  ground  dries 
rapidly. 

There  are,  as  will  be  seen  from  the  table,  three  kinds  of  iron  waters  at 
Harrogate.  The  Kissingen  spring  is  the  type  of  the  bicarbonate  waters, 
and  contains,  like  the  waters  at  Kissingen  in  Bavaria,  sodium  chloride  as 
well  as  iron.  But  the  quantity  of  sodium  chloride  (84  grs.  per  pint)  is 
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greater  than  in  any  of  the  springs  of  Kissingen  itself,  and  the  amount  o: 
iron  is  much  larger.  On  the  other  hand,  the  Harrogate  Kissingen  water 
contains  a  little  carbonate  and  sulphate  of  lime,  and  the  excess  of  carbonic 
acid  which  characterises  Bavarian  waters  is  wanting  in  that  of  Harrogate. 
It  likewise  contains  a  minute  amount  of  barium  salts.  Owing  to  the 
chloride  it  contains,  the  Harrogate  Kissingen  water  is  slightly  aperient. 
In  another  carbonate  of  iron  well — the  Alexandra  well — there  is  only 
about  half  the  quantity  of  iron  and  one-third  of  the  chloride  of  sodium 
contained  in  the  Kissingen,  whilst  the  Muspratt  spring,  slightly  richer  in 
iron  than  the  Alexandra,  is  only  feebly  saline.  There  are  in  addition 
several  so-called  "  pure  chalybeate "  springs,  the  waters  of  which  are 
comparatively  free  from  saline  ingredients,  even  sodium  chloride,  and  have 
in  them  only  a  very  small  amount  of  iron  carbonate,  015  to  0'2  gr.  Such, 
for  example,  are  the  pure  chalybeate  at  the  Eoyal  Pump  Eoom,  the  Tewitt 
Well,  and  the  Johns  Well.  But  the  "  pure  chalybeates  " — those  in  which 
the  iron  is  not  associated  with  a  considerable  amount  of  saline  ingredients — 
are  weaker  in  iron  than  several  of  the  continental  waters  belonging  to  the 
same  class,  such  as  those  at  Schwalbach  and  Spa. 

The  chloride  of  iron  spring  is  richer  in  iron  than  any  of  the  wells  in 
Europe,  save  those  in  which  the  iron  exists  in  the  form  of  sulphate.  It 
contains  a  moderate  amount  of  sodium  bicarbonate,  but  more  calcium 
chloride  than  any  of  the  other  waters.  As  already  pointed  out,  the  chloride 
of  iron  water  is  notable  for  containing  from  three-fifths  to  four-fifths  of  a 
grain  of  barium  chloride  in  each  pint. 

In  waters  containing  ferrous  sulphate,  the  iron  salt  is  always  found  in 
conjunction  with  the  alum  sulphate.  This  is  the  case  with  the  alum  well 
situated  in  what  are  called  the  bogfields  in  lower  Harrogate.  Like  the 
other  sulphated  waters,  it  is  extremely  rich  in  iron. 

The  chalybeate  waters  of  Harrogate  are  much  resorted  to  in  cases  of 
anaemia  and  debility,  and  in  convalescence  in  various  ailments.  Cases 
of  struma  and  albuminuria  are  at  times  benefited  by  them.  In  the  debility 
accompanying  a  nervous  breakdown  they  are  often  beneficial,  but  in  excited 
conditions,  especially  with  insomnia  or  where  the  tension  is  high,  they  may 
be  harmful.  In  the  stronger  chalybeate  waters  of  Harrogate  the  influence 
of  chloride  of  sodium  on  the  tissues  is  added  to  that  of  the  iron  on  the 
haemoglobin,  but  the  absence  of  carbonic  acid  and  the  presence  of  a  larger 
amount  of  lime  salts  may  possibly  render  the  strong  chalybeate  waters 
of  Harrogate  less  easily  borne  than  some  of  the  iron  waters  in  France  and 
Germany ;  the  weaker  iron  waters  of  Harrogate  are  well  tolerated  by  the 
stomach. 

TUNBRIDGE  WELLS. — This  place  is  highly  valued  as  a  place  of  residence, 
and  is  much  resorted  to  by  invalids  for  its  bracing  air,  but  its  waters  are 
less  used  than  formerly,  only  containing  a  little  more  than  half  a  grain  of 
ferrous  carbonate  per  pint,  and  are  much  weaker  than  some  of  the  Harro- 
gate iron  waters.  On  the  other  hand,  there  is  comparatively  little  lime 
present,  and  the  waters,  being  well  borne  by  the  stomach,  can  be  taken  in 
large  quantities.  Cases  of  anrcmia  and  debility  resort  to  Tunbridge  Wells, 
but  more  for  the  air  than  for  the  waters.  The  Tunbridge  Wells  water  is 
not  used  for  bathing  purposes. 

SCHWALBACH,  in  the  valley  of  the  Ahr,  is  the  most  popular  of  the 
German  chalybeate  springs.  It  is  a  bracing  place,  and  very  accessible 
to  English-speaking  people,  by  whom  it  is  much  frequented.  All  the 
springs  are  cold,  and  they  differ  considerably  in  strength.  One,  the  Eosen- 
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brunnen,  contains  about  a  grain  of  iron  in  each  pint,  whilst  several  of  the 
springs  are  weaker  than  the  Stahlbrunnen.  The  saline  ingredients  are 
small  in  amount,  and  consist  chiefly  of  the  bicarbonates  of  calcium  and 
magnesium.  The  large  amount  of  free  carbonic  acid  present  renders  the 
waters  very  palatable. 

Schwalbach  is  frequented  by  the  anaemic  and  the  chlorotic ;  by  those 
who  are  debilitated  from  many  forms  of  disease,  and  by  convalescents. 
The  water  is  largely  used  for  bathing  purposes,  the  free  carbonic  acid, 
which  is  as  far  as  possible  preserved  during  the  heating  of  the  water,  acting 
as  a  stimulant  to  the  skin.  Peat  baths  are  largely  given,  and  the  place  is 
well  furnished  with  all  bath  accessories. 

SPA,  in  Belgium,  is  one  of  the  most  noted  of  the  continental  waters. 
It  is  pleasantly  situated  about  1000  ft.  above  the  sea,  and  the  waters 
resemble  much  those  of  Schwalbach,  but  the  quantity  of  iron  contained  is 
rather  less.  As  is  the  case  with  the  waters  of  Schwalbach,  the  presence  of 
free  carbonic  acid  and  the  absence  of  earthy  ingredients  leads  to  the  water 
being  well  borne,  and  large  quantities  of  it,  20  oz.  to  30  oz.  daily,  are  taken. 

The  cases  most  frequently  seen  at  Spa  are  the  sufferers  from  chlorosis 
and  anaemia,  and  it  is  said  that  the  dyspepsia  which  not  unfrequently 
accompanies  an  anaemic  condition  is  benefited  by  the  waters.  There  is  a 
very  complete  bathing  station  at  Spa,  and  many  patients  suffering  from 
rheumatism  and  neuralgia  resort  to  this  place. 

PYRMONT,  in  Germany,  is  in  a  beautiful  valley,  and  has  several  kinds  of 
iron  waters,  all  richly  charged  with  carbonic  acid.  Two  of  them,  Trink- 
quelle  and  Brodelbrunnen,  are  fairly  rich  in  iron,  but  contain  a  considerable 
quantity  of  carbonate  and  sulphate  of  calcuim.  In  the  richest  chalybeate, 
the  Neubrunnen,  there  is  1  gr.  of  carbonate  of  iron  and  9  grs.  of  carbonate 
of  lime  with  very  small  amounts  of  sodium  and  magnesium  sulphate.  Two 
of  the  wells  contain  a  large  amount  of  chloride  of  sodium,  but  very  little  iron. 

The  waters  of  Pyrmont  are  used  like  those  of  Schwalbach  and  Spa  in  the 
treatment  of  anaemia  and  debility,  and  cases  of  scrofula  also  resort  here. 
The  baths  are  largely  used,  and  there  are  good  bathing  arrangements. 

EIPPOLDSAU,  in  the  Black  Forest,  at  the  base  of  the  Kniebis  Mountain, 
is  a  pleasant  bracing  place  in  an  open  situation,  but,  as  might  be  expected 
from  its  height,  the  rainfall  is  somewhat  heavy.  It  is  chiefly  resorted  to 
by  the  anaemic  and  those  who  require  a  bracing  air ;  but  some  patients 
suffering  from  pulmonary  ailments  are  attracted  to  it  owing  to  the  pine 
forests  which  surround  it.  The  springs  are  richly  charged  with  carbonic 
acid,  and  the  presence  of  a  considerable  amount  of  calcium  bicarbonate,  as 
well  as  iron,  is  worthy  of  note.  June,  July,  August,  and  the  first  part  of 
September  are  the  best  months  for  Rlppoldsau. 

ST.  MOEITZ,  in  the  Engadine,  is  better  known  as  a  climatic  station  than 
as  a  bath.  It  has  several  iron  springs,  of  which  the  one  named  in  the 
table  is  the  strongest.  Many  forms  of  nervous  breakdown  are  benefited 
by  the  air  and  water  of  St.  Moritz,  but  the  former  is  the  chief  agent  in  the 
cure.  Visitors  are  found  here  all  the  year  round. 

TARASP,  in  Switzerland,  is  not  commonly  visited  by  English-speaking 
people  on  account  of  its  iron  waters,  which  are  comparatively  weak  so  far 
as  the  iron  is  concerned,  but  contain  a  large  amount  of  calcium  bicarbonate 
and  more  bicarbonate  of  sodium  than  is  usually  found  in  iron  waters.  Like 
the  waters  of  St.  Moritz,  they  are  rendered  pleasant  by  the  carbonic  acid 
they  contain.  At  Tarasp  the  season  is  short,  beginning  in  June  and 
ending  by  the  middle  of  September. 
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TREFIUW,  on  the  Con  way,  about  ten  miles  from  the  town  of  Con  way, 
has  cold  springs  rich  in  sulphate  of  iron,  but  containing  too  much  sulphate 
of  aluminium  and  small  quantities  of  the  sulphates  of  calcium,  magnesium 
and  sodium,  but  no  free  carbonic  acid.  There  are  somewhat  primitive 
bath-rooms  and  a  pump-room. 

The  air  of  Trefriw  is  pleasant  and  bracing  in  summer,  and  the  climate 
being  mild  in  the  winter,  visitors  are  received  throughout  the  year.  The 
waters  are  chiefly  of  service  in  anaemia  and  debility,  but  are  also  given  in 
conditions  of  nervous  exhaustion  and  a  variety  of  other  ailments.  As  the 
quantity  of  iron  contained  is  very  large,  the  dose  of  the  water  is  very 
small.  It  might  be  thought  that  the  sulphates  of  aluminium  and  iron  would 
produce  stomach  discomforts  and  cause  the  water  to  disagree  with  patients, 
but  it  does  not  seem  to  have  this  effect  markedly,  and  in  many  instances 
it  is  well  borne  even  by  dyspeptic  patients. 

FLITWICK  SPRING,  in  Bedfordshire,  contains  some  peaty  constituents 
as  well  as  a  large  amount  of  persulphate  of  iron.  In  consequence  it 
is  of  a  yellow-brown  colour.  It  is  bottled  for  use  in  anremia  and 
chlorosis. 

SULPHUR  WATERS. 

Waters  containing  hydrogen  sulphide,  or  alkaline  or  earthy  sulphides, 
are  included  under  this  heading.  In  some,  hydrogen  sulphide  is  the 
only  or  the  leading  sulphur  compound  present ;  in  others,  the  alkaline  or 
earthy  sulphides  predominate.  All  the  English  sulphur  waters  and  a 
few  of  those  on  the  Continent  are  cold.  Many  of  the  sulphur  waters, 
Harrogate  especially,  are  rich  in  other  saline  ingredients.  Organic 
matter  in  some  of  the  waters  unites  with  the  sulphur  to  produce  a  glairy 
material,  known  as  glairine  and  baregine,  on  which  much  store  was  set  in 
former  days. 

The  Chief  Sulplmr  Waters. 


Sulphides  in 
grs.  per 
pint. 

SH2  in  Cubic 
inches  per 
gallon. 

Other  Constituents  in  grains 
per  pint. 

Cold— 

Harrogate  (Old  Sulphur)         , 

0-7 

10-2 

Calcium  chloride,  5  ;  mag- 

nesium chloride,  5  ;  sodi- 

um chloride,  112  ;  barium 

chloride,  0'8. 

,,            (Strong  Sulphur) 

1-8 

Calcium  chloride,  10  ;  mag- 

nesium chloride,  5  ;  sodium 

chloride,  103. 

Llandrindod  (Old  Sulphur  Spring)  . 

2-62 

Calcium  chloride,  6  ;  sodium 

chloride,  20. 

Strathpeffer  (Strong  Well)      . 

0-21 

11-26 

Calcium  sulphate,  6. 

Challes  .         

4'5 

Sodium  iodide,  0'08;  traces 

sodium  bromide. 

Nenndorf       .         .      :  i  •_'  t&M  .. 

0-5 

13 

Calcium  sulphate,    8  ;    cal- 

cium chloride,  5  ;  carbonic 

Warm,  — 

acid. 

Aix  les  Bains          .         . 

7'3 

Small    amount    of  calcium 

carbonate  and  calcium  sul- 

phate. 

Aix  la  Chapelle      .... 

0-09 

Chloride  of  sodium,  25  ;  car- 

bonate of  sodium,  6. 

Luchon  .         .         .         . 

07 

Cauterets        ..... 

0-2 
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Other  Sulphur  Waters. — Waters  containing  a  small  amount  of  sulphur 
compounds  are  met  with  at  many  other  places  in  Great  Britain  and 
Ireland,  as  for  example  Askern  (Yorkshire),  Builth  (Brecknockshire), 
Croft  (Yorkshire),  Llanwrtyd  (Brecknockshire),  Lisdoonvarna  (Co.  Clare, 
Ireland),  Lucan  (Co.  Kildare,  Ireland),  Moffat  (Scotland). 

On  the  Continent  and  in  America  there  are  numerous  cold  springs 
besides  those  above  mentioned.  Alvaneu  (Switzerland),  Heustrich  (Switzer- 
land), Kreuth  (Bavaria),  Weilbach  (Nassau),  Schinznach  (Switzerland), 
Clifton  (New  York,  U.S.A.),  Green  Briar  White  Sulphur  Springs  (New 
York,  U.S.A.),  Anderson  Sulphur  Springs  (California,  U.S.A.),  Avon 
Sulphur  Springs  (New  York,  U.S. A.). 

Of  hot  foreign  sulphur  baths  may  be  mentioned  Eaux  Bonnes,  Eaux 
Chaudes,  Saint  Sauveur  and  Bareges  (French  Pyrenees),  Uriage,  Grenoble 
(France),  Herculesbad  (Hungary),  Lavey  (Switzerland),  Helouan  (Egypt). 

Pharmacology. — External. — Sulphuretted  hydrogen  in  the  small 
amounts  contained  in  the  sulphur  waters  has  no  effect  upon  the  skin ;  and 
though  it  can  pass  through  the  skin,  it  is  not  likely  that  any  influence  will 
be  produced  by  the  small  quantity  absorbed.  The  sulphides,  when  applied 
to  the  skin,  are  capable  of  causing  great  irritation ;  but  very  dilute  solu- 
tions, such  as  the  sulphur  waters,  do  not  usually  give  evidence  of  any 
stimulant  effect  on  the  cutaneous  tissues,  though  cutaneous  eruptions  are 
described  as  occurring  when  the  baths  are  taken  at  too  high  a  temperature, 
or  when  they  are  too  frequently  used.  A  similar  effect,  however,  may 
occur  from  the  excessive  use  of  ordinary  water.  Atomised  inhalations  of 
waters  containing  the  alkaline  sulphides  seem  to  benefit  irritable  mucous 
membrane. 

Internal. — Though  sulphuretted  hydrogen  in  large  quantities  is  a  poison 
to  the  muscular  and  nervous  systems,  the  amount  taken  in  mr-ieral  waters 
is  not  sufficient  to  have  any  distinct  pharmacological  influence.  The 
alkaline  sulphides  present  possibly  have  some  effect,  for  they  are  gastro- 
intestinal irritants.  In  the  small  quantity  contained  in  the  sulphur  waters, 
they  are  in  part  decomposed  in  the  stomach  with  the  evolution  of  sulphuretted 
hydrogen;  but  it  is  quite  probable  that  when  large  quantities  of  water 
containing  them  are  taken,  a  certain  amount  of  undecomposed  sulphide 
enters  the  duodenum,  and  by  promoting  intestinal  secretion  and  increasing 
peristalsis,  leads  to  an  aperient  effect.  Some  of  the  sulphides  may  be 
absorbed,  some  may  pass  down  the  intestine  and  be  decomposed  by  the 
acid  contents  of  the  lower  parts  of  the  intestine,  sulphuretted  hydrogen 
being  set  free.  The  intestinal  secretions  of  people  who  take  the  stronger 
sulphur  waters  acquire  a  powerful  odour  of  sulphuretted  hydrogen.  The 
exact  pharmacological  influence  of  sulphur  compounds  in  their  passage 
towards  excretion  we  do  not  know.  The  quantity  absorbed  is  never 
sufficient  to  produce  that  effect  on  the  haemoglobin  which  follows  the 
admixture  of  sulphide  solutions  with  oxy haemoglobin,  nor  has  it  probably 
any  powerful  effect  in  depressing  the  nervous  and  muscular  systems ; 
nevertheless,  it  is  possible  that  some  nutritional  changes  may  be  produced, 
especially  in  those  parts  such  as  the  skin  and  the  bronchial  mucous 
membrane  where  elimination  of  the  sulphur  compounds  takes  place. 
There  are  no  satisfactory  investigations  proving  a  definite  effect  on 
metabolism. 

Therapeutics. — Sulphur  waters  are  given  internally  with  the  view 
of  stimulating  the  mucous  and  muscular  coats  of  the  intestinal  canal,  thus 
relieving  constipation  and  acting  on  the  liver ;  and  the  sulphur  waters  are 
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often  resorted  to  by  patients  suffering  from  gout  and  rheumatism  and  allied 
affections.  They  are  supposed  to  be  advantageous  in  some  forms  of  chronic 
metallic  poisoning,  especially  by  lead  and  mercury,  the  elimination  of  which 
they  are  said  to  hasten,  but  experimental  evidence  is  wanting.  They  are 
employed  in  the  form  of  sprays  and  inhalations  in  pharyngeal  and  bronchial 
troubles.  Internally  and  externally  they  are  employed  in  several  forms  of 
skin  diseases,  especially  in  chronic  eczema  and  psoriasis,  and  their  external 
application  is  said  to  bring  about  the  absorption  of  inflammatory  exuda- 
tion. It  is  probable,  however,  that  many  of  the  curative  effects  attributed 
to  the  sulphur  compounds  in  water  are  really  due  to  the  water  itself,  and 
to  the  saline  substances  with  which  the  sulphur  compounds  are  often 
conjoined. 

Description  of  the  Chief  Sulphur  Springs. 

HAKROGATE. — The  sulphur  waters  of  Harrogate  are  remarkable  for 
the  sulphur  present  in  them  being  chiefly  in  the  form  of  sodium  sulphide 
or  sulphydrate,  and  for  their  richness  in  saline  ingredients.  The  most 
potent  waters  are  the  Strong  Sulphur  Montpellier  and  the  Old  Sulphur 
Well,  Eoyal  Pump  Room ;  the  former  contains  more  sodium  sulphide  than 
any  European  water  except  Challes.  They  are  richer  in  sodium  chloride 
than  the  chief  Continental  sodium  chloride  waters ;  the  considerable 
amount  of  calcium  chloride  they  contain  is  worthy  of  note.  Another  well, 
known  as  the  New  or  Mild  Sulphur  at  the  Pump  Boom,  contains  slightly 
more  sulphydrate  than  the  Old  Sulphur,  but  only  about  two-thirds  of 
the  quantity  of  sodium  chloride;  whilst  the  so-called  Magnesia  Well  is 
extremely  poor  in  the  alkaline  sulphides,  and  has  only  27  grs.  per  pint  of 
sodium  chloride  and  a  grain  or  two  of  magnesium  carbonate.  Some  of  the 
waters  are  known  as  Pure  Sulphur  waters,  because  they  contain  only  a 
comparatively  small  quantity  of  salts ;  the  chief  of  these  is  at  Starbeck, 
about  two  miles  from  the  town.  These  waters  contain  a  very  little  alka- 
line sulphide,  only  about  0'2  grs.  in  20  oz. 

About  16  to  20  oz.  of  the  sulphur  waters  are  commonly  taken  daily,  and 
the  stronger  waters  at  least  contain  ingredients  which,  apart  from  the 
alkaline  sulphides,  are  likely  to  influence  nutritional  changes.  They  con- 
tain more  sodium  chloride  than  the  springs  of  Homburg,  Kreuznach,  or 
Kissingen.  Owing  to  this  and  to  the  presence  of  the  magnesium  chloride, 
a  distinct  aperient  effect  is  produced  by  them.  Calcium  is  present,  but  for 
the  most  part  in  the  form  of  chloride ;  in  this  combination  it  is  less  likely 
to  detract  from  the  value  of  the  water  than  if  it  were  combined  with 
sulphuric  acid,  and  it  may  indeed  add  to  the  medicinal  value  of  the 
water.  Only  in  one  of  the  wells — the  Old  Sulphur — is  the  barium  chloride 
present  in  quantity  likely  to  influence  the  therapeutic  effect  of  the  water. 
It  is  claimed  that  this  amount  does  exert  a  tonic  effect  on  the  heart  and 
vessels,  and  counteracts  the  depressing  influence  which  other  ingredients  of 
the  water  are  calculated  to  produce  on  the  circulation.  Oliver  states  that 
he  has  noted  rise  in  tension  follow  the  use  of  the  Old  Sulphur  water,  but 
not  that  of  the  Strong  Sulphur,  which  contains  no  barium  chloride.  The 
Mild  Sulphur  waters  are  diuretic. 

The  sulphur  waters  of  Harrogate  are  largely  used  when,  from  mode  of 
living  or  from  other  causes,  an  accumulation  of  waste  material  has  taken 
place.  They  are  beneficial,  when  from  prolonged  excess  of  food  and  stimu- 
lants, there  is  a  catarrhal  condition  of  the  gastro-intestinal  mucous  mem- 
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brane,  with  enlarged  liver,  urates  in  the  urine,  and  an  icteric  tint  of  the 
skin.  In  such  cases  the  waters  relieve  the  hepatic  condition  by  clearing 
out  the  upper  part  of  the  intestinal  canal.  The  waters  are  also  given  in 
many  forms  of  enlargement  of  the  liver  and  spleen,  and  are  said  to  be  useful 
in  malarial  enlargement.  Some  forms  of  chronic  catarrh  of  the  stomach 
benefit  by  the  waters,  which,  however,  are  contra-indicated  when  there  is 
dyspepsia  of  an  irritable  form.  Chronic  constipation  is  at  times  removed 
by  a  course  of  the  Strong  Sulphur  waters,  which  also  promote  diuresis. 

The  Harrogate  sulphur  waters  do  not,  according  to  the  experiments  of 
Bain  and  Edgecombe,  tend  to  increase  the  excretion  of  uric  acid,  neverthe- 
less they  are  found  of  service  in  gouty  conditions.  This  is  perhaps  to  some 
extent  due  to  their  intestinal  effect.  But  the  saline  element  and  the 
quantity  of  water  taken  probably  plays  an  important  part  in  modifying 
tissue  changes.  In  the  case  of  the  milder  waters,  too,  the  diuretic  effects 
may  be  one  cause  of  their  efficacy.  Chronic  rheumatic  affections  seem  at 
times  to  be  benefited  by  the  Strong  Sulphur  waters,  and,  like  other  chloride 
of  sodium  waters,  they  are  found  useful  in  scrofula. 

To  the  sulphur  waters  of  Harrogate  has  long  been 'accorded  a  consider- 
able power  in  the  cure  of  skin  diseases,  the  Old  Sulphur  well  and  some  of 
the  milder  sulphur  waters  being  specially  used  for  that  purpose.  Probably 
some  of  the  influence  they  exert  in  cases  of  eczema  and  psoriasis  is  due  to 
their  power  of  influencing  gouty  conditions.  The  waters  of  Harrogate  are 
largely  employed  for  bathing  purposes.  Containing  as  these  waters  do  a 
considerable  amount  of  alkaline  sulphides  and  saline  constituents,  it  may 
well  be  that  a  stimulant  effect  is  produced  on  the  cutaneous  tissues  which 
may  be  beneficial  in  various  ways.  In  chronic  eczema  and  psoriasis  the 
stronger  waters  are  often  diluted  before  use,  or  the  so-called  Pure  Sulphur 
water,  such  as  that  of  Starbeck,  is  employed.  In  addition  to  the  ailments 
already  mentioned,  the  Harrogate  sulphur  waters  are  used  in  metallic 
poisoning,  obesity,  and  many  other  conditions. 

STRATHPEFFER. — Here  there  are  weak  sulphur  waters  containing  a  very 
minute  amount  of  alkaline  sulphide,  but  much  sulphuretted  hydrogen. 
The  waters  are  weak  in  saline  ingredients,  the  dominant  constituents  being 
sulphate  of  calcium  and  sulphate  of  magnesium.  Strathpeffer  has  a  mild 
and  dry  climate,  and  is  surrounded  by  hills.  There  is  a  well-found  bathing 
establishment,  which  is  open  all  the  year,  but  May  to  the  end  of  October  is 
the  chief  season  for  visitors.  Gout  and  articular  rheumatism  are  the  chief 
ailments  dealt  with  here ;  occasionally,  patients  with  eczema  and  psoriasis 
resort  to  it. 

LLANDRINDOD. — There  are  at  Llandrindod  sulphuretted  saline  springs, 
which  contain  no  alkaline  sulphide,  but  a  little  sulphuretted  hydrogen  gas. 
One  of  the  waters  (the  Old  Sulphuretted  spring)  contains,  as  shown  in  the 
table,  a  considerable  quantity  of  sodium  chloride.  It  is  not  probable  that 
the  sulphur  in  these  waters  exerts  the  smallest  therapeutic  influence,  but 
the  saline  ingredients  act  beneficially  in  the  ailments  for  which  they  are 
given,  namely,  dyspepsia,  hypenemia,  and  early  cirrhosis  of  the  liver,  chronic 
constipation,  glycosuria,  obesity,  chronic  gout,  and  albuminuria.  The  fine 
bracing  air  of  Llandrindod  has  probably  much  to  do  with  the  advantages 
derived  from  a  sojourn  there. 

The   other   weak   sulphur   wells  in   Great    Britain   and    Ireland   are 
employed    for   much    the   same  purposes  as    those    of    Llandrindod   and 
Strathpeffer,  and  it  is  not  probable  that  the  sulphuretted  hydrogen  present 
in  any  of  them  has  any  therapeutic  influence. 
56 
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CHALLES. — At  Challes  near  Chambery  there  are  strong  cold  sulphur 
waters  which  are  used  for  sprays  and  inhalations  in  catarrh  of  the  throat 
and  pharynx,  and  in  chronic  bronchitis ;  they  are  also  given  in  scrofula. 
These  waters  are  supplied  for  internal  use  at  Aix  les  Bains,  and  are  largely 
bottled  and  exported. 

NENNDORF,  in  Prussia,  has  cold  sulphur  springs  which  contain  much 
sulphuretted  hydrogen.  The  season  is  between  May  and  September. 
The  springs  are  used  for  chronic  gout,  rheumatism,  cutaneous  affections, 
and  bronchial  catarrh. 

Aix  LES  BAINS. — The  warm  sulphur  waters  are  much  weaker  in  alkaline 
sulphides  and  sulphuretted  hydrogen  than  the  waters  of  Harrogate  and 
Challes ;  and  it  seems  probable  that  the  efficacy  of  several  of  them  is  not 
connected  with  the  sulphur  compounds  contained. 

The  chief  wells  of  Aix  have  a  temperature  of  109°  to  112°  F.  They 
contain  some  organic  matter  known  as  glairine,  and  a  small  amount  of 
sulphuretted  hydrogen,  but  no  important  salts.  Aix  itself  has  a  warm 
uniform  climate,  but  can  hardly  be  called  bracing.  Its  waters  are  chiefly 
used  for  bathing,  and  the  renown  which  they  have  acquired  in  the  treatment 
of  chronic  gout  and  rheumatism,  neuralgia,  sciatica,  and  arthritic  pains  of 
various  kinds  are  largely  due  to  the  combination  of  massage  and  other 
accessories  to  treatment  with  the  use  of  the  water  itself.  In  the  so-called 
Aix  douche,  a  combination  of  douching  and  massage  is  used  with  great 
care,  and  this  is  specially  beneficial  in  stiff  joints  resulting  from  gout, 
rheumatism,  or  injuries.  Visits  for  treatment  may  be  paid  to  Aix  between 
April  and  November. 

Aix  LA  CHAPELLE,  or  Aachen,  as  it  is  called  by  the  Germans,  is  a  large 
town  on  the  way  from  Calais  to  Cologne.  The  waters  vary  in  temperature 
from  113°  to  133°  F.  They  contain  a  very  small  amount  of  sulphide  of 
sodium,  less  than  1  gr.  per  pint,  with  some  sulphuretted  hydrogen,  and 
about  20  grs.  of  sodium  chloride  and  5  grs.  of  sodium  bicarbonate  in  each 
pint.  They  may  be  looked  upon,  indeed,  as  weak  hot  saline  waters,  for  it 
is  not  probable  that  the  small  amount  of  sulphur  they  contain  enters  into 
their  curative  influence.  They  are  employed  in  catarrhal  conditions  of  the 
stomach,  and  as  inhalations  in  bronchial,  pharyngeal,  and  laryngeal  catarrh. 
They  are  also  taken  internally  and  used  externally  in  chronic  rheumatism 
and  gout,  and  occasionally  in  eczema  and  psoriasis.  But  the  celebrity  of 
Aix  la  Chapelle  as  a  bath  place  has  arisen  rather  from  the  cultivation 
of  accessory  curative  means  than  from  the  strength  of  the  waters 
themselves. 

A  variety  of  arrangements — douches,  massage,  vapour  baths,  and  other 
methods  of  treatment  —  have  been  established,  but  it  is  the  method  of 
treating  syphilis  by  the  endermic  use  of  mercury  which  has  brought  Aix 
la  Chapelle  the  greatest  reputation.  By  far  the  greater  proportion  of 
patients  resorting  there  suffer  from  syphilis.  The  baths  are  taken  at 
95°  F.  for  half  an  hour  to  prepare  the  skin  for  the  mercurial  inunction, 
which  plays  the  chief  part  in  the  treatment  of  patients  at  Aix  la  Chapelle. 
This  spa  is  open  all  the  year  round,  there  being  a  winter  season  between 
November  and  April,  as  well  as  a  summer  season.  English  patients  are 
very  numerous  at  Aix  la  Chapelle. 

BAGNERES  DE  LUCHON  is  the  type  of  the  French  Pyreniiean  baths.  Its 
springs  vary  in  temperature  from  60°  to  100°  F.  They  contain  sulphide  of 
sodium,  like  the  waters  of  Harrogate,  but  in  smaller  quantity ;  but  they 
differ  from  the  waters  of  Harrogate  in  not  being  accompanied  by  a 
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notable  quantity  of  other  saline  ingredients.  They  are  given  internally 
and  used  externally  in  gout  and  rheumatism,  scrofula,  and  skin  diseases, 
and  they  are  also  very  largely  used  in  the  form  of  sprays  and  gargles  in 
affections  of  the  mucous  membrane  of  the  throat  and  nose.  Sprays  are 
also  used  in  bronchial  affections. 

Though  the  place  is  over  2000  ft.  above  the  sea  and  in  a  broad  valley, 
it  is  very  warm  in  summer.  In  the  spring  and  autumn  months,  however, 
cold  and  wet  prevail,  and  the  season  therefore  only  extends  from  the  middle 
of  June  to  the  middle  of  September. 

CAUTERETS. — The  waters  at  Cauterets,  EAUX  BONNES  and  EAUX  CHAUDES, 
are  somewhat  similar  to  those  of  Luchon,  containing  as  their  chief  con- 
stituent, sodium  sulphide.  They  are  employed  for  much  the  same  purposes 
as  those  of  Luchon.  Cauterets  is  the  highest  of  all,  and  is  beautifully 
situated  3200  ft.  above  the  sea.  One  of  its  wells  is  specially  used  for  the 
treatment  of  dyspepsia. 

Eaux  Bonnes  and  Eaux  Chaudes  are  small  places,  the  latter  being  in  a 
somewhat  romantic  situation ;  they  are  not  very  largely  resorted  to  by 
English-speaking  people.  Pharyngeal,  laryngeal,  and  bronchial  affections 
are  treated  by  sprays  and  gargles  at  all  these  places. 

Not  far  from  Cauterets  is  BAREGES,  the  waters  of  which  resemble  the 
other  Pyrennean  waters,  except  that  they  contain  an  organic  substance 
which  forms  a  scum  on  the  surface — Baregine.  These  waters  have  a  great 
reputation  for  the  cure  of  old  wounds,  cicatrices,  and  stiff  joints. 

BADEN,  in  Switzerland,  has  an  abundance  of  very  hot  waters,  smelling 
slightly  of  sulphuretted  hydrogen,  and  containing  a  small  quantity  of  the 
chlorides  of  sodium  and  calcium.  It  is  chiefly  used  for  bathing,  in  rheu- 
matic and  painful  affections  of  the  muscles ;  it  is  not  usually  taken  internally. 
Save  for  the  slight  amount  of  sulphuretted  hydrogen  which  it  contains,  it 
would  be  included  in  the  indifferent  waters. 

ARSENICAL  WATERS. 

The  marked  effects  which  arsenious  acid  produces,  especially  on  the 
skin,  have  led  to  great  importance  being  attributed  to  its  presence  in 
mineral  waters.  Traces  are  found  in  many  waters,  but  it  is  not  probable 
that  less  than  T^g-  gr.  of  arsenious  acid,  or  one  of  its  compounds,  in  each 
pint  of  mineral  water,  can  be  any  use.  The  only  well-known  waters  which 
contain  this  amount  are  Eoncegno  and  Levico  in  South  Tyrol,  and  La 
Bourboule  in  the  Puy  de  Dome.  A  smaller  amount  is  found  in  the  waters 
at  Eoyat,  Mont  Dore,  and  very  minute  quantities  in  those  of  Baden  Baden, 
Vals,  Vichy,  and  several  other  well-known  waters.  At  Cudowa  (Silesia) 
and  Bussang  (France)  there  are  waters  containing  a  minute  quantity  of 
arsenate  of  iron,  whilst  at  Sylvanes  (France)  there  is  a  spring  containing 
more  than  3-^  gr.  of  arsenates  of  iron  and  magnesium.  No  natural  waters 
are  known  to  contain  the  salts  of  cacodylic  acid  (dimethyl-arsenic  acid), 
which  are  said  to  be  better  tolerated  than  other  arsenium  compounds. 

Description  of  the  Chief  Arsenical  Springs. 

EONCEGNO,  where  the  strongest  arsenical  waters  are  found,  has  arrange- 
ments both  for  drinking  and  bathing.  As  a  pint  of  the  water  contains 
above  4-  gr.  of  arsenious  acid  (0'58  gr.),  with  20  grs.  of  ferric  and  ferrous 
sulphate,  10  grs.  of  aluminium  sulphate,  and  a  small  amount  (0'2  gr.)  of 
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sulphate  of  copper,  the  quantity  taken  by  invalids  is  only  from  .V  oz.  to  "2  ox. 
daily.  Patients  visit  Roncegno  between  May  and  October,  chiefly  for  the 
cure  of  cutaneous  ailments  and  anaemia. 

LEVICO  has  waters  somewhat  resembling  those  of  Roncegno,  but  con- 
taining less  arseuious  acid  and  aluminium  sulphate  (O'OTS  grs.  and  5  grs. 
per  pint),  but  more  sulphate  of  iron  (44  grs.)  and  sulphate  of  copper  (4  grs.). 
The  place  is  more  pleasantly  situated  than  Roncegno,  and  there  are 
excellent  baths.  There  are  wells  here  which  yield  weaker  waters  containing 
only  O'OOS  grs.  of  arsenious  acid  and  O6  grs.  of  iron  sulphates — these  are 
often  used  before  the  strong  ones  are  employed.  Both  the  strong  and  weak 
waters  of  Levico  are  bottled  and  widely  exported.  They  are  used  in 
anaemia,  cutaneous  diseases,  neuralgias,  and  also  the  other  ailments  for 
which  arsenic  and  iron  are  found  to  be  beneficial.  Patients  visit  this  place 
between  May  and  October. 

LA  BOURBOULE,  in  the  Auvergne,  has  hot  springs  (130°  F.)  containing 
arsenic,  but  the  waters  differ  entirely  from  those  of  Levico  and  Roncegno. 
One  of  the  springs  (Perriere)  contains  an  amount  of  arsenate  of  sodium 
equivalent  to  0'09  grs.  of  arsenious  acid  with  25  grs.  of  sodium  chloride 
and  the  same  amount  of  bicarbonate  of  sodium  in  a  pint.  There  are  also 
cold  springs  at  La  Bourboule  which  are  weaker  than  the  hot  springs. 

La  Bourboule  has  waters  somewhat  like  those  of  Royat,  but  hotter,  and 
containing  more  sodium  chloride  and  bicarbonate.  It  is  largely  resorted  to 
by  patients  suffering  from  stomach  ailments  and  skin  diseases.  It  is  also 
visited  by  rheumatic  and  gouty  subjects,  and  its  waters  are  considered  of 
value  in  the  treatment  of  neuralgia,  asthma,  diabetes,  and  alburninuria.  It 
may  be  visited  between  the  end  of  May  and  the  beginning  of  October. 

INDIFFERENT  WATERS. 

The  term  "  indifferent "  is  applied  to  springs  the  waters  of  which  are 
warm  or  hot,  and  contain  so  small  an  amount  of  saline  matter  that  it  is 
doubtful  whether  it  can  exercise  any  therapeutic  influence.  Their  effects 
are  probably  due  to  the  water  and  the  raised  temperature  alone,  but  some 
with  large  experience  of  their  use  assert  that  the  curative  influence  of  the 
natural  hot  waters  differs  in  some  way  from  that  of  ordinary  water  made 
hot.  Some  of  the  indifferent  waters  contain  a  considerable  quantity  of 
nitrogen,  and  in  recent  years  it  has  been  found  that  argon  is  present  in 
several,  e.g.  Buxton  and  Wildbad ;  the  gas  helium,  too,  has  been  found  in 
the  waters  of  Buxton  and  Bath.  The  presence  of  nitrogen,  and  even  of 
helium  and  argon,  has  been  suggested  as  a  cause  of  therapeutic  power,  but 
no  evidence  has  been  produced  that  these  inert  elements  have  any  pharma- 
cological action.  A  special  electrical  condition  has  been  supposed  as  a 
cause  in  one  case  (Gastein),  and  Glax  has  suggested  that  it  is  the  constant 
temperature  of  the  thermal  waters  which  gives  them  an  advantage.  At 
present  we  can  only  say  that  if  the  indifferent  waters  have  any  special 
curative  advantage,  the  causes  thereof  have  not  been  discovered. 

It  will  be  noted  from  the  annexed  table  that  almost  all  the  indifferent 
baths  are  situated  at  a  considerable  height,  and  climatic  influence  and 
geological  formation  undoubtedly  play  a  considerable  part  in  the  benefits 
which  are  derived  from  them.  The  number  of  places  at  which  the  in- 
different waters  are  met  with  is  very  great,  and  in  the  annexed  table  only 
a  few  of  the  more  important  ones  are  mentioned. 
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The  Chief  Indifferent   Waters. 


Height  in  feet. 

Temperature  of  water,  F. 

Bath  . 

100 

104"-120° 

Buxton 

1000 

82° 

Matlock 

68° 

Wildbail      . 

1323 

91°'5-105°-5 

Ragatz 

1700 

89°-93° 

Gastein 

3310 

78°-121° 

Teplitz 

730 

•83°-114° 

Schlangenbad 

900 

81°'5-89° 

Badenweiler 

1425 

79° 

Plombieres  . 

1300 

77°-155° 

Bromio 

4620 

91°-102° 

Leukerbad  . 

4600 

102°-124° 

Other  Indifferent   Waters. 

Hammam  R'irha  (Algiers),  Warmbrunn  (Silesia),  Voeslau  (Austria),  Johannis- 
bad  (Bohemia),  Romerbad  (Styria),  Tuffer  (Styria),  Tobelbad  (Styria),  Xeuhaus 
(Styria),  Wiesenbad  (Saxony),  Neris  (France),  Chaudes  Aigues  (France),  Dax 
(France),  Ussat  (France),  Battaglia  (Italy),  Monsummano  (Italy),  Valdieri  (Italy), 
Ischia  (Italy),  Hot  Springs  (Arkansas  U.S.A.),  Hot  Springs  (North  Carolina, 
U.S.A.). 

The  indifferent  waters  are  more  commonly  used  for  baths  (see  p.  890) 
than  for  internal  administration.  When  used  as  baths,  they  are  of  service 
— (1)  For  calming  irritable  conditions  of  the  nervous  system,  relieving 
neuralgic  sciatica  and  allied  pains,  and  removing  hypenesthetic  conditions. 
The  warm  water  probably  has  a  sedative  influence  on  the  cutaneous  nerve, 
endings.  (2)  For  the  relief  of  chronic,  gouty,  and  rheumatic  troubles  and 
rheumatoid  arthritis.  Here,  too,  the  chief  effect  is  probably  due  to  the 
sedative  influence  of  the  warm  water,  though  an  effect  on  excretion  of  uric 
acid  is  said  to  be  produced.  (3)  For  restoring  muscular  power.  When  em- 
ployed for  this  purpose,  douching  and  friction  are  commonly  conjoined  with 
the  use  of  the  water.  (4)  For  causing  the  absorption  of  inflammatory  pro- 
ducts, such  as  those  left  after  injuries  and  internal  inflammation,  e.g. 
pelvic  cellulitis.  It  is  supposed  that  nutritional  changes  may  be  due  to  the 
cutaneous  effects  of  the  waters.  (5)  In  some  cutaneous  diseases,  such  as 
chronic  eczema.  When  given  internally,  the  indifferent  waters  are  usually 


886  MINERAL   WATERS. 

considered  to  have  the  same  influence  as  ordinary  water,  though  for  certain 
of  them  a  power  of  affecting  the  excretion  of  uric  acid  has  been  claimed. 

Description  of  the  Chief  Indifferent  Springs. 

BUXTON  is  nearly  1000  ft.  above  the  sea,  and  therefore  a  1  tracing 
place.  It  is  dry,  too,  notwithstanding  the  annual  rainfall  is  large,  for  it 
stands  on  limestone.  The  waters  of  Buxton  are  tepid,  and  contain 
as  their  chief  saline  ingredients  rather  less  than  2  grs.  of  calcium 
bicarbonate  and  f  gr.  of  magnesium  carbonate  per  pint.  They  contain 
a  small  amount  of  carbonic  acid,  and  each  gallon  contains  6  cubic  in.  of 
nitrogen. 

According  to  the  observations  of  Armstrong,  the  excretion  of  uric 
acid  is  increased  by  both  the  external  and  internal  use  of  the  Buxton 
waters,  especially  by  the  former,  and  they  are  found  of  much  service  in  the 
treatment  of  gout,  rheumatism,  and  the  gouty  and  rheumatic  forms  of 
rheumatoid  arthritis.  There  is  an  excellent  system  of  baths  at  Buxton, 
with  arrangements  for  artificially  heating  the  water  when  necessary,  and 
there  are  good  opportunities  for  the  employment  of  the  many  accessories 
to  bath  treatment,  such  as  a  very  complete  system  of  electric  baths, 
apparatus  for  treatment  by  superheated  air  and  massage  of  various  kinds. 
The  Nauheim  treatment  of  heart  disease  has  been  introduced,  and  there  are 
opportunities  for  carrying  out  the  terrain  cure  of  Oertel. 

The  season  is  from  May  to  September,  but  the  baths  are  open  all  the 
year  round.  There  is  a  large  residential  population  in  Buxton,  for,  though 
the  weather  in  winter  and  spring  is  sometimes  cold  and  wet,  the  air  is 
bright  and  clear. 

BATH  is  not  a  bracing  place,  but  the  climate  is  mild  in  spring  and 
autumn,  and  comparatively  so  in  winter,  for  Bath  is  well  protected  by  sur- 
rounding high  land.  The  baths  are  in  the  centre  of  the  town.  The  waters 
of  Bath  are  much  hotter  than  those  of  Buxton,  and  those  of  some  of  the 
springs  have  to  be  cooled  before  being  used.  They  are  not  only 
much  hotter,  but  considerably  richer  in  saline  ingredients  than  those 
of  Buxton,  containing  nearly  12  grs.  in  each  pint  of  sulphate  of  calcium, 
with  a  little  chloride  of  magnesium,  minute  quantities  of  sodium  and 
potassium  sulphates  and  chloride  of  sodium,  and  traces  of  iron  and 
arsenic. 

The  Bath  waters  are  chiefly  used  externally,  and  there  is  here  splendid 
accommodation,  with  everything  that  could  be  desired  in  the  way  of 
accessories  to  bath  treatment.  There  are  special  arrangements  for  carry- 
ing out  the  so-called  Aix  Douche.  Bath  is  largely  resorted  to  in  cases  of 
gout,  rheumatism,  and  painful  affections  of  the  nervous  system,  and  sufferers 
from  chronic  skin  affections  sometimes  find  the  waters  useful.  Nauheim 
treatment  has  also  been  introduced  here. 

The  waters  are  sometimes  taken  internally,  especially  in  the 
form  of  Sulis  water,  which  consists  of  Bath  water  aerated  with  carbonic 
acid. 

There  are  two  or  three  other  springs  in  England  containing  small 
quantities  of  saline  ingredients,  the  temperature  of  which  is  slightly  raised, 
as  at  Matlock,  Clifton,  and  Malton.  But  the  waters  of  the  two  latter  places 
are  hardly  ever  used,  whilst  those  of  Matlock  are  chiefly  employed  as 
baths. 

GASTEIN,  in  Austria,  is  the  most  important  of  the  Continental  indiffer- 
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ent  baths,  and  there  are  here  a  large  number  of  springs,  varying  in 
temperature,  some  of  which  rise  in  jets  above  the  ground.  The  small 
amount  of  solid  ingredients  dissolved  in  the  Gastein  water  consists  chiefly 
of  sodium  sulphate.  Gastein  owes  its  popularity  largely  to  the  fact  that 
its  height  renders  it  a  bracing  place.  The  season  is  very  short,  July  and 
August  being  the  best  times  for  a  visit,  though  the  baths  are  open  between 
May  and  the  end  of  September. 

Cases  of  gout  and  rheumatism  are  sometimes  sent  here,  but  it  is  the 
special  resort  for  those  suffering  from  nervous  disorders,  such  as  hysteria, 
neurasthenia,  hypochondriasis,  and  allied  conditions.  It  cannot  be  reached 
from  London  under  forty  hours,  and  the  railway  does  not  approach  within 
twelve  miles  of  the  place. 

WILDBAD,  in  the  Black  Forest,  is  in  a  narrow  valley,  but  the  air  is 
bracing  and  useful  as  a  restorative.  The  season  commences  in  the  middle 
of  June,  and  ends,  so  far  as  English  visitors  are  concerned,  in  August, 
though  the  baths  are  open  later.  They  are  of  value  in  rheumatism  and 
gouty  affections,  and  are  employed  in  irritable  and  nervous  conditions,  in 
some  forms  of  skin  affections,  to  restore  the  function  of  weakened  limbs, 
and  to  remove  chronic  joint  pains  and  exudations.  The  sand  bath  is 
much  used  here. 

RAGATZ,  in  Switzerland,  has  itself  no  mineral  springs,  but  the  baths  are 
supplied  from  hot  springs  in  the  narrow  valley  of  Pfeffer,  about  four  miles 
distant.  At  Pfeffer  the  waters  have  a  temperature  of  93°-98°  F.,  but  by 
the  time  they  reach  Eagatz  through  the  wooden  pipes  which  convey  them, 
the  temperature  has  fallen  somewhat.  There  are  excellent  baths  at  Eagatz, 
and  opportunities  for  gymnastic  exercises.  The  place  itself  is  in  a  very 
open  situation,  but  not  high  enough  to  be  very  bracing.  The  waters  are 
used  for  much  the  same  purposes  as  those  of  Gastein  and  Wildbad.  It  is 
a  good  place  for  English  convalescents  between  May  and  October,  for  it  is 
cheerful  and  has  many  visitors  passing  through  it. 

TEPLITZ,  in  Bohemia,  has  slightly  alkaline  baths,  which  are  supposed 
to  have  a  sedative  influence  on  the  nervous  system.  It  has  a  reputation 
for  the  cure  of  old  wounds  and  stiffened  joints;  and  a  military 
hospital  has  been  established  here.  It  is  not  much  visited  by  English 
invalids. 

SCHLANGENBAD  is  a  quiet  place,  surrounded  by  forests,  and  only  a  short 
distance  from  Schwalbach,  with  tepid  waters.  The  place  is  pleasant  and 
fresh,  but  not  specially  bracing.  Schlangenbad  is  specially  adapted  as  a 
resting-place  for  the  nervous  and  convalescent.  There  are  good  bathing 
arrangements,  and  the  tepid  waters  exert  a  soothing  influence.  Uterine 
disturbances  are  often  treated  here ;  the  baths  are  also  used  for 
chronic  skin  affections,  and  seem  to  soften  the  epidermis  and  remove 
irritation. 

BADENWEILER,  in  the  Black  Forest,  is  in  an  open  situation,  though 
protected  by  mountain  ranges  at  some  distance  from  it.  Owing  to  its 
high  and  sheltered  position,  it  is  a  comparatively  warm  place,  though  the 
air  is  fresh.  The  climate  is  soothing,  and  cases  of  phthisis  in  early  stages 
may  with  advantage  be  sent  there.  The  waters  are  just  tepid,  and  they 
are  supposed  to  have  a  sedative  influence. 

PLOMBIERES,  in  France,  has  indifferent  waters,  which  are  used  between 
the  end  of  May  and  the  middle  of  October  in  chronic  rheumatic  and  gouty 
joint  affections,  and  are  also  taken  internally  for  the  relief  of  stomach 
troubles. 
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LEUKEKBAD,  at  the  foot  of  the  Gemmi  Pass,  has  waters  which  are  often 
included  in  the  earthy  group,  for  they  contain  13  grs.  per  pint  of  cal- 
cium sulphate.  They  have  a  temperature  of  100°  to  120°  F.,  and,  like  many 
other  indifferent  waters,  contain  much  free  nitrogen.  Cases  of  skin  disease, 
such  as  eczema  and  psoriasis,  are  dealt  with.  One  form  of  treatment  at 
Leukerbad  consists  in  keeping  the  patients,  suitably  clad,  in  the  water  at  a 
temperature  of  about  95°  F.  for  the  greater  part  of  the  day.  A  large  bath 
is  used,  which,  for  this  purpose,  is  common  to  both  sexes.  A  skin  eruption, 
with  slight  febrile  conditions,  sometimes  follows ;  the  waters  are  also  taken 
internally.  Leukerbad  is  chiefly  visited  in  July  and  August  and  the  first 
fortnight  in  September. 

BORMIO,  at  the  foot  of  the  Stelvio  Pass,  is  also  often  classed  amongst  the 
earthy  waters,  though  it  contains  only  half  the  quantity  of  calcium  sul- 
phate found  in  the  Bath  waters.  Cases  of  chronic  rheumatism  and  gout 
and  cutaneous  eruptions  are  treated  here,  but  English  visitors  are  not 
numerous. 

TABLE  WATERS. 

Many  springs  supply  waters  which  are  bottled  and  used  as  beverages, 
the  carbonic  acid  and  small  quantity  of  saline  constituents  they  contain 
rendering  them  more  agreeable  than  ordinary  water.  Some  have  merely  a 
local  use.  At  Marienbad,  Carlsbad,  Schlangenbad,  Tarasp,  Kippoldsau, 
and  other  spas,  there  are,  besides  the  active  mineral  waters,  others  con- 
taining very  little  saline  matter,  which  are  used  at  these  places  for  table 
waters.  But  many,  however,  are  largely  exported.  There  are  no  springs 
in  Great  Britain  or  Ireland  which  yield  waters  highly  charged  with  car- 
bonic acid.  The  Bath  water,  however,  is,  as  before  stated,  artificially 
charged  with  this  gas,  and  used  as  a  table  water ;  and  very  pure  water 
supplied  by  wells  at  Malvern  and  some  other  places  is  bottled  and  sold  as 
table  waters  without  charging  it  with  carbonic  acid. 

Of  the  important  table  waters,  some  contain,  in  addition  to  the  carbonic 
acid,  a  small  quantity  (3  to  10  grs.  per  pint)  of  sodium  bicarbonate,  such 
as  those  of  Apollinaris,  obtained  at  a  spring  at  Neuenahr,  and  those  of  St. 
Galmier,  Giesshubler,  Gerolstein,  Krondorf,  and  Johannis.  They  likewise 
contain  a  few  grains  of  sodium  chloride  and  calcium  or  magnesium  car- 
bonate, sometimes  both.  Of  the  table  waters  sodium  chloride  is  a  marked 
constituent ;  thus  Selters  or  Seltzer  water  contains  above  20  grs.  of  chloride 
of  sodium  and  only  about  12  grs.  of  bicarbonate  of  sodium  in  each  pint. 
Taunus  water  has  in  it  about  the  same  quantity  of  sodium  chloride,  12 
grs.  of  calcium  bicarbonate,  with  only  a  very  minute  amount  of  sodium 
bicarbonate. 

Rosbach  water  is  less  highly  neutralised,  containing  only  10  grs.  of 
sodium  chloride  and  3  grs.  of  calcium  bicarbonate,  and  no  sodium  bicar- 
bonate. Kronthal  water  contains  25  grs.  per  pint  of  sodium  chloride.  In 
Bellthal  water  carbonate  of  calcium  predominates,  there  being  5  grs.  of  this 
salt  and  2  grs.  of  bicarbonate  of  sodium  in  each  pint.  There  are  many 
other  table  waters,  and  in  addition  a  large  number  of  manufactured  mineral 
waters,  made  by  forcing  carbonic  acid  into  water  in  which  has  been  dis- 
solved some  saline  material,  such  as  bicarbonate  of  potassium  or  carbonate 
of  lithium.  These  do  not  require  notice  here.  The  small  amount  of  saline 
ingredients  present  in  table  waters  is  not  sufficient  to  confer  on  them  any 
therapeutic  action,  nevertheless  the  carbonic  acid  present  does  act  as  a 
temporary  stimulant  to  the  gastric  mucous  membrane,  and  when  these 
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waters  are  taken  with  food,  the  presence  of  this  gas  may  to  some  extent 
limit  evils  which  would  otherwise  arise  from  the  admixture  of  a  large 
quantity  of  water  with  food. 

GENERAL  AND  MEDICAL  TREATMENT  AT  BATHS. 

Attention  has  already  been  called  to  certain  forms  of  treatment  acces- 
sory to  the  use  of  mineral  waters,  but  in  addition  each  patient  requires 
general  and  sometimes  medicinal  treatment.  Diet,  rest,  and  fitting  ex- 
ercise are  important  adjuncts  to  treatment  at  spas.  The  removal  of  the 
excitement  and  irritation  incidental  to  active  life  plays  an  important  part 
in  their  curative  effects.  The  busy  idleness  of  life  at  a  spa  is  in  itself  con- 
ducive to  health. 

The  continuance  of  mental  irritation  may  go  far  to  antagonise  the 
good  effects  of  the  most  suitable  mineral  waters,  and  excessive  exercise 
may  prove  as  injurious  as  undue  quiescence.  A  diet  is  commonly  laid 
down  by  the  physicians  of  each  spa ;  this  is  especially  the  case  at  Carls- 
bad and  Kissingen,  but  at  all  it  is  important  that  evil  habits  con- 
nected with  eating  should  be  laid  aside.  The  heavy  morning  breakfast 
common  in  this  country  should  be  abolished,  and  the  midday  and  evening 
meals  more  equally  divided.  The  use  of  alcoholic  beverages  should  be  very 
limited.  The  clothing  should  be  suited  to  the  atmospheric  conditions. 
The  secretions  should  be  carefully  attended  to,  constipation  and  undue 
action  of  the  bowels  being  alike  avoided.  At  many  baths  the  water  is 
more  or  less  aperient,  but  this  is  not  so  in  the  case  of  the  indifferent,  the 
iron,  and  the  earthy  waters.  Commonly  some  aperient  water  is  imported 
wherever  the  water  of  the  place  is  devoid  of  any  tendency  to  act  on  the 
bowels ;  thus,  for  example,  Carlsbad  water  is  largely  used  at  Wildbad. 
Mercurial  and  the  stronger  saline  aperients  are  at  times  desirable  where  the 
aspect  and  feelings  of  the  patient  point  to  defective  biliary  discharge. 

Tonic  treatment  is  often  conjoined  at  baths  with  the  administration  of 
mineral  waters  which  have  not  in  themselves  a  strength-restoring  character. 
At  some  places,  as  Harrogate,  there  are  waters  which  promote  metabolism 
and  the  removal  of  waste  tissues  ;  and  waters,  too,  which,  owing  to  the  iron 
they  contain,  tend  to  the  nutrition  and  building  up  of  tissues.  The  same 
is  the  case  at  Homburg ;  and  it  is  common  for  the  patients  to  be  ordered 
courses,  first  of  the  saline,  and  then  of  the  iron  waters.  In  some  cases  iron 
waters  are  imported ;  thus,  for  example,  at  Kreuznach  the  waters  of  the 
neighbouring  bath  of  Brooklet  are  imported  for  use.  Tonics  to  the  heart 
and  nervous  system  have  at  times  to  be  given  as  adjuncts  to  bath  treatment. 
At  Nauheim,  digitalis  is  found  desirable  in  some  of  the  cardiac  cases, 
and  the  influence  of  the  indifferent  baths  on  nervous  ailments  has  often  to 
be  aided  by  nervine  tonics  and  sedatives. 

The  use  of  mineral  waters  in  no  way  excludes  or  limits  the  employ- 
ment of  ordinary  medicinal  treatment  and  the  use  of  ordinary  remedial 
agents.  The  active  principles  of  mineral  waters  are,  indeed,  ordinary 
medicinal  agents,  and  they  acquire  no  special  virtue  from  the  fact  that  they 
are  combined  under  the  earth's  surface  instead  of  in  the  medicine  bottle. 

D.   J.   LEECH. 

[Before  Professor  Leech  died,  he  had  completed  his  articles  on  the  Nitrites 
and  on  Mineral  Waters,  but  I  am  much  indebted  to  Dr.  R.  B.  Wild  for  having 
kindly  read  the  proofs. — EDITOR.] 
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BATHS. 

THE  most  important  factor  in  baths  is  their  temperature,  and  on  the  basis 
of  this  they  are  classified  as  indifferent,  cool,  and  warm.  A  bath,  the  tem- 
perature of  which  is  below  70°  F.,  is  commonly  called  a  cold  bath ;  if 
between  88°  and  98°  F.,  it  is,  accurately  speaking,  an  indifferent  bath — 
popularly  this  is  often  called  a  warm  bath;  whilst  one  intermediate 
between  warm  and  cold'  is  spoken  of  as  tepid.  Above  98°  becomes  a  hot 
bath ;  this  can  be  much  better  borne  if  its  temperature  is  gradually  raised, 
but  for  most  persons  anything  over  100°  F.  is  uncomfortable. 


INDIFFERENT  BATHS. 

An  indifferent  bath  is  one  in  which  a  healthy  person  feels  neither  hot 
nor  cold.  Because  water  conducts  heat  better  than  air,  the  indifferent 
temperature  of  the  windless  air  for  a  naked  person  is  from  67°  to  77°  F., 
but  that  of  water  is  from  88°  to  98°  F.  Such  a  bath  does  not  alter 
the  pulse,  the  respiration,  or  bodily  temperature.  There  is  no  change 
in  the  excretion  of  urea  or  carbonic  acid  gas,  but  the  amount  of  urine 
subsequently  passed  may  be  slightly  increased.  After  the  bath  there  is 
a  pleasant  feeling,  and  there  may  be  a  slight  loss  of  heat,  owing  to  the 
evaporation  of  water  remaining  on  the  body ;  therefore  the  bather  should 
always  dry  himself  directly  after  the  bath. 

COLD  BATHS. 

A  cold  bath  abstracts  heat  from  the  body,  but  in  spite  of  this  the 
internal  temperature  of  the  body  first  rises  a  little ;  it  is  unlikely  that  the 
diminution  of  radiation  is  enough  to  account  for  this,  therefore  probably 
the  production  of  heat  is  increased.  If  the  bath  be  very  cold,  or  much 
prolonged,  this  increased  production  of  heat  does  not  suffice  to  keep  the 
bodily  temperature  from  falling  somewhat.  During  a  cold  bath,  unless  the 
cold  is  excessive,  there  is  an  increased  production  and  exhalation  of  car- 
bonic acid  gas.  The  pulse  and  respiration  are  at  first  slightly  increased, 
but  soon  they  become  slower  than  natural.  After  a  little  while  the 
condition  of  goose-skin  is  seen.  It  is  probably  due  to  contraction  of  the 
arrectores  pili.  The  cutaneous  sensibility  is  at  first  raised,  and  stimuli 
that  ordinarily  could  hardly  be  felt  are  painful ;  the  bather  shivers,  feels 
cold,  and  very  soon  becomes  numb  and  ansesthetic.  If  he  stop  in  a  long 
while  the  bowels  and  bladder  may  be  emptied  reflexly;  and  he  may 
experience  partial  paralysis  of  the  muscles  of  the  body,  together  with  a 
general  sense  of  weariness  and  mental  weakness. 

After  a  cold  bath  of  short  duration  there  is  a  feeling  of  exhilaration 
and  warmth,  the  mental  faculties  seem  cleared,  the  muscles  have  gained  in 
power.  Probably  these  effects  are  owing  to  the  contraction  of  the  vessels 
of  the  skin,  which,  driving  blood  into  those  of  the  internal  organs,  leads 
to  a  rapid  abstraction  of  waste  products  from  them,  and  also  to  a 
stimulation  of  their  function,  whilst  the  dilatation  of  the  cutaneous 
vessels  which  follows  the  bath  causes  the  glow  and  feeling  of  warmth. 
A  cold  bath  frequently  produces  diuresis.  The  reaction  after  a  cold 
bath  is  not  experienced  by  weakly  people,  and  all  bathers  must  be 
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careful  not  to  take  a  bath  so  prolonged,  or  of  a  temperature  so  low,  as 
to  prevent  reaction. 

Therapeutics. — Cold  baths  are  commonly  used  for  the  subsequent 
exhilaration,  which  is  often  accelerated  by  a  rough  towel  or  flesh  glove. 
Probably,  if  they  are  taken  constantly,  they  diminish  the  liability  of  the 
bather  to  catch  cold.  The  stimulating  property  of  cold  water  is  used  to 
bring  round  people  who  are  fainting  or  who  are  comatose,  and  has  been 
recommended  for  attacks  of  laryngismus  stridulus. 

Fevers. — The  credit  of  having  established  the  treatment  of  fevers  by 
cold  baths  belongs  to  James  Currie  of  Liverpool,  who  in  1797  published  his 
"  Medical  Eeports  on  the  Effects  of  Water,  Cold  and  Warm,  as  a  Kemedy 
in  Fever  and  Other  Diseases,  whether  applied  to  the  Surface  of  the  Body 
or  used  Internally."  The  author  states  that  he  tried  the  treatment,  because 
he  had  seen  how  Dr.  William  Wright,  who  afterwards  became  President  of 
the  College  of  Physicians  of  Edinburgh,  when  suffering  from  fever  on  board 
ship,  went  on  deck  and  had  three  buckets  of  cold  salt  water  thrown  upon 
him,  to  his  immediate  relief.  Giannini,  in  1805,  published  an  account  of 
the  employment  of  cold  baths  for  fevers.  Brand,  in  1861,  described  his 
experience  of  cold  water  in  fever ;  and  many  writings  have  appeared  on  the 
subject  since. 

The  possible  ways  in  which  a  cold  bath  may  reduce  the  temperature 
are  numerous.  It  certainly  acts  by  a  direct  abstraction  of  heat,  and 
probably  also,  after  a  short  time,  by  diminishing  thermogenesis,  especially 
if  the  cutaneous  vessels  are  much  dilated,  for  then  a  great  quantity  of  cool 
blood  is  quickly  carried  to  the  muscles.  At  first  the  rectal  temperature 
rises  a  little,  either  because  the  body  endeavours  to  compensate  for  the 
direct  abstraction  by  greater  thermogenesis,  or  because  there  is  an  increased 
retention  of  heat,  owing  to  the  diminished  radiation  that  follows  the 
contraction  of  the  cutaneous  vessels,  which  must  take  place  to  a  certain 
extent ;  or,  again,  both  causes  may  operate.  But  soon  the  temperature  falls, 
and  continues  to  descend  even  after  the  patient  is  taken  out  of  the  bath. 
This  subsequent  sinking  may  be  due  either  to  the  continued  cooling  of 
the  blood  which  flows  from  the  skin  to  the  interior,  or  to  a  persistence  of 
the  lessened  thermogenesis,  or  to  both  these  causes.  Our  certain  know- 
ledge of  the  meaning  of  fever  is  not  sufficient  for  us  to  say,  a  priori, 
whether  baths  will  do  good ;  and  therefore  the  only  argument  in  their 
favour  is  the  a  posteriori  argument,  that  more  patients  recover  when  baths 
are  used  than  when  they  are  omitted.  They  have  been  given  chiefly  for 
typhoid  fever. 

The  cold  bath  is  much  more  efficacious  than  the  tepid  bath  gradually 
cooled.  The  precise  temperature  of  a  cold  bath  administered  for  fever 
will  depend  upon  the  temperature  of  tap  water,  but  it  should  never  be 
below  68°  F.  Often  in  warm  countries  it  is  75°  or  80°  F.  The  most 
recent  account  of  the  practical  details  is  given  by  H.  A.  Hare.  He  uses 
baths  made  of  wood,  and  lined  with  galvanised  iron,  as  they  are  light, 
strong,  and  cheap.  They  are  72  in.  long,  22  in.  wide,  and  19  in.  deep. 
When  ready  for  use,  they  should  be  two-thirds  full,  and  then  contain 
75  gals.  At  one  end  of  the  bottom  is  a  waste  plug.  The  bath  is  mounted 
on  four  wheels,  one  pair  fixed,  the  other  pair  attached  to  a  revolving 
under-carriage.  The  wheels  are  so  made  as  to  be  silent  and  turn  easily, 
and  there  is  a  handle  for  pulling  the  bath  along. 

The  patient  is  lowered  into  the  bath  on  a  stretcher  made  of  perforated 
canvas  stretched  between  two  light  poles  of  wood,  the  extreme  ends  of 
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which  are  connected  by  galvanised  iron  cross-bars.  Its  dimensions  are 
such  that  it  fits  loosely  to  the  bottom  of  the  bath.  There  is  a  light 
wooden  frame,  filled  in  with  canvas,  to  form  a  back-rest  for  the  shoulders 
and  head  of  the  patient,  and  on  it  is  a  circular  water-cushion  to  support 
the  patient's  head.  When  the  bath  is  to  be  used  it  is  wheeled  into  position 
across  the  end  of  the  bed.  The  patient,  otherwise  quite  naked,  is  covered 
with  a  small  sheet  or  towel,  his  head  and  neck  are  sponged  with  water  at 
about  60°  F.,  the  stretcher  is  slipped  under  his  legs  and  rests  transversely 
on  the  bed.  He  is  then  easily  lifted  on  to  it,  and  lowered  into  the  bath. 
The  back-rest,  as  it  projects  beyond  the  end  of  the  stretcher,  catches  011  the 
end  of  the  bath,  and  gradually  comes  to  assume  an  oblique  position  at  an 
angle  of  about  45°.  A  piece  of  board  is  used  to  raise  the  foot-end  of  the 
stretcher,  and  thereby  to  prevent  the  patient  from  slipping  forward.  At 
the  termination  of  the  bath  the  stretcher  is  slowly  raised,  the  head  of  it  is  , 
rested  on  the  corresponding  end  of  the  bath,  while  the  board  is  used  to 
support  the  foot.  After  remaining  about  a  minute  in  this  position,  to  j 
drain  off'  the  excess  of  water,  the  whole  is  lifted  and  placed  in  its  original 
position  on  the  bed,  previously  covered  with  mackintosh  sheeting,  on  to 
which  the  patient  is  placed.  He  is  then  dried,  the  mackintosh  is  with- 
drawn, and  he  is  covered  with  bedclothes.  Before  each  bath  the  patient 
is  made  to  pass  water,  since,  if  this  is  omitted,  the  shock  of  the  immersion 
will  produce  a  desire  to  do  so. 

In  private  practice  there  is  often  much  difficulty  in  getting  a  suitable 
bath.  This  inconvenience  can  be  surmounted  by  raising  the  head  of  the 
bedstead  a  few  inches,  making  thereby  an  inclined  plane  of  it.  Under  the 
patient  a  large  mackintosh  sheet  is  placed,  and  is  extended  over  a  bank  of 
pillows  on  either  side,  so  that  cold  water  poured  in  at  the  head  will  run 
out  at  the  foot,  where  it  is  caught  in  some  suitable  vessel.  The  pillows 
at  the  side  may  be  so  high  that  the  patient  lies  in  a  bath  of  running 
water. 

The,  tepid  bath  gradually  cooled. — This,  first  employed  by  Ziemssen,  is 
applied  thus.  The  patient  is  put  into  a  bath,  the  temperature  of  which  is 
from  9°  to  10°  F.  below  that  of  his  body.  Cold  water  is  then  gradually 
poured  in,  till  after  ten  or  fifteen  minutes  the  temperature  of  the  bath  has 
fallen  to  about  68°  F.  He  usually  remains  in  about  twenty  minutes. 
This  method  is  not  nearly  as  efficacious  as  the  cold  bath,  and  is  more 
difficult  to  carry  out ;  nevertheless,  it  may  occasionally  be  required  when 
the  patient  has  a  great  aversion  to  the  cold  bath,  or  if  it  be  considered  that 
the  shock  of  the  cold  bath  might  be  too  great. 

The  cold  affusion,  which  was  the  method  Currie  used,  is  not  now 
employed. 

The  cold  pack. — This  is  applied  thus :  the  naked  patient  is  wrapped  in  a 
sheet  four  folds  thick,  which  has  been  wrung  out  in  cold  water,  and  is 
carefully  placed  between  the  thighs  and  axillae.  It  is  often  recommended 
that  the  sheet  should  not  quite  reach  to  the  feet,  because  of  the  difficulty 
of  folding  it  over  them.  Outside  it  a  blanket  is  thrown.  In  five  or  ten 
minutes  the  patient  is  removed  from  between  the  folds  of  the  sheet,  and 
a  fresh  one  substituted.  This  is  more  easy  if  there  are  two  beds.  The 
process  is  repeated  four  to  eight  times,  and  even  then  is  not  as  powerful  as 
a  cold  bath.  Sometimes  simply  sponging  with  cold  water  or  a  large  ice 
poultice  is  used ;  but  the  reduction  of  temperature  that  can  be  obtained  by 
these  methods  is  uncertain  and  slight. 

Ziemssen  and  Immerman  give  the  proportionate  efficacy  of  the  cold 
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affusion,  a  series  of  four  cold  packings,  the  gradually  cooled  bath,  and  the 
cold  bath  at  1,  2,  3,  .4. 

Cold  baths  administered  to  febrile  patients  in  the  latter  part  of  the 
evening  and  in  the  night,  cause  a  more  durable  and  greater  reduction 
of  the  temperature  than  those  given  in  the  day  time ;  and  the  reduc- 
tion produced  by  a  cold  nocturnal  bath  is  greater  than  would  be  the 
difference  between  night  and  day  temperatures  in  the  same  case,  if 
it  had  not  been  treated  by  a  cold  bath.  This  is  due,  no  doubt,  in 
part  at  least,  to  the  fact  that  at  night  the  temperature  is  naturally 
falling,  and  that  it  is  easier  to  reduce  a  falling  temperature  than  one 
that  is  rising. 

We  will  now  turn  to  the  administration  of  the  cold  bath  in  different 
diseases. 

Typhoid  fever. — This  is  the  disease  for  which  the  cold  bath  has  been 
most  energetically  used,  and  all  authors  concur  that  with  it  the  mortality 
is  less  than  with  any  of  the  previous  methods  of  treatment.  The  method 
usually  adopted  is  that  of  Brand,  which  is  this.  The  patient's  temperature  is 
taken  in  the  rectum  every  three  hours  day  and  night,  and  on  each  occasion 
that  it  attains  or  exceeds  102°'2  F.  a  full  length  cold  bath,  such  as  we  have 
just  described,  is  administered,  of  a  temperature  about  68°  F.,  and  having 
a  duration  approximately  of  fifteen  minutes.  This  treatment  has  no 
experimental  evidence  in  its  favour,  nor  are  there  any  conclusive  theoretical 
reasons  which  would  lead  us  to  suppose  that  it  would  do  more  good  for 
typhoid  than  for  some  fevers,  although  in  this  connection  it  is  worthy 
of  note  that  some  experiments  published  in  my  Croonian  Lectures 
(Lancet,  London,  1897)  showed  that  in  typhoid  fever  some  of  the  pyrexia 
is  due  to  a  diminished  loss  of  heat,  and  cold  baths  certainly  increase 
this.  The  evidence  in  its  favour  is  chiefly  statistical,  and  as  there  are  so 
many  fallacies  in  that,  especially  as  the  mortality  of  typhoid  fever  is 
naturally  low  and  variable,  many  authors  seem  hardly  convinced  that 
the  cold  bath  treatment  is  beneficial.  But  the  statistical  evidence  is 
very  strong. 

According  to  Murchison,  the  death-rate  from  typhoid  fever,  for  the  years 
1848-1870,  for  France,  Germany,  and  England,  was  4723  out  of  a  total  of 
27,051  cases,  or  17'45  per  cent.  Jaccoud  has  collected  80,149  cases 
occurring  between  the  years  1840  and  1881,  and  the  mortality  was  19 '2 3. 
Brand  has  got  together  8141  cases,  treated  more  or  less  regularly  by  cold 
baths,  of  which  600  died,  or  7'4  per  cent.,  but  the  mortality  among  those 
treated  consistently  from  the  first  was  only  6  per  cent.  Again,  Lieber- 
meister's  statistics  state  that  at  Bale,  from  1854  to  1864,  the  mortality  on 
the  expectant  symptomatic  treatment  was  18'1  per  cent,  among  1847 
patients.  Almost  the  same  number,  treated  on  antipyretic  principles,  gave 
a  death-rate  of  7'2  per  cent.  Tripier  and  Bouveret  give  the  following 
figures: — (1)  From  1866  to  1872,  among  229  cases  treated  on  the 
expectant  method  the  mortality  was  26'2  per  cent. ;  (2)  from  1873  to  1881, 
among  626  cases  treated  imperfectly  by  cold  baths  the  mortality  was  16 '9 
per  cent. ;  (3)  from  1882  to  1885,  among  260  cases  treated  thoroughly  by 
the  cold  bath  the  mortality  was  7*3  per  cent.  Lastly,  to  take  the  most 
recent  figures,  those  of  Hare.  Among  1828  cases  treated  at  the 
Brisbane  Hospital  by  the  expectant  method  the  mortality  was  14'8  per 
cent.,  whilst  among  1902  cases  treated  by  the  Brand  system  of  bathing 
the  mortality  was  7 '5  per  cent. 

The  whole  of  the  statistical  argument  may  therefore  be  summed  up  in 
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Osier's  words :  "  The  cold  bath  treatment,  rigidly  enforced,  appears  to  save 
from  6  to  8  per  cent,  of  typhoid  patients  admitted  to  the  care  of  the 
hospital  physician."  But  in  spite  of  this  very  strong  statistical  evidence, 
the  cold  bath  is  by  no  means  uniformly  employed,  and  that  is  probably 
because  many  feel  that  Brand's  method  is  too  arbitrary.  The  severity  of 
an  illness  can  never  be  gauged  by  the  temperature  alone ;  the  skilful  and 
trained  physician  takes  cognisance  of  all  the  symptoms,  and  then  forms  his 
opinion,  so  that  it  is  open  to  any  one  to  maintain  that  the  cold  bath  is 
often  unnecessarily  employed  by  those  who  bathe  according  to  Brand's 
rule ;  indeed,  it  is  quite  impossible  to  prove  any  one  wrong  who  main- 
tains that,  while  many  patients  are  undoubtedly  saved  by  cold  bathing, 
some  are  killed  by  it,  but  that  more  are  saved  than  killed,  and  therefore 
the  mortality  falls.  These  considerations  have  led  some  to  regard  the 
rigid  enforcement  of  the  Brand  system  whenever  the  temperature  is  102 '2, 
as  comparable  to  the  giving  of  digitalis  whenever  there  is  a  murmur,  and 
to  consider  that  the  right  and  skilful  treatment,  that  showing  best  the 
art  of  medicine,  is  to  carefully  select  the  cases  for  treatment  by  the  cold 
bath.  Still  it  is  far  too  little  employed,  and  thanks  are  due  to  Brand  for 
having  shown  us  a  way  of  treating  typhoid  fever  that  is  certainly  of  use  in 
many  cases. 

All  those  who  strongly  advocate  the  cold  bath  treatment  of  typhoid 
fever,  urge  that  to  get  the  greatest  benefit  from  its  use  it  must  be 
employed  from  the  commencement  of  that  time  in  every  case  at  which 
the  temperature  reaches  102°-2.  Hare  goes  so  far  as  to  say  "  that  in  a 
series  of  cases  treated  boldly  and  systematically  from  an  early  period  of 
the  fever  (i.e.  from  the  fifth  day)  the  old  clinical  picture  of  typhoid  is  lost. 
Were  it  not  that  in  every  hospital  cases  continue  to  be  admitted  in  the 
later  stages,  and  that  conditions  not  unfrequently  arise  which  necessitate 
the  suspension  of  the  bathing,  it  would  be  easy  to  fall  into  the  error  of 
attributing  the  milder  course  of  the  disease  to  an  alteration  in  its  type, 
irrespective  of  the  treatment  pursued." 

Patients  do  not  object  to  the  baths  nearly  as  much  as  might  be 
supposed ;  sometimes  the  first  one  or  two  are  disliked,  but  even  then  the 
patient  often  asks  soon  for  them. 

The  cold  bath  affects  other  symptoms  besides  the  temperature.  The 
first  effect  of  it  is  to  slightly  increase  the  pulse-rate,  but  soon  a  fall  sets  in, 
and  continues  until  the  temperature  has  reached  its  lowest  point.  As  a 
result  of  the  contraction  of  the  cutaneous  vessels,  the  pulse  is  hard,  and 
sometimes  so  small  that  it  can  only  be  felt  with  difficulty ;  this  often 
makes  inexperienced  physicians  think  that  the  patient's  state  is  serious, 
and  he  is  removed  too  soon.  If  the  pulse  is  dicrotic,  it  loses  its  dicroti- 
cism ;  the  skin  becomes  pale,  and  shows  the  condition  of  goose  skin.  At 
first  there  is  a  feeling  of  want  of  breath ;  the  respirations  are  few,  gasping, 
and  deep,  but  this  soon  passes  off.  The  delirium,  tremor,  prostration, 
involuntary  passage  of  urine  and  faeces,  and  other  symptoms  which  make 
up  the  typhoid  condition,  are  all  markedly  benefited  by  cold  baths. 
Patients  who  are  prostrate  and  unconscious  become  brighter,  conscious, 
and  comfortable.  Often  it  causes  the  patient  to  shiver.  If  this  is  only 
slight  he  need  not  be  removed,  but  if  it  is  severe  he  should  be  taken 
out. 

It  is  very  important  to  bear  in  mind  that  the  cold  bath  does  not  in  any 
way  shorten  the  disease.  Hare's  figures  show  that  the  duration  of  the 
fever  among  the  convalescent  cases  treated  by  the  expectant  method  was 
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twenty -four  days,  and  among  those  treated  by  cold  baths  it  was  23 '3  days ; 
but  it  appears  that  the  duration  of  life  in  the  fatal  cases  was  slightly 
greater  in  the  bathed  than  in  the  unbathed  cases.  There  is  no  evidence 
that  the  liability  to  relapse  is  altered  by  the  cold  bath  treatment. 

The  next  point  to  be  considered  is  the  effect  of  cold  bath  treatment 
upon  the  various  complications  of  typhoid  fever.  By  far  the  most 
important  of  these  are  perforation  and  haemorrhage.  Hare  found  that 
among  his  cases  treated  without  cold  baths  the  percentage  of  deaths  from 
perforation  was  2-9,  and  from  haemorrhage  1'88  ;  whilst  among  those  treated 
with  cold  baths  the  percentage  mortalities  were  respectively  2  "9  and  l-2. 
We  see  that  cold  baths  do  not  alter  the  mortality  from  perforation, 
but  that,  if  anything,  they  slightly  diminish  the  risk  from  intestinal 
haemorrhage.  It  is  clear,  therefore,  that  the  total  diminished  mortality 
effected  by  the  cold  bath  treatment  is  due  almost  entirely  to  diminu- 
tion of  the  death-rate  from  complications  other  than  perforation  and 
haemorrhage.  Hare  classifies  the  other  causes  of  death  as  (a)  due  to 
affections  of  the  lungs,  (6)  cerebral,  (c)  exhaustion ;  and  the  percentage 
mortality  from  (a),  (b),  and  (c)  among  unbathed  cases  was  2-22,  0'68, 
and  6'83  respectively ;  whilst  among  the  bathed  cases  it  was  0'51, 
0*17,  and  2'9  respectively.  So  we  see  that  cold  bathing  greatly 
diminishes  the  chances  of  death  from  pulmonary  affections,  cerebral 
affections,  and  exhaustion. 

The  following  table,  compiled  by  Hoffmann  and  Liebermeister,  is 
interesting  in  the  same  direction : — 


Among  a  large  Number  of  Patients  with  Typhoid  Fever. 

Under  Ordinary 
Treatment. 

Under  Cold  Water 
Treatment. 

Per  cent. 

Per  cent. 

Severe  affections  of  the  lung  were  present  in 

20 

77 

The  mortality 

from  pulmonary  affections  was    . 

77 

2-1 

When  the  cold  bath  treatment  was  first  introduced,  it  was  much 
feared  that  it  would  increase  the  danger  from  intestinal  haemorrhage  and 
from  pulmonary  complications.  We  see  there  is  no  ground  for  such  fear. 
The  only  two  absolute  contrary  indications  to  the  cold  bath  treatment 
are  perforation  of  the  intestine  and  severe  intestinal  haemorrhage ;  probably 
slight  intestinal  haemorrhage  need  not  forbid  bathing.  If  the  patient  is 
very  collapsed  when  first  seen,  or  if  he  has  heart  disease  or  any  laryngeal 
trouble,  it  is  probably  wiser  to  employ  the  tepid  bath,  gradually  cooled. 
Pleurisy,  bronchitis,  phthisis,  albuminuria,  bedsores,  menstruation,  preg- 
nancy, suckling,  obesity,  and  old  age  are  none  of  them  centra-indications 
to  cold  bathing. 

Rheumatic  fever. — Cold  bathing  for  this  disease,  when  complicated 
by  hyperpyrexia,  is  absolutely  essential ;  and  as  all  subsequent  experience 
has  confirmed  the  conclusions  to  which  a  committee  of  the  Clinical  Society 
arrived,  it  will  suffice  to  state  these  conclusions. 

Of  the  cases  investigated  by  the  committee  that  were  not  bathed,  only 
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one  in  which  the  maximum  temperature  exceeded  106°  recovered.  Of  the 
cases  that  were  bathed,  fifteen,  or  five-eighths  of  the  total,  in  which  the 
maximum  exceeded  106°,  recovered.  Again,  in  six  out  of  eleven  fatal  cases 
which  were  not  bathed,  the  maximum  was  under  106°,  but  in  only  three 
out  of  the  twenty-two  bathed  cases  was  it  so  low. 

Often  the  treatment  is  of  no  avail;  but, on  the  other  hand,  it  frequently 
turns  the  scale  towards  recovery  when  the  temperature  has  not  reached  an 
extreme  height.  The  treatment  must  be  begun  without  any  delay  what- 
ever, directly  hyperpyrexia,  however  slight,  is  detected,  and  mutst,  be 
persevered  in  unremittingly  so  long  as  the  temperature  remains  high.  The 
committee  truly  say  that  a  strict  watch  must  be  kept  for  prodromal  signs. 
Two  which  are  most  noteworthy  are  delirium  and  a  cessation  of  the 
articular  pain.  Cold  bathing  not  only  reduces  the  temperature,  but  also 
allays  the  delirium,  brings  down  the  frequency  and  increases  the  strength  of 
the  pulse,  and  promotes  sleep  even  in  the  most  desperate  cases.  If  it  were 
'  made  a  rule  to  put  the  patient  in  a  cold  bath  whenever  the  temperature 
of  rheumatic  fever  reaches  105°,  the  mortality  in  rheumatic  hyperpyrexia 
would  greatly  fall. 

The  cold  bath  is  not  specially  used  in  other  fevers,  but  it  may  with 
advantage  be  employed  in  any  of  them,  should,  in  any  exceptional  case, 
death  threaten  from  pyrexia. 

Local  application  of  cold.— Locally  applied,  cold  causes  a  diminution 
in  the  size  of  the  vessels,  a  diminution  of  the  quantity  of  blood,  a  lowering 
of  temperature  at  the  point  of  application  and  in  the  parts  beyond,  and 
the  reverse  in  the  parts  behind  the  point  of  application.  The  vascular 
contraction  or  dilatation  produced  at  one  part  of  the  body  by  the  applica- 
tion of  cold  or  heat  respectively,  causes  the  converse  condition  of  the  vessels 
at  other  parts  of  the  body  ;  thus  a  cold  sitz  bath  shows,  if  a  plethysmograph 
be  applied  to  the  arm,  that  its  volume  is  increased ;  the  temperature  of  the 
axilla  is  also  raised. 

Cold  appears  to  contract,  not  only  the  vessels  of  the  skin  to  which  it  is 
applied,  but  also  those  of  the  organs  under  it.  Most  often  this  is  reflex ; 
but  if  the  intervening  tissues  are  thin  it  may  be  due  to  conduction,  and 
perhaps  this  explains  the  utility  of  an  ice-bag  to  the  head  for  concussion, 
and  the  fact  that  some  writers  strongly  recommend  ice-poultices  to  the 
chest  for  pneumonia.  Cold  feet  are  often  warmed  by  the  reaction  after  a 
cold  foot  bath,  and  menstruation  can  in  some  women  be  checked  by  the 
same  means. 

Cold  brought  in  contact  with  an  inflamed  part,  by  contracting  the 
afferent  vessels,  diminishes  the  quantity  of  blood  in  it,  and  thereby  relieves 
tension,  pain,  and  throbbing.  It  may  be  applied  in  the  form  of  an 
evaporating  lotion,  or  as  an  indiarubber  ice-bag,  or  as  an  ice-poultice.  To 
make  an  ice-poultice,  take  a  fold  of  guttapercha  tissue,  a  little  larger  than 
the  area  to  be  covered  with  the  poultice ;  sprinkle  on  the  lower  leaf  of  the 
fold  a  thin  layer  of  wood  wool,  and-  upon  it  place  ice  crushed  small,  to 
the  depth  of  half  an  inch ;  sprinkle  the  ice  with  common  salt,  and  on  the 
top  of  it  add  another  layer  of  wood  wool.  Turn  the  upper  leaf  over  the 
lower,  and  seal  the  edges  with  chloroform  or  turpentine.  Put  the  poultice 
into  a  flannel  bag,  or  place  under  it  a  layer  of  lint. 

Various  sounds,  catheters,  elastic  bags,  douches,  sprays,  have  been 
used  for  cold  water,  but  there  is  nothing  special  to  state  about  any  of 
them. 
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A  warm  bath  raises  the  temperature  of  the  body  by  imparting  heat  to 
it  and  preventing  loss  of  warmth  from  it.  Zuntz  and  Rohrig  put  a  dog 
for  eighteen  minutes  in  a  bath  at  107°  F.,  and  the  animal's  temperature 
rose  4°  F. :  and  other  observers  have  obtained  similar  results.  I  have 
performed  two  experiments  upon  myself,  and  the  results  are  shown  in  the 
following  table : — 


Number 
of  Ex- 
periment. 

Time. 

Mouth 
Tempera- 
ture. 

Abdominal 
Surface 
Tempera- 
ture. 

Milligrammes  of 
Sweat  from 
given  Area  of 
Abdomen  in  ten 
minutes. 

Remarks. 

P.M. 

7.0 

98°"3 

93°  '7 

2'4 

Got    into    hot   batli    (temperature 

7.25 

112°)  ;  remained  in  fourteen  min- 

utes.    When  I  came    out  I  felt 

faint,    breathing    deeply.      The 
bath  was  then  108°.     I  rapidly 

dried  myself,    put    on  dressing- 

1- 

gown,  and  lay  down. 

7.45 

103°'2 

94°'5 

1857 

7.55 

88°'7 

8.5 

99°  -5 

8.15 

98°'6 

9.0 

98°  -0 

92°  -8 

2-3 

3.30 

98°  '2 

92°  -8 

2-5 

Got   into   hot    bath    (temperature 

3.40 

112°)  ;  remained  in  fourteen  min- 

utes.    The  bath  was  then  106°. 

Faintness    and    rapid    breathing 

2- 

were  not  so   marked.     Dried  as 

before. 

4.0 

ioi°-o 

93°-7 

92-4 

4.15 

91°'8 

5.0 

98°  -2 

93°-7 

3-9 

In  both  these  experiments,  I  could,  by  watching  the  skin,  see  that  the 
secretion  of  sweat  did  not  begin  to  be  very  profuse  till  a  few  minutes  after 
I  was  out  of  the  bath,  but  by  ten  minutes  after  it  was  extraordinarily 
abundant.  It  will  be  seen  that  in  all  respects  the  first  bath  produced 
more  marked  effects  than  the  second;  probably  this  was  because  the 
second  cooled  the  faster.  But  both  experiments  teach  that  the  evapora- 
tion of  sweat  is  by  far  the  most  important  agent  in  reducing  the  bodily 
temperature  when  it  has  been  artificially  raised  by  a  bath ;  and  it  will  be 
noticed  that  when  such  a  large  amount  of  sweat  is  secreted,  the  surface 
temperature  is  lower  than  it  was,  either  before  the  experiment  began, 
immediately  after  the  bath,  or  some  time  after  the  experiment,  when  the 
secretion  of  sweat  is  nearly  normal.  This  is  no  doubt  due  to  the  rapid 
evaporation  of  the  sweat,  and  this  means  of  reducing  the  temperature  is 
so  energetic  that  it  actually  makes  the  loss  by  radiation  and  conduction 
less,  although  the  internal  temperature  is  raised ;  it  will  be  seen  that  in 
the  first  experiment  the  surface  temperature  fell  50<8  F.  in  ten  minutes, 
but  in  the  second,  with  much  less  sweat  secreted,  it  only  fell  l°-9  F. 
in  fifteen  minutes.  Other  striking  facts  are  the  rapidity  with  which 
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a  normal  temperature  is  regained  and  the  enormous  quantity  of  sweat 
secreted. 

Therapeutics. — Hot  baths  should,  however,  never  be  given  of  such  a 
heat  that  they  seriously  raise  the  bodily  temperature,  if  that  is  normal.  In 
any  hot  bath  the  rate  of  the  pulse  and  respiration  is  increased.  There  is 
considerable  dilatation  of  the  vessels  of  the  skin,  which  become  red,  and  this 
dilatation  usually  lasts  for  some  time  after  leaving  the  bath.  Hot  water 
liquefies  the  fatty  secretions  of  the  skin,  and  it  is  a  better  solvent  than  cold ; 
therefore  it  cleanses  the  body  more  thoroughly.  The  increased  perspira- 
tion leads  to  a  lessened  secretion  of  urine.  Owing  to  the  dilatation  of 
the  cutaneous  vessels,  blood  is  withdrawn  from  the  internal  organs,  and 
thereby  their  functional  activity  is  depressed.  This  explains  many  uses 
of  hot  baths :  one  taken  immediately  before  going  to  bed  has  long  been 
known  to  be  a  valuable  remedy  for  insomnia ;  indeed,  the  soporific  effect 
of  a  warm  bath  has  been  known  to  cause  the  death  of  the  bather.  Great 
weariness  of  the  muscles  is  relieved  by  a  hot  bath,  probably  because,  by 
withdrawing  blood  from  them,  it  lowers  the  activity  of  the  processes  going 
on  in  them.  Napoleon  always,  if  possible,  took  one  when  he  was  unable 
to  obtain  a  night's  rest.  Prolonged  warm  baths  are  enervating,  and  have 
always  been  looked  upon  as  a  sign  of  effeminacy. 

The  effects  are  often  not  the  same  on  different  individuals,  but  for 
nearly  all  persons  the  following  propositions  are  true : — 

Hot  baths,  like  any  other  application  of  heat,  soothe  pain ;  hence  they 
are  useful  for  rheumatoid  arthritis  and  colic,  whether  it  be  renal,  biliary, 
or  intestinal.  The  reputation  of  Aix-les-Bains  and  Bath  for  the  treatment 
of  rheumatoid  arthritis  and  allied  conditions  rests  on  the  warmth  of  their 
natural  springs ;  and  at  many  other  places  to  which  sufferers  from  rheuma- 
toid arthritis  resort,  the  water  is  artificially  heated.  (For  Natural  Warm 
Springs,  see  p.  885.)  By  bringing  blood  to  the  skin,  and  lessening  the 
amount  in  the  internal  organs,  hot  baths  relieve  muscular  spasm,  such  as 
we  find  in  stricture  of  the  urethra,  colic,  laryngismus  stridulus,  other  forms 
of  laryngeal  spasm,  and  infantile  convulsions.  In  the  same  way,  they  are 
of  service  in  weariness  from  muscular  or  cerebral  activity,  are  soporific,  and 
are  useful  in  many  inflammatory  affections,  as  a  cold  in  the  head.  The  sub- 
sequent increased  perspiration  makes  them  of  great  value  in  the  various 
forms  of  nephritis  and  in  ursemia.  Great  care  must  be  taken  after  a  hot 
bath,  which  has  been  given  to  induce  sweating,  to  see  that  the  patient  is 
kept  warm  by  being  wrapped  quickly  in  a  hot  blanket,  and  put  into  a 
warm  bed.  If  not,  the  cutaneous  vessels  soon  contract,  all  the  good  of  the 
bath  is  undone,  and  there  is  no  diaphoresis.  Sponging  with  hot  water  will, 
by  the  vascular  dilatation  and  sweating  it  produces,  cause  a  slight  fall  of 
temperature  in  fever. 

The  local  application  of  a  hot  bath,  either  in  the  form  of  douche,  foot 
bath,  or  sitz  bath,  has  the  same  effects  but  to  a  less  degree.  The  efficacy 
of  a  foot  bath  is  often  enhanced  by  the  addition  of  mustard,  in  the 
proportion  of  from  1  to  3  oz.  of  mustard  to  every  15  gallons  of 
water.  The  local  vascular  dilatation  caused  by  a  partial  hot  bath  extends 
to  the  deep  vessels  of  the  part  immersed,  and  even  to  those  of  its  neigh- 
bourhood. A  hot  sitz  bath  dilates  those  of  the  pelvic  viscera,  and  a  hot 
foot  bath — if  the  lower  extremities  are  deeply  covered  by  the  water — 
expands  the  branches,  not  only  of  the  femoral  but  probably  also  those  of 
the  iliac  arteries ;  both  these  baths,  either  with  or  without  mustard,  are 
found  of  use  in  amenorrhcea. 
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Sometimes  heat  is  applied  by  putting  the  whole  body  (except  the 
head),  or  merely  a  limb,  under  a  cradle,  which  may  be  covered  over  by  an 
asbestos  sheet,  and  the  air  under  which  is  heated  by  gas,  oil,  or  incan- 
descent electric  lamps.  These  last  make  a  very  cleanly  hot  bath,  in 
which  a  heat  of  over  200°  F.  may  be  reached.  They  are  of  great  use  for 
rheumatic  affections  such  as  rheumatoid  arthritis,  or  for  any  of  the 
diseases  in  which  heat  is  desirable. 

Heat  is  sometimes  applied  in  other  ways  than  by  a  bath.  Usually  by 
packs  or  a  poultice.  A  wet  pack  is  applied  thus  :  a  bed  or  couch,  easy  of 
access  on  both  sides,  and  preferably  covered  by  mackintosh,  is  chosen ;  a 
large  blanket  is  spread  upon  it ;  on  this  a  large  sheet,  wrung  out  in  cold 
water,  is  placed ;  the  patient  is  put  on  the  sheet,  which  is  quickly  folded 
all  over  him,  except  his  head  and  neck,  care  being  taken  that  contiguous 
surfaces  are  separated  by  the  sheet,  that  it  lies  smooth  over  the  whole 
body  and  limbs,  and  that  it  is  tight  round  the  neck.  Several  blankets  are 
next  wrapped  round  the  patient.  At  first  the  cutaneous  vessels  are  con- 
tracted, and  heat  is  absorbed  by  the  cold  sheet,  so  that  if  only  applied 
from  five  to  ten  minutes  a  wet  pack  is  slightly  antipyretic.  By  the  end 
of  that  time,  however,  the  body  has  heated  the  sheet  considerably,  and 
there  is  profuse  perspiration ;  the  heat  and  sweat  are  both  retained  by  the 
blankets,  so  that  neither  radiation,  conduction,  nor  evaporation  can  take 
place ;  the  body  is  really  in  a  hot  vapour  bath ;  all  the  cutaneous  vessels 
are  dilated,  and  the  pulse  and  respiration,  which  were  originally  quickened, 
are  slowed.  The  wet  pack,  if  it  last  for  half  an  hour,  is  a  valuable  dia- 
phoretic. After  it  the  patient  should  be  rapidly  dried  and  put  to  bed. 

A  cold  compress  is  really  a  local  wet  pack,  for  the  guttapercha  which 
is  put  over  the  wet  lint  prevents  evaporation.  The  effects  of  a  cold  com- 
press are  the  same  as  those  of  a  linseed  poultice. 

Dry  packing  consists  in  sufficiently  wrapping  up  the  body  in  thoroughly 
warm  blankets  or  rugs,  so  as  to  induce  sweating.  If  the  patient  has  previ- 
ously begun  to  sweat,  as  a  result  of  exercise,  the  perspiration  in  the  dry 
pack  may  be  very  profuse.  It  is  very  valuable  for  remedies  such  as 
Bright's  disease,  that  require  a  diaphoretic,  and  should  always  be  applied 
after  an  injection  of  pilocarpine  has  been  given. 

TURKISH  BATHS. 

The  details  of  a  Turkish  bath  are  too  well  known  to  need  description. 
The  hot  air  produces  abundant  diaphoresis  and  considerable  cutaneous 
hypersemia.  The  evaporation  of  the  sweat  and  of  the  pulmonary  aqueous 
vapour  usually  prevents  the  bodily  temperature  from  rising,  but  with 
some  persons  it  may  mount  a  degree  or  so  in  the  hotter  rooms.  The  pulse 
and  respiration  become  more  rapid,  and  the  heart  may  palpitate  a  little. 
The  urine  passed  after  the  bath  is  scanty,  dark  coloured,  and  highly  acid, 
with  a  high  specific  gravity.  There  appears  some  doubt  whether  the  ex- 
cretion of  urea  is  increased,  but  the  balance  of  evidence  is  that  it  is  not ; 
the  output  of  uric  acid  is,  however,  greater  than  in  health.  Naturally  so 
much  sweating  causes  a  loss  of  weight,  it  may  amount  to  as  much  as  five 
pounds  after  a  single  Turkish  bath.  The  massage  and  subsequent  cold 
plunge  or 'douche  taken  at  the  end  of  the  bath  cause  a  refreshing  and 
comfortable  feeling.  Usually  the  pulse,  respiration,  and  temperature  return 
to  normal  in  fifteen  minutes. 

Therapeutics. — As  the  diaphoresis  caused  by  Turkish  baths  is  so 
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great,  they  are  clearly  powerful  excretory  agents,  and  this  effect,  combined 
with  warmth  and  massage,  makes  them  of  great  use  in  aiding  the  absorp- 
tion of  chronic  exudations  such  as  those  of  chronic  rheumatism  and 
syphilis.  Neuralgia  and  rheumatic  myalgia  associated  with  pain  ,m<l 
stiffness  are  also  much  benefited.  Many  corpulent  persons  take  them 
frequently,  and  sometimes  beneficially,  with  the  object  of  reducing  their 
weight,  but  great  care  must  be  exercised  in  the  selection  of  cases,  for,  if  the 
heart  be  fatty,  there  is  great  danger  of  syncope  whilst  in  the  bath.  Chronic 
nephritis  is  often  much  benefited  by  a  course  of  Turkish  baths,  owing  to 
the  diaphoresis  induced,  but  in  these  cases  also  attention  must  be  carefully 
paid  to  the  state  of  the  heart  and  vessels  before  ordering  a  bath.  Persons 
with  serious  heart  disease  should  not  take  Turkish  baths.  They  are 
sometimes  employed  for  those  suffering  from  poisoning  by  mercury  or 
lead. 

HOT  VAPOUR  OR  EUSSIAN  BATH. 

This  produces  much  the  same  effects  as  a  Turkish  bath,  except  that  no 
evaporation  of  perspiration  from  the  skin  can  take  place,  because  the  sur- 
rounding air  is  saturated  with  vapour,  therefore  the  temperature  of  the 
body  rises  to  a  greater  height  than  in  a  Turkish  bath,  although  the 
temperature  of  the  bath  is  not  so  high.  A  hot  vapour  bath  is  used  for 
the  same  diseases  as  a  Turkish  bath,  and  also  occasionally  for  inflammatory 
conditions  of  the  bronchial  mucous  membrane  that  appear  to  require  a 
moist  inhalation. 

Moon,  PEA.T,  MUD,  AND  SLIME  BATHS  are  simply  warm  baths  to  which 
moor  earth,  peat,  mud,  or  slime  from  rivers  has  been  added.  Their  action 
is  the  same  as  that  of  warm  baths,  and  they  are  chiefly  used  for  chronic 
rheumatic  affections.  They  are  found  at  many  places,  e.g.  Marienbad, 
Teplitz,  Driburg,  and  Spa,  but  they  are  not  much  used  by  English 
people. 

Various  aromatic  herbs  are  sometimes  added  to  baths,  and  at  some 
places  a  bath  to  which  a  decoction  of  pine  leaves  has  been  added  is 
popular.  The  medicinal  value  of  such  baths  depends  upon  their 
temperature. 

In  bygone  days,  all  sorts  of  things,  as  blood,  horse  dung,  guano,  wine, 
or  milk  were  added  to  baths,  but  such  additions  were  mere  quackery. 

SAND  BATHS  were  very  popular  a  few  years  ago.  The  sand  is  dry  and 
evenly  heated  throughout  to  between  115°  to  125°  F.  The  lower  extremities 
are  covered  to  a  depth  of  five  or  six  inches ;  the  abdomen  and  thorax  for 
half  an  inch.  The  skin  becomes  very  red,  and  sweat  is  freely  secreted,  but 
cannot  evaporate,  hence  the  temperature  of  the  body  mounts.  The  sweat 
and  sand  form  a  thin  cake  on  the  body,  which  has  to  be  washed  off  after 
the  bath.  Local  sand  baths  are  often  employed.  Sand  baths  are  useful  in 
chronic  rheumatism,  chronic  gout,  and  chronic  Bright's  disease, — in  fact, 
whenever  warmth  is  required. 

CARBONIC  ACID  BATHS  form  an  important  part  of  the  treatment  at 
Nauheim,  see  p.  860  and  p.  924. 

SALT- WATER  BATHS. — These  are  usually  taken  by  bathing  in  the  sea, 
and  there  is  no  doubt  that  this  is  often  productive  of  great  good  in  those 
who  are  merely  weak  and  suffer  from  malnutrition.  In  such  persons  more 
benefit  is  to  be  ascribed  to  the  open  air,  the  exercise,  the  movement  and 
the  reaction  after  the  bath,  than  to  the  sodium  chloride  and  other  mineral 
constituents  of  the  bath.  Persons  in  whom  a  brisk  reaction  does  not 
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follow  sea  baths  should  not  take  them,  and  they  should  never  be  so 
prolonged  as  to  make  the  bather  thoroughly  cold.  They  are  best 
taken  early  in  the  day.  For  the  springs  containing  sodium  chloride, 
see  p.  854. 
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MASSAGE. 

THE  word  "  massage  "  is  used  to  denote  the  method  by  which  the  reabsorp- 
tion  of  inflammatory  and  effete  products  and  the  acceleration  of  blood  and 
lymph  currents  are  caused  by  mechanical  manipulation. 

Those  who  wish  to  study  the  history  of  massage  will  find  it  very  fully 
given  in  the  works  of  Schreiber  and  Keibmayr.  Descriptions  of  it  or  allied 
methods  of  treatment  are  to  be  found  in  the  oldest  Hindoo  and  Chinese 
books,  and  the  Greeks  and  liomans  were  well  acquainted  with  it.  Of  late 
years  much  has  been  written  about  it,  but  most  of  the  later  writings  on 
the  subject  are  hardly  worth  reading ;  and  a  few  years  ago  it  was  so  much 
vaunted,  presumably  for  commercial  reasons,  by  many  who  wrote  about  it, 
that  there  was  a  danger  lest  the  medical  profession  would  regard  it  with 
so  much  distrust  that  they  would  cease  to  use  it.  That  danger  is  past, 
and  those  who  maintained  that  there  was  something  mysterious  in  massage 
which  could  only  be  learned  by  great  trouble  from  accomplished  performers 
have  for  the  most  part  ceased  to  write.  On  the  other  hand,  doctors  have 
learned  that  massage  is,  in  suitable  cases,  an  excellent  therapeutic  agent. 

Mode  of  performance. — Clumsy  persons  will  never  do  it  very  well, 
but  with  this  reservation  any  intelligent  person  can  massage  efficiently 
after  a  short  period  of  learning,  especially  if  he  bear  in  mind  the  object 
with  which  massage  is  performed,  namely,  to  aid  absorption  by  mechanical 
movement ;  and  the  ease  with  which  he  learns  will  be  greater  if  he  has  an 
elementary  knowledge  of  anatomy.  In  England  it  is  not  usually  under- 
taken by  doctors  themselves,  but  students  ought  to  do  a  little,  as  they  may 
be  called  upon  to  perform  massage  afterwards.  Good  male  and  female 
nurses  are  usually  taught  to  do  it,  and  many  attain  great  dexterity ;  but  it 
is  often  advisable  that  the  doctor  should  see  them  perform  it  during  the 
first  sitting  given  to  a  new  case,  for  he  will  know  the  precise  object  with 
which  massage  is  undertaken,  and  he  can  direct  it  accordingly.  Different 
operators,  although  they  all  have  the  same  end  in  view,  vary  a  little  in 
their  method  of  massage,  but  usually  the  four  following  methods  are  each 
of  them  used  more  or  less  whenever  massage  is  performed : — 

Stroking  or  Effleurage. — This  consists  of  a  series  of  slow  movements  in 
which  the  part  to  be  massaged  is  stroked  with  firmness  in  the  direction 
of  the  venous  flow,  but  not  so  as  to  cause  pain.  Usually  it  is  carried  out 
with  the  ulnar  edge  of  the  hand,  but  one  finger  or  the  whole  palm  may  be 
used. 

Kneading  or  Pttrissage. — This  is  the  most  difficult  to  learn.  It  consists 
in  grasping  the  skin  or  muscles  to  be  massaged  and  kneading,  alternately 
tightening  and  loosening  the  hold,  from  the  periphery  towards  the  centre 
of  the  body.  It  is  advisable  to  use  both  hands  at  a  time  for  large  muscles, 
and  neither  the  skin  nor  the  hairs  over  it  must  be  dragged,  for  that  causes 
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pain.  Sometimes,  as  in  the  arm,  it  is  possible  with  one  hand  to  work  on 
the  muscles  on  one  side  and  with  the  other  to  work  those  on  the  other, 
and  at  the  same  time  to  press  and  roll  the  opposite  muscles  together  or 
against  the  bone.  This  is  called  fulling,  because  of  its  resemblance  to  the 
movements  used  by  fullers  in  handling  linen. 

Rubbing  or  Friction. — This  consists  in  rubbing  in  small  circles  from  the 
periphery  of  the  body  towards  the  centre  with  the  finger-tips  or  the  whole 
hand.  It  is  especially  useful  where — as  in  the  neighbourhood  of  joints — 
tissues  are  so  closely  attached  to  bone  that  kneading  is  difficult  or  im- 
possible. 

Percussion  or  Tapotement. — This  consists  in  striking  a  number  of  blows 
in  quick  succession,  either  with  the  tips  of  the  fingers,  the  edge  of  the  hand, 
or  the  whole  hand.  When  the  finger-tips  are  used,  the  blows  should  be 
delivered  from  the  wrist, — this  stimulates  the  skin ;  but  when  stimulation 
of  muscles  is  desired,  the  blows  may  be  made  in  a  chopping  manner  with 
the  edge  of  the  hand  in  a  series  along  the  length  of  the  muscle  transverse 
to  its  long  axis.  Various  mechanical  devices  are  occasionally  used  to 
strike  a  number  of  rapid  blows. 

To  carry  out  these  movements  efficiently,  considerable  manual  strength 
and  a  delicate  touch  are  necessary,  and  as  an  example  of  massage  of  a  part 
we  may  take  the  lower  extremity. 

First,  if  the  hair  be  long,  it  should  be  cut  close ;  then,  beginning  at  the 
toes,  the  foot  may  be  stroked  several  times  with  the  ulnar  edge  of  the 
hand  on  both  dorsum  and  sole ;  the  same  should  be  done  to  the  leg  from 
the  ankle  to  the  knee,  and  the  thigh  from  knee  to  the  hip.  For  these 
larger  parts  it  may  be  well  to  use  the  whole  hand.  If  we  recollect  the 
arrangement  of  the  valves,  it  is  easy  to  see  that  the  desired  object  of  aiding 
the  flow  in  the  superficial  veins  will  be  attained  by  this  stroking,  which 
must  always  be  in  the  direction  of  the  venous  flow ;  if  there  be  a  difficulty 
in  accomplishing  this,  as  in  the  back,  the  stroking  should  be  in  a  uniform 
direction.  Again,  beginning  at  the  toes  and  working  upwards,  a  fold  of 
skin  should  be  pinched  up  between  the  thumb  and  forefinger  and  lightly 
kneaded  so  as  to  give  no  pain,  and  the  whole  skin  of  the  limb  should  be 
treated  in  this  way ;  the  beneficial  effect  in  aiding  the  cutaneous  circula- 
tion is  at  once  seen  in  the  redness  produced ;  both  the  hands  may  be 
employed,  one  following  the  other.  After  this  the  muscles  are  to  be 
grasped  between  the  thumb  and  fingers,  •  or,  if  it  be  more  convenient, 
between  the  fingers  of  the  two  hands,  and  thoroughly  kneaded  from  below 
upwards,  the  aim  being  to  accelerate  the  flow  of  lymph  and  blood  in  them. 
Next,  the  limb  may  be  rubbed  in  small  circles  from  below  upwards  in  the 
manner  already  described;  after  which  percussion  may  be  applied  also 
from  below  upwards;  and,  lastly,  passive  movements  should  be  made  of 
all  the  joints,  such  as  the  toes,  ankles,  knees,  and  hips,  partly  for  the  same 
object  as  that  for  which  the  muscles  are  kneaded,  and  partly  to  aid  the 
absorption  of  any  fluid  there  may  be  in  them. 

Many  operators  use  oil  or  vaseline,  with  which  they  grease  the  part  to 
be  massaged  before  commencing,  but  unless  the  skin  be  very  harsh,  dry, 
and  scaly,  this  is  not  usually  desirable ;  nothing  is  gained  by  the  grease,  it 
makes  the  parts  to  which  it  is  applied  dirty,  and  a  firmer  grip  can  be  got 
without  it.  If,  however,  it  should  be  used,  lanoline  and  neat's-foot  oil  are 
probably  the  best  forms  of  grease.  Occasionally  massage  is  performed 
through  thin  clothing,  but  this  is  undesirable,  for  the  parts  cannot  be  so 
well  grasped,  and  unnecessary  force  must  be  used. 
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The  duration  of  the  massage  will  vary  considerably  in  individual  cases ; 
when  the  whole  body  is  massaged,  the  operation  usually  lasts  three-quarters 
of  an  hour  to  an  hour,  and  is  repeated  twice  daily ;  on  the  other  hand,  five 
to  fifteen  minutes  usually  suffice  for  a  large  joint  and  the  muscles  con- 
nected with  it.  The  force,  too,  must  also  vary  according  to  circumstances, 
but  massage  should  never  be  so  forcible  as  to  be  painful. 

Effects. — If  a  large  area  has  been  massaged,  the  patient  should  be 
wrapped  up  in  blankets  afterwards,  and  be  allowed  to  rest  for  half  an  hour 
or  more.  The  immediate  effect  of  such  massage  is  to  produce  a  pleasant 
feeling  of  well-being  accompanied  by  drowsiness,  and  often  patients  fall 
asleep ;  the  skin  looks  redder,  and  the  parts  that  have  been  massaged  feel 
more  pliant.  After  the  massage  has  been  repeated  for  several  days,  the 
general  health  improves,  the  patient  feels  better,  sleeps  better,  and  has  a 
better  appetite ;  the  bowels  are  more  regular,  and  the  muscles  are  firmer 
and  more  bulky.  Many  observations  upon  the  effect  of  massage  on  healthy 
individuals  and  animals  have  been  published,  and  the  results  obtained  are 
all  fairly  concordant. 

Fluids  have  been  injected  into  the  joints  and  tissues  of  animals,  and  it 
has  been  definitely  proved  that  massage  always  increases  the  rapidity  of 
absorption  from  all  parts  of  the  body  that  can  be  subjected  to  manipula- 
tion ;  this  is  true  not  only  of  joints  and  muscles,  but  also  of  the  great  serous 
cavities  of  the  body.  The  use  of  coloured  injections  has  further  shown 
that  absorption  takes  place  in  a  large  part  by  the  lymphatics,  for,  after  the 
injection  of  coloured  fluids,  more  colouring  matter  is  found  in  the  lym- 
phatics and  glands  in  animals  that  have  been  massaged,  than  in  controls  in 
which  no  massage  has  been  employed ;  but  it  has  also  been  learned  that 
absorption  by  the  veins  is  likewise  increased  by  massage.  Not  only  is  the 
rapidity  of  absorption  of  inflammatory  products  increased  by  massage,  but 
Zabludowsky's  experiments  on  fatigued  muscles  have  shown  that  if  they 
are  massaged  their  capability  to  respond  to  electrical  stimuli  is  recovered 
more  quickly  than  after  simple  rest.  Further,  many  observers  have  demon- 
strated that  during  the  massage  of  muscles  the  flow  of  blood  through  them 
is  increased,  and  that  this  increased  flow  continues  after  the  cessation  of  the 
massage ;  therefore  there  is  no  doubt  that  massage  is  a  means  both  of 
rapidly  removing  waste  products  from  a  muscle  and  bringing  new  nourish- 
ment to  it.  As  might  be  expected  from  the  above,  it  has  also  been  shown 
that  massage  improves  the  appetite  and  so  indirectly  increases  the  weight, 
increases  the  rapidity  of  nitrogenous  metabolism,  and  renders  recovery  from 
fatigue  more  rapid.  As  massage  of  the  abdomen  leads  to  an  accumulation 
of  blood  there,  it  follows  that  it  is  somewhat  depressing  to  the  general 
circulation,  so  it  is  usually  advisable  in  general  massage  to  operate  on  the 
abdomen  first,  so  that  the  subsequent  massage  of  the  rest  of  the  body  may 
restore  the  force  and  frequency  of  the  pulse.  Mitchell,  too,  has  proved 
that  the  blood  shares  the  improvement  of  other  tissues,  and  that  the 
number  of  red  corpuscles  and  their  haemoglobin  value  are  increased  by 
massage  if  the  patient  was  previously  anaemic.  All  observers  seem  agreed 
that  of  the  various  massage  procedures  kneading  is  the  most  beneficial, 
but  that  a  combination  of  them  all  is  better  than  any  single  manipulation. 

Therapeutics. — Massage  is  useful  for  many  conditions,  among  which 
are  the  following : — 

Diseases  of  joints. — Here  the  effect  of  massage  is  often  very  striking,  and 
the  benefit  that  follows  a  visit  to  Aix-les-Bains,  Bath,  and  other  places 
frequented  by  sufferers  from  chronic  rheumatic  arthritis  is  largely  due  to 
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the  skill  with  which  massage  is  applied,  as  a  result  of  which,  movement 
becomes  freer  and  the  pain  disappears.  Various  traumatic  troubles  of 
joints,  such  as  sprains  and  synovitis,  are  often  wonderfully  improved  by 
massage,  which  is  also  of  great  use  in  restoring  movement  when,  from 
fracture  or  paralysis,  a  joint  has  been  subjected  to  prolonged  disuse. 
Chronic  gout  and  chronic  gonorrhceal  rheumatism  are  other  instances  of 
joint  affections  that  may  be  improved  by  massage.  In  all  these  cases  the 
joints  should  be  repeatedly^moved,  and  the  muscles  that  act  upon  the  joint 
should  themselves  be  massaged.  A  sitting  should  be  given  at  least  once 
and  preferably  twice  a  day,  and  about  ten  minutes  should  be  devoted  to 
each  affected  joint,  unless  very  many  are  implicated. 

Joints  which  contain  pus,  joints  affected  with  acute  rheumatism,  acute 
gout,  or  any  condition  in  which  the  absorption  of  the  contents  of  the  joint 
will  be  harmful,  should  on  no  account  be  massaged ;  and  of  course  massage 
is  useless  if  the  joint  is  firmly  fixed  by  strong  adhesions  or  outgrowths. 

Diseases  of  muscles. — Massage  is  of  great  use  in  helping  muscles,  which 
have  become  paralysed  from  any  cause,  to  regain  their  power  as  the  cause 
of  the  paralysis  passes  off,  thus  it  is  of  great  use  in  anterior  poliomyelitis 
and  various  forms  of  neuritis.  If  the  cause  of  the  paralysis  is  an  acute 
disease  leading  to  rapid  trophic  changes  in  the  muscles,  it  is  well  not  to 
begin  the  massage  for  a  fortnight  after  the  onset  of  the  trouble.  All  forms 
of  myalgia,  whether  rheumatic  or  gouty,  are  immensely  benefited  by 
massage,  and  sometimes  improvement  follows  in  chorea.  If  the  limbs  of 
the  patients  who  have  to  rest  some  time,  e.g.  sufferers  from  spinal  caries, 
are  massaged  daily  during  the  rest  in  bed,  they  are  able  to  walk  well 
almost  directly  they  are  allowed  up. 

Diseases  of  nerves. — Local  massage  is  often  of  very  great  use  in  intract- 
able cases  of  sciatica,  and  usually  stroking  is  the  movement  that  is  of  most 
value ;  the  muscles  supplied  by  the  nerve  should  themselves  be  massaged 
also.  If  the  case  is  severe,  the  limb  should  be  rested  in  between  the 
applications.  Various  neuralgias  are  likewise  sometimes  benefited  by 
massage. 

Chronic  constipation  is  often  relieved  by  systematic  massage.  It  should 
be  applied  in  the  morning  before  the  patient  gets  up,  so  that  the  bowels 
may  be  moved  at  the  natural  time.  The  object  the  operator  should  have 
in  view  is  to  act  upon  the  muscles  of  the  abdominal  wall  and  also  upon  the 
unstriped  muscle  of  the  colon.  To  secure  these  ends,  the  massage  should 
proceed  up  the  right  side  of  the  abdomen,  across  at  a  little  above  the 
umbilicus,  and  down  the  left  side,  so  that  it  may  follow  the  direction  of 
the  colon.  At  the  commencement  of  each  operation  the  massage  should 
be  performed  superficially,  so  as  to  influence  the  muscles  of  the  abdominal 
wall ;  afterwards  (the  manipulations  should  be  as  deep  as  possible,  in  order 
to  affect  the  colon  directly.  This  can  be  done  by  pressing  deeply,  and 
moving  the  hands  with  a  kind  of  rotatory  motion,  and  then  pushing  them 
well  down  into  the  abdomen  in  the  direction  of  the  colon.  Often  the  cases 
are  quickly  cured,  but  if  they  are  very  obstinate  it  may  be  necessary  to  con- 
tinue the  treatment  for  six  weeks.  The  duration  of  the  operation  should  be 
ten  or  fifteen  minutes  daily.  Frequently  it  is  advantageous  to  additionally 
stimulate  the  muscles  by  the  faradic  current. 

Insomnia  may  be  treated  by  rapid  abdominal  massage,  the  object  being 
to  bring  blood  into  the  abdomen.  Convalescence  from  prolonged  illness  is 
sometimes  accelerated  by  it,  and  occasionally  it  benefits  sufferers  from 
melancholia  and  various  forms  of  insanity.  It  has  been  strongly  recom- 
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mended  for  writers'  cramp  and  allied  diseases,  but  it  often  fails  to  do  good. 
Some  writers  have  advised  massage  of  the  uterus,  which  is  raised  by  one 
finger  in  the  vagina  and  massaged  through  the  abdominal  wall  by  the 
other,  but  the  method  is  open  to  so  much  abuse,  and  is  mentally  so  bad  for 
the  patient,  that  it  should  be  discarded.  Massage  often  aids  other  treat- 
ment of  the  morphine  habit,  and  indeed  drug  habits  generally.  For  these 
purposes  it  should  be  applied  to  the  whole  body.  It  has  occasionally  been 
used  in  the  treatment  of  obesity,  especially  in  patients  who  are  ansemic. 
General  massage  is  of  great  service  in  cases,  e.g.  spinal  disease,  in  which 
some  local  disease  keeps  patients  in  bed,  for  if  massage  is  used  they  can 
walk  and  use  their  muscles  directly  they  are  allowed  up. 

Massage  is  recommended  for  so  many  conditions  for  which  it  is  useless, 
that  it  should  never  be  applied  without  a  doctor's  sanction.  It  is  absolutely 
contra-indicated  if  the  patient  have  an  aneurysm,  and  should  never  be  per- 
formed upon  any  case,  such  as  one  of  gastric  ulcer,  in  which  there  is  any 
risk  of  perforation  or  haemorrhage ;  for  the  last  reason  it  must  be  used  with 
great  judgment  in  phthisis  and  chronic  Bright's  disease.  Likewise  it 
should  never  be  carried  out  in  a  patient  if  there  is  any  suspicion  of  throm- 
bosis, lest  it  should  dislodge  a  clot.  Fever  is  an  absolute  prohibitive,  for 
massage  will  further  raise  the  temperature;  nor  should  it  be  employed 
when  there  is  any  risk  that  an  improvement  in  the  circulation  will  aid  the 
absorption  of  infective  products.  Pregnancy  and  menstruation  forbid 
abdominal  massage.  It  should  only  be  used  by  a  doctor,  and  then  with 
great  caution,  in  cases  of  heart  disease,  for  it  may  do  distinct  harm.  Lastly, 
some  excitable  and  very  nervous  people  are  made  distinctly  worse  by 
massage.  A  few  patients  so  insist  on  having  it  tried,  that,  even  if  we 
think  it  can  do  no  good,  we  are  justified,  if  we  are  quite  sure  it  can  do  no 
harm,  in  trying  it  in  order  to  demonstrate  to  them  its  uselessness,  for  by  so 
doing  we  prevent  their  falling  into  the  hands  of  charlatans. 

THE  WEIR  MITCHELL  TREATMENT. 

This,  carried  out  in  its  most  complete  form,  consists  of — (1)  complete 
isolation ;  (2)  rest  in  bed ;  (3)  abundant  feeding ;  (4)  massage  and  electricity. 
It  is  named  after  Weir  Mitchell  because  he  was  the  first  to  use  these 
means  systematically  in  combination  with  each  other.  In  certain  cases 
one  or  more  of  them  may  be  omitted. 

The  class  of  patients  best  suited  to  this  method  are  neurotic  women  in 
whom  there  is  much  loss  of  flesh,  but  it  may  also  be  employed  for  men. 
Such  patients  are  usually  said  to  be  suffering  from  anorexia  nervosa,  they 
refuse  food  or  take  very  little,  and,  as  a  result  of  this,  they  slowly  waste, 
but  the  striking  thing  is  that  the  wasting  is  so  slow  ;  this  is  partly  because 
they  take  no  exercise  and  lie  down  a  good  deal,  but  even  then  they  waste 
far  less  rapidly  than  healthy  persons  would  under  the  same  circumstances. 
Often  the  patient  does  not  refuse  her  food,  but  vomits  it  directly  it  is  taken  ; 
frequently  there  is  considerable  repugnance  to  food  associated  with  the 
vomiting.  The  patients  who  vomit  also  waste  very  slowly.  I  have  known 
a  woman  vomit  after  every  meal  for  nine  months,  and  yet  remain  alive  at 
the  end  of  it.  In  rare  cases  the  vomiting  is  replaced  by  diarrhoea,  which 
may  last  many  years  in  spite  of  the  use  of  the  most  powerful  astringents. 
The  wasting  may  be  very  extreme  in  anorexia  nervosa ;  the  patient  is  often 
little  more  than  a  bag  of  bones.  For  instance,  I  have  come  across  the 
following  weights : — A  woman,  5  ft.  10  in.  in  height,  weighed  90£  lb.,  or 


THE   WEIR  MITCHELL  TREATMENT.  907 

6  st.  6£  lb.;  another,  who  was  about  5  ft.  7  in.  high,  weighed  4  st.  9f  Ib. 
A  girl,  set.  13,  who  was  fairly  tall  for  her  age,  weighed  4  st.  3|  lb. 

The  skin  of  these  patients  is  harsh,  dry,  wrinkled,  and  often  of  a  dirty 
brown  hue ;  it  hangs  loosely  on  the  body,  it  is  anaemic,  the  nails  are  pale 
and  the  hair  is  thin,  the  patient  is  weak  and  feeble  not  only  in  body  but 
in  mind ;  the  bright  and  cheerful  girl  has  become  listless,  uninteresting, 
and  apathetic;  and  usually  these  patients  protest  that  they  eat.  The 
greater  number  of  them  are  women,  but  occasionally  the  disease  exists  in 
men.  It  is  most  common  between  17  and  37,  but  it  may  occur  in  children ; 
the  youngest  case  that  I  have  met  was  12|  years  old. 

Having  sketched  briefly  the  class  of  case  most  suited  for  the  treatment, 
I  will  in  a  few  words  give  details  of  each  part  of  it,  and  then  proceed  to 
record  a  few  results,  and  enumerate  those  cases  which  are  either  quite 
unsuited  or  for  which  only  a  modified  form  of  it  is  desirable. 

Isolation. — This  is  the  most  important  part  of  the  system.  I  have 
known  cases  in  which  all  the  details  had  been  carried  out  'except  that  the 
patient  had  not  been  isolated  ;  in  each  instance  she  began  to  improve  directly 
isolation  was  enforced.  The  isolation  must  be  absolute ;  any  attempt  to 
treat  the  patient  in  her  own  home  ends  in  failure.  She  must  be  removed 
to  a  clean,  cheerful  room,  where  she  must  be  kept  for  a  period  of  four  to 
ten  weeks,  according  to  the  severity  of  the  case.  During  this  time  she  is 
to  be  allowed  to  see  nobody  excepting  the  nurse,  the  person  who  does  the 
massage,  the  doctor,  and  a  maid  who  comes  in  solely  to  clean  the  room. 
Neither  the  receiving  nor  the  writing  of  letters  is  as  a  rule  permissible. 

Rest. — This  too  must  be  absolute.'  The  patient  must  be  kept  in  bed 
continuously  night  and  day  for  from  four  to  eight  or  ten  weeks,  according 
to  the  severity  of  the  case,  and  it  may  be  necessary  to  prohibit  her  leaving 
the  bed  even  to  relieve  the  bladder  or  rectum,  and  to  get  the  nurse  to  feed 
her.  In  the  morning  and  evening  she  may  be  lifted  on  to  a  stretcher  to 
have  her  bed  made.  She  must  not  be  allowed  either  to  read  or  sew.  This 
absolute  rest  does  not,  as  might  be  thought,  weary  her ;  it  is  surprising  how 
kindly  she  takes  to  it.  If  she  is  doing  well,  she  will,  when  she  is  not  feed- 
ing or  being  massaged,  doze  or  sleep  away  most  of  the  twenty-four  hours. 
After  three  or  four  weeks  she  may  be  allowed  to  read  or  sew  a  little.  At 
the  end  of  the  rest  in  bed  she  may  get  up  for  a  short  time,  which  may  be 
lengthened  each  day,  beginning  by  sitting  in  an  easy-chair  for  about  half 
an  hour,  and  after  a  few  days  trying  to  walk  a  little.  It  is  important  to 
choose  a  large  airy  room,  for  it  is  much  the  best  plan  for  the  nurse  to 
sleep  in  a  separate  bed  in  the  same  room ;  she  can  then  give  the  patient 
food  in  the  night,  and  can  see  that  she  does  not  get  out  of  bed.  One 
nurse  is  nearly  always  enough.  She  can  get  out  twice  a  day  while  the 
massage  is  going  on.  After  the  first  few  days,  if  the  patient  can  be  trusted, 
the  nurse  can  leave  the  room  for  her  meals,  although,  as  the  room  is  large, 
she  may  like  to  take  her  meals  in  the  patient's  room,  and  there  is  no 
objection  to  this.  The  nurse  should  be  firm,  but  kind  and  enthusiastic 
about  getting  the  patient  well.  She  must  not  sympathise  with  any  of  the 
patient's  whims,  nor  will  a  woman  who  is  quick-tempered  be  any  use. 
Sometimes,  if  unfortunately  an  unsatisfactory  nurse  has  been  chosen  and 
the  patient  is  therefore  not  getting  on  well,  she  will  begin  to  mend  directly 
a  suitable  nurse  is  obtained. 

Overfeeding. — The  guiding  principle  of  the  overfeeding  of  the  patient  is 
that  she  should  have  an  abundance  of  easily  digestible  food  at  frequent 
intervals.  No  special  dietary  is  necessary ;  the  patient  can  have  whatever 
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is  going  in  the  house,  provided  that  it  is  plain,  simple,  nourishing  food. 
Usually  during  the  first  two  or  three  days  nothing  but  milk  should  be  given, 
small  quantities  every  hour  or  two,  so  that  about  three  pints  are  taken  in 
twenty-four  hours  ;  if  it  disagree,  a  little  lime  water  or  barley  water  may  be 
added,  and  if  the  patient  dislike  it  very  much  it  may  be  just  flavoured  with 
a  little  coffee.  After  about  two  days  of  milk,  some  infants'  food  is  added 
to  the  dietary,  about  three  feeds  of  it  in  twenty-four  hours.  In  a  day  or 
two,  further  additions  in  the  way  of  fish,  chicken,  soup,  milk  pudding,  etc., 
are  made,  and  by  the  fifth  or  sixth  day  the  patient  should  be  on  full  diet. 
The  following  examples  from  actual  cases  will  show  what  a  patient  may  be 
taking  after  a  few  days.  I  have  only  quoted  average  cases ;  I  have  had 
patients  who  have  taken  larger  quantities  of  food ;  for  instance,  one  patient, 
in  addition  to  large  quantities  of  ordinary  food,  took  ten  pints  of  milk  and 
ten  eggs  a  day. 

CASE  1. — 7.45  A.M. — Cup  of  tea,  piece  of  bread  and  butter.  8.30  A.M.— Tea, 
with  plenty  of  milk,  abundance  of  bread,  butter,  and  toast,  and  two  eggs.  10  A.M. 
— Half  a  pint  of  beef -tea  and  some  toast.  12  A.M. — Haifa  pint  of  Eenger's  food. 
1.15  P.M. — A  large  slice  of  mutton  and  vegetables,  and  a  large  helping  of  custard 
pudding.  3  P.M. — Three-quarters  of  a  pint  of  corn  flour  with  an  egg  in  it. 
4.30  P.M. — Tea,  with  plenty  of  milk,  abundance  of  brown  bread  and  butter,  and 
an  egg.  6  P.M. — Half  a  pint  of  beef-tea  with  toast.  7.30  P.M. — A  large  helping 
of  chicken  and  vegetables,  and  a  large  helping  of  milk  pudding.  10.15  P.M. — A 
basin  of  Savory  &  Moore's  food  with  an  egg  in  it.  This  patient,  therefore,  was 
having  every  day  four  large  meals,  and  in  addition  13  oz.  of  corn  flour,  28  oz.  of 
infants'  food,  a  pint  of  beef-tea,  and  fiVe  eggs. 

CASE  2. — Another  example  is  that  of  a  child,  set.  13.  She  took  food  as 
follows: — 7  A.M. — 8  oz.  of  milk,  with  a  little  tea  and  a  biscuit.  8.15  A.M. — Egg 
and  bacon,  a  large  amount  of  bread  and  butter,  and  10  oz.  of  milk.  10  A.M. — 
10  oz.  of  milk.  12  NOON. — A  breakfast-cupful  of  bread  and  milk.  1.30  P.M. — 
Mutton  cutlets,  cauliflower,  potato,  milk  pudding,  an  orange,  plenty  of  bread  and 
butter,  and  10  oz.  of  milk.  4.30  P.M. — Large  quantity  of  bread  and  butter,  and 
10  oz.  of  milk.  7  P.M. — Plate  of  chicken,  bread  sauce,  spinach,  potatoes,  bread, 
rice  pudding,  stewed  pears,  and  10  oz.  of  milk.  9.30  P.M. — Cup  of  prepared  sago, 
and  during  the  night,  10  oz.  of  milk  and  some  biscuits. 

CASE  3. — As  a  third  case  I  will  give  one  under  the  care  of  Weir  Mitchell 
himself. — 6  A.M. — 10  oz.  of  raw  meat  soup.  7  A.M. — Cup  of  coffee.  8  A.M. — A 
plate  of  oatmeal  porridge,  with  a  gill  of  cream,  a  boiled  egg,  three  slices  of  bread 
and  butter,  and  some  cocoa.  11  A.M. — 10  oz.  of  milk.  2  P.M. — Half  a  pound  of 
rump  steak,  potatoes,  cauliflower,  a  savoury  omelette,  and  10  oz.  of  milk.  4  P.M. — 
10  oz.  of  milk,  and  three  slices  of  bread  and  butter.  6  P.M. — A  cup  of  gravy  soup. 
8  P.M. — A  fried  sole,  roast  mutton,  French  beans,  potatoes,  stewed  fruit,  cream, 
and  10  oz.  of  milk.  11  P.M. — 10  oz.  of  raw  meat  soup. 

Just  at  first  there  may  be  a  little  difficulty  in  persuading  a  patient,  who 
has  for  months  refused  most  of  her  food,  to  take  such  diets  as  these,  but  if 
the  nurse  is  suitable  and  the  doctor  and  she  are  firm,  the  patient  is  feeding 
regularly  and  properly  within  twenty-four  hours  of  the  commencement  of 
the  treatment.  If,  before  she  came  under  observation,  she  has  been  vomit- 
ing, she  may  be  a  little  sick  after  some  of  the  first  few  feeds,  but  if  the 
feeding  is  persevered  with,  the  sickness  soon  stops.  No  special  food  is 
necessary ;  it  is  generally  well  to  consult  the  patient  as  to  what  she  likes 
best,  and  to  draw  up  the  diet  list  accordingly.  It  is  always  desirable  to 
write  out  a  diet  list  for  the  nurse,  and  to  get  her  to  enter  in  a  book  precisely 
how  much  the  patient  takes  and  when  she  takes  it. 

In  about  a  week  before  the  patient  leaves  her  room,  the  food  should  be 
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gradually  diminished,  so  that  when  she  gives  up  the  treatment  she  is 
taking  four  good  meals  a  day,  a  glass  of  milk  at  11  A.M.,  and  another 
on  going  to  bed. 

The  metabolism  of  these  patients  is  very  interesting.  E.  J.  Spriggs 
and  I  published  an  account  of  a  case  in  which  all  the  food  was  weighed  and 
analysed  as  cooked  and  taken,  and  all  the  fteces  and  urine  were  weighed 
and  analysed  during  eight  weeks'  treatment.  The  patient's  weight  at  the 
beginning  of  the  treatment  was  39'23  kilos,  and  her  gain  in  weight  during 
it  was  13'256  kilos.  The  following  is  one  day's  food  taken  at  random  (all 
the  quantities  are  expressed  in  grammes) : — Milk  4324,  Benger's  food  38, 
white  bread  83,  butter  12,  sole  42,  mutton  57,  chicken  57,  rice  199,  sago 
170,  potatoes  83,  oatmeal  6,  bacon  14,  brown  bread  46,  cabbage  142.  In 
addition  she  had  seven  eggs.  The  physiological  heat  value  of  this  day's 
food  is  approximately  5300  kilo-calories.  Her  weight  this  day  was  46'5 
kilos;  so  that  she  was  receiving  113  kilo-calories  per  kilo  of  body  weight. 
On  this  day  the  total  intake  of  fat  was  268'69  grins. ;  of  nitrogen  42'20 
grins.  The  daily  average  intake  of  fat  was  252  grins.,  of  nitrogen  39.  The 
average  daily  loss  of  fat  in  the  faeces  was  9  grms.,  and  of  nitrogen  in  the  urine 
and  fieces  27  grms.  Of  the  fat  taken,  96-5  per  cent,  was  absorbed,  and  at 
times  she  was  taking  over  300  grms.  a  day,  and  allowing  for  the  3'5  per 
cent,  unabsorbed,  she  utilised  2692  kilo-calories  a  day  from  fat  alone.  It 
was  found  that  the  absorption  of  nitrogen  from  the  intestinal  canal  was 
very  complete.  Nitrogenous  equilibrium  was  not  attained  at  any  period 
during  the  eight  weeks,  and  661  grms.  of  nitrogen  more  were  taken  in. 
than  were  accounted  for  in  the  urine  and  faeces.  After  making  allowances 
for  loss  of  nitrogen  through  menstruation,  sweat,  etc.,  it  was  found  that, 
even  on  the  supposition  that  all  her  gain  in  weight  was  proteid,  there  was 
still  120  grms.  of  nitrogen  retained  in  the  body  and  unaccounted  for,  that 
is,  5 -6  per  cent,  of  the  total  ingested  nitrogen ;  and  as  some  of  her  increased 
weight  must  have  been  derived  from  fat,  we  are  probably  correct  in  saying 
that  10  per  cent,  of  the  nitrogen  taken  in  is  not  accounted  for  in  the 
excretions.  This  is  a  remarkable  fact.  Two  explanations  are  possible, 
first,  that  at  the  beginning  of  the  experiment  her  proteid  tissues  were, 
as  a  result  of  inanition,  very  watery,  and  at  the  end  of  the  experiment 
more  concentrated  than  usual ;  and,  secondly,  that  some  nitrogen  was  laid 
up  in  a  form  containing  more  nitrogen  than  proteid. 

Massage. — This  calls  for  no  very  special  remark.  The  object  of  it 
is  to  improve  the  circulation  through  the  tissues,  and  to  accelerate 
the  removal  of  waste  products  from  them.  The  whole  body  except 
the  face  and  head  should  be  massaged.  It  is  well,  generally,  to  follow 
some  such  plan  as  this : — Ten  minutes,  the  first  morning  and  the  first 
evening ;  twenty  minutes,  morning  and  evening  the  second  day ;  thirty 
minutes,  morning  and  evening  the  third  day ;  forty,  the  fourth  day  ;  and  an 
hour,  morning  and  evening  the  fifth  day.  An  hour  morning  and  evening 
should  be  maintained  throughout  the  case  until  ten  days  before  the  patient 
leaves  her  isolation  room,  from  when,  the  time  each  day  may  be  gradually 
lessened  so  that  when  she  leaves  she  is  not  massaged  at  all.  Menstruation 
is  no  barrier  to  massage,  but,  during  the  period,  massage  of  the  abdomen 
should  be  omitted.  It  is  well  not  to  give  any  food  immediately  before 
massage,  but  some  should  be  given  directly  after,  and  then  the  patient 
should  compose  herself  to  sleep.  Some  have  recommended  that  massage 
should  be  aided  by  the  application  of  faradism  to  the  muscles,  but  it  is  as  a 
rule  quite  unnecessary,  and  is  a  bother  to  the  patient. 
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No  drugs  are  required,  except  that  usually  a  little  cascara  sagrada  is 
necessary  to  keep  the  bowels  gently  open.  Sometimes  it  is  well  to  help  its 
action  with  a  glycerin  suppository. 

In  properly  selected  cases  the  results  of  the  Weir  Mitchell  treatment 
are  very  striking.  Usually  the  patient  is  completely  restored  to  health  in 
seven  or  eight  weeks.  The  following  case  shows  the  gain  that  may  he 
expected.  The  patient  was  a  young  woman,  set.  about  22 : — 


Weight. 

Gained  in  a  Week. 

August     31        .         , 

6  st.  6  Ib.     8  oz. 

September  7        .         .  ;     ';; 

6  „    7  „      8  „ 

1  Hi.     0  oz. 

„           H         ,...'...[.            . 

7  ,,   0  „      0  ,, 

6  „      8  „ 

„    21  ;.    :.     . 

7  „  7  „    10  „ 

7  „   10  „ 

„       28    ;  :.-i(:  ....     .. 

8  ,,   2  ,,      0  „ 

8  „     6  „ 

October      5         .   ;_"  '.'  '  -f';' 

8  „   4  „      0  „ 

2  „     0  „ 

»        12  -    *,';.,   '.,    .-«:! 

8  „   8  ,,      0  „ 

4  „     0  „ 

At  the  end  of  the  treatment  the  patient  is  in  every  way  healthy ;  she 
eats  well,  sleeps  well,  and  can  take  plenty  of  exercise.  I  have  heard  of 
cases  years  after  the  treatment  ended,  and  the  patients  have  remained 
healthy  members  of  society.  Occasionally,  there  are  one  or  two  relapses, 
but  then  another  course  of  treatment  quickly  cures.  The  greatest  gain 
in  weight  that  I  have  known  in  a  single  week  has  been  9  Ib. 
12  oz. 

The  thinner  the  patients  the  more  likely  the  treatment  is  to  succeed, 
and  if  they  are  overladen  with  fat  the  chance  of  improvement  is  slight. 
The  nearer  a  case  is  to  insanity  the  less  the  likelihood  that  the  treatment 
will  do  good ;  and  if  the  patient  be  clearly  insane  it  had  better  not  be  tried. 
Patients  in  whom  anorexia  nervosa  is  complicated  by  other  hysterical 
symptoms,  such  as  paralysis  of  a  limb,  usually  do  not  do  well,  nor  do  those 
in  whom  it  is  associated  with  diarrhoea.  Most  organic  diseases  are  un- 
suitable for  the  Weir  Mitchell  treatment.  Those  addicted  to  morphine, 
opium,  and  chloral  may,  however,  be  much  benefited  by  it. 

In  a  typical  case  of  anorexia  nervosa,  all  parts  of  the  treatment  must 
be  thoroughly  carried  out  or  else  failure  will  result.  But  there  are  many 
fanciful  persons,  mostly  women  and  generally  between  15  and  35  years  of 
age,  who  say  they  cannot  eat  this,  and  they  cannot  eat  that,  and  who  live 
among  sympathetic  friends  who  support  them  in  these  fancies.  These 
patients  are  always  thin  and  generally  weak,  and  it  is  impossible  for  them 
to  gain  strength  while  they  are  surrounded  by  a  number  of  relatives. 
They  are  frequently  much  benefited  by  being  treated  in  the  same  way  as 
sufferers  from  anorexia  nervosa,  but  they  need  not  be  so  strictly  isolated. 
They  may  receive  letters  and  write  them,  and  see  an  occasional  visitor, 
provided  he  or  she  is  not  too  sympathising.  But  even  in  these  cases  the 
treatment  must  not  be  carried  out  in  the  patient's  own  home,  and  it  is  well 
to  err  in  the  direction  of  too  strict  rather  than  too  lax  isolation.  Usually 
four  weeks'  treatment  suffices.  In  this  time  the  patient  gains  about  from 
12  to  18  Ib.  It  is  demonstrated  to  her  that  she  can  eat  and  as  a  rule  she 
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does  not  relapse.      Chorea,  too,  may  be   sometimes  successfully  treated 

by  this  modification  of  the  Weir  Mitchell  treatment. 

• 
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VENESECTION. 

THE  history  of  venesection  does  not  reflect  much  credit  on  the  medical 
profession.  Up  till  the  fourth  and  fifth  decades  of  the  present  century,  it 
was  practised  very  largely,  and  usually  indiscriminately.  Numbers  of 
people  used  to  come  regularly  to  be  bled  in  the  spring  and  fall,  even  when 
quite  well,  for  it  was  considered  that  bleeding  at  these  times  of  year  helped 
to  maintain  good  health.  So  universal  was  the  practice,  that  on  these 
occasions  several  persons  might  be  seen  lying  on  the  floor  of  a  large 
hospital,  having  fainted  after  their  periodic  bleedings;  and  sixty  years 
ago  legal  proceedings  were  taken  against  a  doctor  who  did  not  bleed  a 
patient  suffering  from  acute  pneumonia.  Not  only  were  the  healthy  bled, 
but  every  disease  was  treated  by  venesection.  So  indiscriminate  was  the 
treatment,  that  many  patients  were  literally  bled  to  death.  Patients  in  the 
last  stages  of  typhoid  fever,  and  women  who  had  lost  much  blood  in  their 
confinement,  were  bled  until  they  died.  The  man  who  did  as  much  as 
any  one  to  stem  this  reckless  and  unscientific  use  of  a  good  remedy,  was 
Marshall  Hall,  and  by  the  publication  of  his  "Eesearches,  principally 
relative  to  the  Morbid  and  Curative  Effects  of  Loss  of  Blood  "  (1830),  he 
has  been  the  means  of  saving  many  hundreds  of  lives.  Slowly  what  was 
known  as  the  "  blood  letting  controversy  "  grew,  and  it  reached  its  height 
between  1850  and  1860.  Some  said  that  bleeding  was  always  harmful, 
others  that  it  nearly  always  did  good.  Unhappily  such  a  partisan  spirit 
was  introduced  into  the  controversy  that  nothing  is  to  be  now  gained  by 
reading  it,  and  unfortunately  it  waxed  warmest  upon  the  question  of  the 
propriety  of  bleeding  in  acute  pneumonia.  As  it  was  easy  to  show  that  in 
this  disease  bleeding  frequently  did  harm,  it  was  rashly  concluded  that  the 
practice  was  bad  for  all  diseases,  and  between  1865  and  1875  bleeding  was 
rarely  practised.  Indeed,  a  student  could  then  easily  go  through  the  whole 
of  his  training  at  a  hospital  without  seeing  phlebotomy  performed ;  nor  was 
this  surprising,  when  such  an  authority  as  Jiirgensen  said :  "  What  I  have 
seen  of  it  has  been  incapable  of  leaving  any  doubt  in  my  mind  that  this 
treatment  is  seldom,  perhaps  never,  imperative."  So  little  were  students 
taught  about  it,  that  examiners  would  frequently  find  that  not  one  out  of 
a  whole  batch  of  candidates  knew  how  to  bleed  a  patient.  As  is  often 
the  case,  the  truth  lies  between  the  two  extremes ;  and  we  know  now  that 
whilst  indiscriminate  bleeding  is  harmful,  the  practice  is  often  of  the 
greatest  benefit  in  suitable  cases. 

Effects. — Before  indicating  these,  we  will  inquire  what  are  the 
physiological  results  of  bleeding. 

One  of  the  first  effects  of  bleeding,  even  to  a  moderate  amount,  is  to 
reduce  the  blood  pressure ;  but  fluid  is  so  quickly  transferred  from  the 
tissues  to  the  blood  vessels,  that  the  pressure  quickly  regains  its  previous 
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height ;  indeed,  before  the  haemorrhage  has  ceased,  fresh  tluid  is  poured  into 
the  blood  vessels.  The  result  of  this,  of  course,  is  that  we  get  a  hydnemic 
or  diluted  blood ;  that  is  to  say,  the  number  of  corpuscles  in  a  given 
quantity  of  blood  is  less  than  in  health.  The  following  table  from  Vierordt 
shows  this  very  well : — 


No.  of 
Depletion. 

First 

Amount  of 
each 
Depletion. 

Time  of  each 
Depletion. 

Investigation  was 
made  after  last 
Depletion. 

No.  of  Corpuscles  in 
1  c.nun.  of  Blood 
in  millions. 

Grnis. 
4 

Hour.  Min. 
1     47 

Min. 
0 

4612 

Second 

557 

1     50 

16 

4110 

Third 

68-4 

2      7 

20 

3737 

Fourth 

72-5 

2     29 

19 

3475 

Fifth 

961 

2     50 

16 

3743 

Sixth 

20-0 

3       8 

0 

3175 

Seventh 

27-3 

3     15 

0 

2371 

The  solids  of  the  blood  plasma  are  not  replaced  nearly  so  rapidly  as 
the  fluids,  and  therefore  the  specific  gravity  of  the  blood  falls.  Thus 
Davy  found  that  in  the  case  of  lambs  that  had  been  bled  to  death,  it  fell 
from  1024  to  1018 ;  and  in  the  case  of  oxen  it  fell  from  1027  to  1021. 
Lessor's  experiments  show  that  this  fall  takes  place  even  if  the  thoracic 
duct  be  ligatured,  and  therefore  the  fluid  which  makes  up  for  that  lost  by 
the  bleeding  must  come  directly  from  the  tissues.  The  withdrawal  of 
blood  from  the  body  is  said  to  increase  the  coagulating  power  of  that  which 
remains.  Cabot  states  that  if  less  than 

1  per  cent,  of  the  body  weight  is  lost,  complete  regeneration  of  the  blood 

takes  place  in  two  to  five  days. 
From  1  to  3  per  cent,  of  the  body  weight  is  lost,  complete  regeneration  of 

the  blood  takes  place  in  five  to  fourteen  days. 
From  3  to  4  per  cent,  of  the  body  weight  is  lost,  complete  regeneration  of 

the  blood  takes  place  in  fourteen  to  thirty  days. 

The  red  corpuscles  always  become  normal  in  number  before  they  do  in 
size,  shape,  and  colour ;  and  after  severe  bleeding,  nucleated  blood  cells 
may  frequently  be  seen,  but  their  appearance  is  irregular ;  sometimes  for  a 
few  hours  they  are  very  numerous,  then  they  disappear,  but  soon  reappear. 
There  is  always  some  leucocytosis  after  h&emorrhage,  but  it  is  rarely  great, 
and  the  white  cells  never  mount  to  more  than  38,000  per  cubic  millimetre 
— usually  they  only  number  from  16,000  to  18,000.  In  all  respects  the 
blood  regenerates  more  quickly  during  the  first  few  days  than  later. 

Bauer  states  that  when  the  loss  of  blood  has  been  considerable,  there  is 
an  increase  in  the  amount  of  urea  and  urine  excreted,  and  that  this  con- 
tinues even  when  no  more  than  the  usual  amount  of  fluid  is  ingested.  This 
statement  would  be  difficult  to  prove  or  disprove  in  the  human  subject, 
for  the  patients  who  are  bled  are  generally  so  ill  that  their  disease  will 
probably  have  profoundly  affected  their  urinary  excretion.  He  also 
concludes  that  "  in  consequence  of  venesection  the  decomposition  of 
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albumin  increases,  and  the  elimination  of  carbonic  acid,  on  the  contrary 
decreases."  From  this  he  infers  that  the  decomposition  of  fat  is  decreased. 
This  is  borne  out  by  the  experience  of  the  physicians  of  a  past  generation 
who  practised  bleeding  extensively,  for  their  belief  was  that  frequent 
blood-letting  undoubtedly  led  to  an  accumulation  of  fat.  In  health  the 
only  effect  upon  the  temperature  is  that  the  withdrawal  of  a  very  large 
amount  of  blood,  much  larger  than  is  usually  withdrawn  in  a  venesection, . 
leads  to  a  fall  of  temperature.  This  is,  of  course,  frequently  seen  after 
severe  losses  of  blood  from  cerebral  haemorrhage,  post-partum  haemorrhage, 
and  serious  accidents.  In  fever,  ordinary  venesection  certainly  reduces 
the  temperature.  It  is  stated  that  the  activity  of  the  bile  and  gastric 
juice  is  diminished.  The  loss  of  a  great  deal  of  blood  produces  well-known 
symptoms  of  disorder  of  the  nervous  system,  namely,  convulsions,  uncon- 
sciousness, loss  of  sensation  and  power,  dimness  of  vision,  dyspnoea,  and 
sometimes  Cheyne  Stokes  breathing. 

Turning  now  to  the  ordinarily  observed  effects  of  venesection,  the  loss 
of  a  moderate  amount  of  blood  produces  no  harmful  effects.  The  patient 
feels  some  lassitude,  and  perhaps  a  little  faintness,  followed  by  an  inclina- 
tion to  sleep.  The  pulse  tension  falls,  and  nowadays  enough  blood  is  not 
withdrawn  to  produce  other  effects  than  these,  except  those  which  are 
directly  beneficial  upon  the  disease  for  which  the  venesection  is  practised. 

Women  can  bear  a  greater  loss  of  blood  than  men.  Children  do  not 
bear  bleeding  well ;  the  abstraction  of  a  small  quantity  may  prove  fatal  in 
a  child  or  in  old  debilitated  people.  Usually  an  adult  loses  a  pound  of 
blood  before  syncope  is  produced ;  the  loss  of  half  the  total  blood  in  the 
body  (4  to  6  Ib.)  causes  death. 

In  olden  days,  when  the  same  patient  was  repeatedly  bled  to  a  large 
amount,  serious  symptoms,  solely  due  to  the  venesection,  were  frequently 
produced.  Marshall  Hall  gives,  as  the  immediate  effects  of  bleeding  :  pallor, 
syncope,  giddiness,  unconsciousness,  eructation,  and  sickness ;  the  respira- 
tions become  slow  and  deep,  the  pulse  is  slow  and  weak,  the  face  and 
general  surface  are  pale,  cool,  and  bedewed  with  perspiration.  As  the 
patient  recovers  there  may  be  slight  delirium  ;  he  then  yawns  and  sighs, 
and  says  he  feels  weak ;  gradually  he  regains  his  strength.  If  the  loss  of 
blood  has  been  very  severe,  recovery  is  characterised  by  an  excessive 
reaction,  in  which  the  heart's  action  is  rapid  and  irregular,  the  vessels 
throb,  there  is  pain  in  the  head,  intolerance  of  light,  noise,  or  any  kind  of 
disturbance,  the  patient  complains  of  noises  in  the  ears,  flashes  of  light, 
and  frightful  dreams.  There  may  be  delirium.  The  respiration  is  fre- 
quent, hurried,  and  accompanied  by  panting  and  sighing.  Sometimes 
there  is  amaurosis.  The  skin  may  be  very  hot,  and  the  temperature 
raised.  Fortunately,  venesection  is  never  now  carried  to  such  an  extent 
as  to  directly  kill  the  patient,  but  in  olden  days  it  was.  Patients  were 
bled  until  the  countenance  became  quite  pale  and  sunken,  the  breathing 
became  stertorous  and  gasping,  the  pulse  extremely  feeble  or  imperceptible, 
the  extremities  colder  and  colder,  the  patient  was  constantly  restless,  at 
length  his  strength  failed,  he  sank  and  died.  Eeaders  of  Marshall  Hall's 
book  will  find  several  cases  in  which  there  is  no  doubt  that  bleeding 
was  the  cause  of  the  death  of  the  patient.  The  unfortunate  mistake  was 
made  that  the  symptoms  just  described — especially  those  of  the  period  of 
reaction — were  thought  to  be  due,  not  to  the  venesection,  but  to  the 
disease  or  injury  from  which  the  patient  was  suffering.  From  this  it 
followed  that  the  more  marked  the  symptoms  of  the  loss  of  blood  became, 
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the  more  freely  did  his  doctors  bleed  him.  I  will  quote  only  one  case.  A 
man  who  fractured  three  ribs  was  brought  to  the  hospital  early  one  morn- 
ing; at  once  18  oz.  of  blood  were  withdrawn,  and  at  noon  20  more 
were  taken.  The  next  morning  18  more,  at  noon  another  18,  and  the 
same  in  the  evening.  The  third  morning  20  oz.  were  withdrawn.  The 
pulse  after  this  became  a  mere  flutter,  and  the  man  only  survived  a  few 
hours. 

Therapeutics. — We  will  now  pass  on  to  the  therapeutical  application 
of  venesection.  The  amount  of  blood  to  be  withdrawn  varies  very  much 
in  different  people.  The  haemorrhage  should  always  be  stopped  directly 
the  patient  begins  to  feel  at  all  faint ;  but  usually  enough  has  been  drawn 
before  this,  for  the  good  effects  of  the  venesection  are  very  quickly  manifest. 
There  are  extraordinary  differences  in  different  people  with  regard  to  their 
capability  of  enduring  venesection.  Thus  Marshall  Hall  says :  "  I  have 
known  a  patient,  not  apparently  very  feeble,  faint  on  losing  4  oz.  of  blood ; 
and  I  have  known  patients  bear  to  lose  50,  60,  and  even  70  oz.  of  blood 
without  syncope."  He  says  that  a  patient  should  never  be  bled  in  the 
recumbent  posture ;  for,  when  sitting  or  standing,  syncope  can  be  observed 
more  readily,  and  we  are  enabled  to  stop  the  bleeding  at  the  earliest  stage 
of  any  bad  effects.  It  so  happens  that  most  of  the  patients  whom  we 
bleed  at  the  present  day  are,  from  the  nature  of  their  malady,  sitting 
propped  up  in  bed,  so  that  we  follow  Marshall  Hall's  directions.  This, 
however,  must  not  prevent  our  watching  the  pulse  and  respiration,  and 
looking  out  for  any  signs  of  syncope. 

Nowadays  the  practice  of  venesection  is  limited  to  certain  diseases,  and 
is  employed  with  definite  objects,  formerly  all  diseases, and  even  injuries, 
were  treated  by  venesection,  not  for  any  good  reason,  but  quite  empirically, 
because  bleeding  was  the  fashion  of  the  time.  It  was  perhaps  most 
resolutely  employed  for  inflammatory  disorders  and  fevers.  We  now 
believe,  and  probably  correctly,  that  in  these  diseases  the  patient  requires 
all  his  blood  to  combat  the  evil  effects  of  the  micro-organisms  which  are 
the  cause  of  the  disease,  and  therefore  unless  strong  reasons  in  favour  of 
bleeding  can  be  brought  forward,  it  stands  condemned.  The  most  that 
could  ever  be  said  for  it  was  that  it  "  reduced  the  fever  " — in  other  words, 
it  was  an  antipyretic.  But  now  we  regard  antipyretics  of  no  use,  and  even 
harmful,  in  fevers ;  and  certainly  bleeding  is  a  very  pernicious  antipyretic, 
for  it  deprives  the  patient  of  his  blood,  produces  a  condition  of  collapse, 
and  the  temperature  mounts  again  very  quickly.  One  of  the  greatest 
advances  medicine  has  ever  made  was  that  made  when  indiscriminate 
bleeding  was  discarded. 

The  condition  which,  above  all  others,  is  nowadays  properly  admitted  to 
call  for  bleeding,  is  stagnation  of  blood  in  the  right  side  of  the  heart.  This 
arises  either  from  disease  of  the  heart,  disease  of  the  lungs,  or  impairment 
of  the  movements  of  respiration.  Bleeding  acts  by  directly  relieving  the 
tension  of  the  veins  and  of  the  over-distended  right  side  of  the  heart, 
thereby  enabling  them  to  work  again  properly  ;  and  indirectly  it  increases 
the  oxygenation  of  the  blood,  because  it  accelerates  the  flow  of  blood 
through  the  lungs.  The  most  important  guide  for  determining  whether 
to  bleed,  is  the  state  of  the.  venous  system.  If  the  veins  are  gorged  and  the 
patient  livid,  the  removal  of  from  10  to  15  oz.  of  blood,  or  even  more,  will- 
be  of  greater  use  than  any  drugs.  In  these  cases,  so  far  from  a  small  pulse 
being  taken  as  an  indication  against  bleeding,  it  calls  for  it,  because  it  shows 
that  not  much  blood  is  passing  through  the  lungs,  and  the  arterial  system 
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is  therefore,  comparatively  speaking,  empty.  As  Sir  Samuel  Wilks  says : 
"  You  see  your  patient  sitting  up  in  bed ;  the  face,  tongue,  and  lips  blue  or 
purple,  and  the  jugular  veins  starting  out  of  the  neck  and  often  visibly 
pulsating ;  the  heart  beating  quickly,  and  perhaps  a  tricuspid  bruit  indi- 
cating the  gorged  right  heart  and  obstructed  lung ;  the  veins  in  the  body 
are  full  to  bursting."  Often  a  single  venesection  will  suffice  to  act  like  a 
charm,  giving  the  whole  circulatory  apparatus  a  fresh  start ;  and  then  other 
treatment,  which  before  was  powerless,  will  be  of  use.  It  is  common  to 
see  patients  with  heart  disease,  who  do  not  derive  any  benefit  from  digitalis 
until  after  they  are  bled,  but  directly  after  they  have  been  bled  the  good 
effects  of  the  drug  become  apparent.  The  reason  for  this  is  that  it  cannot 
possibly  cause  the  right  side  of  the  heart  to  contract,  for  that  is  paralytically 
distended  with  blood.  Bleeding  withdraws  some  blood  from  it,  and  then 
the  digitalis  can  cause  good,  regular,  helpful  contractions.  The  rapidity 
with  which  benefit  follows  bleeding  in  these  cases  is  very  striking — even 
while  the  blood  is  flowing  the  patient  loses  his  lividity  and  restlessness,  and 
his  pulse  improves.  The  bleeding  must  not,  of  course,  be  carried  to  a 
dangerous  extent,  nor  should  it  be  repeated  so  frequently  as  was  formerly 
the  custom. 

Bronchitis. — The  disease  which  most  frequently  causes  engorgement  of 
the  right  side  of  the  heart,  and  therefore  cyanosis,  is  bronchitis,  especially 
when  it  is  chronic  and  complicated  by  an  acute  attack.  Thus  out  of 
Pye-Smith's  collection  of  forty-nine  cases  of  venesection,  thirteen  fell 
under  this  heading.  The  relief  in  these  cases  is  very  great,  and  often  it 
appears  to  save  the  patient's  life. 

Heart  disease. — The  next  most  common  cause  of  engorgement  of 
the  right  side  of  the  heart  is  disease  of  this  organ.  Almost  any  cardiac 
disease  may  call  for  bleeding.  Among  Pye-Smith's  forty-nine  cases,  eight 
were  examples  of  morbus  cordis,  two  were  instances  of  pericarditis,  and 
two  had  an  adherent  pericardium;  making  in  all  twelve  cases  in  which 
the  heart  was  affected.  These  patients  very  often  suffer  great  pain, 
orthopnosa,  and  distress;  they  are  remarkably  relieved  by  bleeding. 
Thus  the  report  of  one  case  says  the  bleeding  "  did  great  good,  and  he 
slept  that  night,  instead  of  kneeling  up  in  distress." 

Lobar  pneumonia. — There  has  been  great  discussion  as  to  whether  it  is 
desirable  to  bleed  in  lobar  pneumonia.  As  a  rule,  the  patient  is  better 
without  it ;  for  we  know  pneumonia  to  be  a  specific  fever,  and  we  have 
seen  that  bleeding  is  undesirable  in  these  diseases ;  and  further,  the  patient 
with  pneumonia  is  not  often  livid.  But  occasionally  he  is,  and  his  circu- 
lation is  hampered  because  his  blood,  being  unable  to  get  through  the 
lungs,  is  dammed  back  in  the  right  side  of  the  heart  and  in  the  veins. 
In  these  cases  of  pneumonia,  bleeding  is  of  the  greatest  benefit.  The 
patient  before  it  is  performed  is  cyanotic,  stupid,  drowsy,  and  apathetic ; 
after  bleeding  he  becomes  of  good  colour  and  clear  in  his  mind.  Bleed- 
ing is  most  efficacious  for  pneumonia  where  it  is  required  early  in  the 
disease. 

Other  conditions  in  which  the  right  heart  is  engorged  and  the  patient 
livid,  and  which  are  therefore  sometimes  relieved  by  bleeding,  are 
pneumothorax,  blood  in  the  respiratory  passages,  pleurisy,  and  malignant 
disease  of  the  lungs  or  pleura.  In  all  these  the  guide  to  bleeding  is  the 
lividity. 

Epilepsy. — In  epilepsy  the  patient  is  frequently  very  livid,  and  his  pulse 
is  small.  In  such  a  case  bleeding  often  does  very  great  good,  as  the  follow- 
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ing  quotation  from  Sir  Samuel  Wilks  will  show  :  "  We  were  informed  that 
he  had  never  been  out  of  a  fit  for  four  hours.  We  found  him  lying  in  bed, 
with  constant  convulsive  movements ;  but  the  most  striking  condition 
was  the  engorgement  of  his  lungs,  his  labouring  heart,  and  increasing 
lividity  of  the  surface  of  his  body.  I  requested  that  he  should  be  bled. 
The  blood  poured  out  in  a  torrent,  the  face  rapidly  became  pale,  the  man 
opened  his  eyes  and  spoke  for  the  first  time  since  the  morning,  the  interval 
having  been  a  blank  to  him." 

Bright's  disease. — The  next  group  of  diseases  for  which  bleeding  is  often 
successfully  performed  is  made  up  of  the  various  forms  of  Bright's  disease. 
Eleven  of  Pye-Smith's  forty-nine  cases  fell  under  this  head.  The  sufferer 
from  Bright's  disease  may  require  venesection  because  he  has,  secondarily, 
developed  some  condition  of  heart  or  lungs  that  calls  for  bleeding,  and  also 
he  may  be  suffering  from  urtemic  eclampsia,  in  which  case  he  may  benefit 
in  the  same  way  as  the  sufferer  from  epilepsy.  But  apart  from  these 
conditions,  bleeding  has  been  recommended  for  unemia,  for  a  high-tension 
pulse,  and  for  cerebral  haemorrhage.  Opinions  are  divided  as  to  its  use  in 
these  conditions.  Certainly  in  some  cases  it  appears  to  do  good.  It  has 
been  iirged  that  by  abstracting  blood  we  take  away  some  of  the  uraemic 
poison  circulating  in  the  blood ;  but  it  must  be  remembered  that  this  is  soon 
probably  replaced.  But  when  the  pulse  tension  is  high  and  there  is  head- 
ache, these  symptoms  are,  as  might  be  expected,  very  often  relieved  by 
bleeding,  as  also  are  the  uraemic  convulsions  with  which  this  high  tension 
and  headache  may  be  associated.  The  argument  that  is  commonly 
advanced  to  defend  bleeding  in  cerebral  haemorrhage  is,  that  by  reducing 
the  pulse  tension  we  diminish  the  force  with  which  the  blood  is  being 
poured  out  of  the  bleeding  cerebral  vessel.  Most  physicians,  however, 
hesitate  to  bleed  a  patient  from  the  arm  when  he  is  already  bleeding 
into  his  brain ;  but  it  should  be  remembered  that  cerebral  ha-niorrhage  is 
rarely  fatal  from  mere  loss  of  blood,  but  from  the  damage  that  the  blood 
does  to  the  nervous  tissues,  by  destruction  and  compression.  Probably, 
therefore,  there  are  cases  of  cerebral  haemorrhage  which  might  be  benefited 
by  venesection ;  but  no  general  rules  can  be  laid  down — each  case  must  be 
decided  on  its  own  merits. 

Aneurysm. — The  last  disease  we  need  mention,  and  for  which  vene- 
section is  nowadays  employed  with  benefit,  is  aneurysm  of  the  aorta. 
Very  often  free  bleeding  immediately  stops  the  fearful  pain  of  this  disease. 
Why  this  is  so  is  not  clear,  but  it  is  an  undoubted  fact.  Six  of  Pye- 
Smith's  forty-nine  cases  were  instances  in  which  venesection  was  per- 
formed for  aortic  aneurysm. 

Method. — The  person  about  to  be  bled  should  be  propped  up;  either 
the  bend  of  the  elbow  or  the  jugular  vein  is  the  best  to  choose  for  operation, 
preferably  the  former.  A  bandage  should  be  tied  round  the  arm  above 
the  elbow  tightly  enough  to  compress  the  veins,  but  not  so  as  to  obstruct 
the  brachial  artery.  The  patient  should  grasp  in  his  hand  something  on 
which  he  can  open  and  shut  it,  for  these  muscular  contractions  will  aid 
the  flow.  The  vein  selected  should  be  the  most  prominent  one  at  the  bend 
of  the  elbow.  It  should  be  steadied  with  the  thumb  of  the  left  hand 
which  is  holding  the  arm,  and  a  cut  with  a  lancet  must  be  made  into  its 
cavity  parallel  to  its  long  axis.  Some  vessel  ought  to  be  placed  under  the 
elbow  to  catch  the  blood,  and  when  sufficient  has  been  drawn  the  haemor- 
rhage can  be  stopped  with  a  pad  and  bandage.  Care  must  be  taken  not 
to  wound  the  brachial  artery. 
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LEECHES. 

The  application  of  leeches  is  a  method  of  local  bleeding  formerly 
much  used  in  cases  of  local  inflammation.  Broussa  is  said  to  have  used 
as  many  as  10,000  a  year  in  his  wards.  They  are  usually  applied  near 
the  diseased  part,  and  perhaps  they  are  most  often  used  for  the  following 
diseases.  One  or  two  are  applied  behind  the  ear  in  inflammation  of  the 
tympanitic  cavity.  Five  or  six  are  placed  over  the  liver  when  that  organ 
is  very  congested  and  painful,  as  it  often  is  in  bronchitis  or  mitral 
regurgitation.  The  same  number  are  placed  over  the  heart  in  pericarditis, 
or  over  the  caecum  in  typhlitis.  It  is  difficult  to  understand  how  they 
act.  Eeasonable  objections  may  be  urged  against  any  suggestions,  but 
certainly  they  are  often  of  benefit.  I  have  frequently  seen  pain  in  the  ear 
and  pain  in  the  liver  alleviated  by  the  application  of  leeches. 

The  spot  to  which  they  are  applied  ought  to  be  well  washed,  and  if  they 
do  not  at  once  bite  they  may  be  tempted  to  do  so  by  pricking  the  part  or 
by  putting  a  little  milk  on  it.  They  should  not  be  removed,  but  should  be 
left  until  they  fall  off.  Afterwards  the  bleeding  will  often  go  on  for  a 
short  time,  and  there  is  occasionally  some  difficulty  in  stopping  it.  They 
may  be  used  when  patients  will  not  allow  themselves  to  be  bled  from 
the  arm,  but  cyanosis  cannot  be  nearly  so  well  combated  by  leeches. 

ARTERIOTOMY  and  WET  CUPPING  are  so  rarely  used  now  that  they  need 
not  be  described. 

DRY  CUPPING  is  a  simple  procedure,  requiring  a  little  knack.  A  glass 
bell  is  taken,  into  it  a  lighted  piece  of  paper  is  put ;  directly  the  paper  goes 
out,  and  while  the  air  in  the  bell  is  still  expanded,  it  is  put  firmly  on  the 
desired  part  of  the  skin.  As  the  expanded  air  cools  and  contracts,  the  skin 
under  the  bell  swells  considerably  to  fill  the  partial  vacuum  created  in  the 
bell.  By  this  means  fluid  is  withdrawn  from  neighbouring  tissue.  Dry 
cupping  is  principally  applied  to  the  loins  for  nephritis,  and  Fagge  states 
that  it  may  give  great  relief  in  pneumothorax. 

It  has  been  recommended  that  when,  on  account  of  age  or  for  any  other 
reason,  bleeding  is  inadmissible,  rubber  bandages  should  be  tightly  applied 
to  the  legs  and  then  suddenly  undone,  for  by  this  means  a  rush  of  blood 
from  the  chest  to  the  lower  extremities  will,  it  is  thought,  take  place.  This 
method  is  rarely  used,  and  is  obviously  very  inferior  to  bleeding. 

TRANSFUSION  is  described  in  books  on  surgery  and  midwifery.  In 
medical  practice  a  saline  solution  of  a  drachm  of  common  salt  to  a  pint  of 
water,  boiled  and  subsequently  cooled  to  a  temperature  of  100°  F.,  is 
occasionally  transfused  into  a  vein  or  the  subcutaneous  tissue  when 
patients  are  extremely  collapsed  from  loss  of  blood  or  from  any  other 
cause.  Such  losses  of  blood  as  that  from  the  stomach  in  cirrhosis  or 
gastric  ulcer  may  occasionally  be  benefited.  It  is  true  that  we  might 
expect  that  if  the  bleeding  vessel  were  not  plugged,  the  saline  solution 
would  pour  from  it  as  fast  as  it  went  into  the  vein,  and  therefore  it  is 
perhaps  well  not  to  employ  transfusion  unless  the  case  is  desperate ;  but,  in 
spite  of  these  considerations,  some  patients  who  have  lost  a  great  deal  of 
blood  certainly  appear  to  be  improved  by  it.  Sidney  Phillips  has  em- 
ployed it  for  the  collapse  often  seen  in  the  third  week  of  typhoid,  quite 
apart  from  any  haemorrhage.  The  saline  solution  may  be  thrown  into  any 
vein,  but  one  of  those  at  the  bend  of  the  elbow  is  usually  preferred.  It  is 
best  done  with  a  cannula  and  syringe  sold  for  the  purpose,  but  in  an 
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emergency  any  syringe  that  is  handy  will  do.  About  2  pints  is  a  usual 
quantity  to  inject.  This  treatment  will  sometimes  temporarily  rouse  those 
suffering  from  diabetic  coma. 
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THE  EFFECTS  OF  BEST,  EXEKCISE,  AND  BATHS  ON  CASES 
OF  CHRONIC  HEAET  DISEASE. 

IN  considering  the  general  management  of  chronic  heart  disease,  it  is 
impossible  to  dissociate  the  heart  from  the  lungs.  They  co-operate  with 
the  heart  as  a  necessary  part  of  the  mechanism  of  circulation  ;  and  if  from 
any  cause  the  physiological  end  of  respiration  be  not  attained  (as  in 
CO  poisoning),  the  cardiac  muscle  soon  ceases  to  contract.  Most  cases  of 
chronic  heart  disease  take  the  form  of  obstructions  to  the  circulation. 
Emphysematous  lungs,  and  a  cardiac  muscle  which  acts  too  feebly,  are 
no  exceptions. 

The  sufferer  from  mitral  disease  comes  into  the  hospital  with  cough, 
shortness  of  breath,  and  general  oedema,  and  after  a  few  weeks'  treatment 
leaves  with  his  health  sufficiently  recovered  to  enable  him  to  return  to  his 
work.  On  admission  the  patient  is  often  in  danger  of  imminent  death,  by 
reason  of  the  dilated  ventricles  and  the  redematous  lungs.  Absolute  rest 
is  the  only  condition  possible,  for  the  patient  is  incapable  of  exertion. 

Position. — The  position  of  the  patient  is  all-important.  There  is  in- 
ternal and  external  dropsy,  and  the  water  accumulated  in  the  cellular 
plains  and  serous  cavities  of  the  body  tends  quite  mechanically  to  flow 
to  the  lowest  part.  After  some  hours  in  bed,  we  find  the  hugely  swollen 
legs  have  fined  down,  and  the  sacral  region  and  the  flanks  are  the  main 
seat  of  the  dropsy.  In  these  cases  we  should  endeavour  to  keep  the 
thorax  as  high  as  possible,  and  the  legs  as  low  as  is  compatible  with 
a  condition  of  complete  repose.  The  swollen  legs  and  feet  alarm  the 
patient,  but  it  is  the  oedematous  lungs  and  the  dropsy  of  the  pleura 
and  pericardium  which  constitute  his  most  urgent  danger.  These  patients 
generally  say  that  they  are  "  easier  "  when  sitting  up  than  when  in  bed, 
and  for  the  obvious  reason  that  the  exuded  fluids  flow  to  the  most 
dependent  parts,  and  leave  the  thoracic  organs  free.  If  the  patients 
can  be  placed  on  a  couch  which  is  constructed  in  sections  and  hinged, 
so  that  the  neck,  back,  thighs,  and  legs  can  be  maintained  at  any  angle 
and  at  any  level  desired,  their  comfort  is  greatly  enhanced,  and  their 
chances  of  relief  increased.  Some  of  these  cases  do  very  well  if  the  body 
be  drained  by  incisions  made  in  the  ankles,  and  such  cases  are  most 
instructive,  as  affording  evidence  that  not  only  the  subcutaneous  tissues, 
but  the  serous  cavities  as  well,  may  be  drained  through  the  feet.  In 
a  favourable  case  we  may  see  the  delicate  outlines  of  the  face  emerge  from 
the  bloatedness  which  sinks  downwards,  the  breathing  becomes  slower  and 
more  free,  the  physical  signs  of  hydrops  pericardii  and  hydrothorax  dis- 
appear, the  abdominal  wall  fines  down,  the  peritoneum  empties,  and,  with 
the  decreasing  tension  of  the  abdominal  dropsy,  the  kidneys  begin  to  act 
with  vigour,  and  a  copious  flow  of  urine  soon  completes  the  cure  of  the 
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patient's  dropsy.  On  examining  these  cases,  we  often  find  that  the  amount 
of  fluid  exuded  in  one  pleural  cavity  is  much  greater  than  in  the  other,  and 
on  inquiry  we  find  that  the  pleura  which  is  most  dropsical  is  on  that  side 
of  the  body  upon  which  the  patient  sleeps.  By  encouraging  him  to  adopt 
a  different  posture,  we  may  often  succeed  in  emptying  the  pleura  into 
which  fluid  had  been  allowed  to  gravitate. 

Sufferers  from  cardiac  dropsy  are  bad  subjects  for  operative  procedures, 
however  slight,  and  it  is  well  known  how,  in  spite  of  the  greatest  'care  with 
regard  to  asepsis,  the  punctures  and  incisions  which  it  may  be  necessary 
to  make  in  the  legs  give  rise  to  erythematous  swelling  or  genuine 
erysipelas.  A  needle  prick  is  not  to  be  lightly  inflicted  upon  these  sub- 
jects, in  whom  it  is  most  desirable  to  keep  a  whole  skin  if  possible,  and 
the  removal  of  fluid  from  a  pleural  cavity  by  paracentesis  ought  not  to 
be  undertaken  until  the  effect  of  posture  has  been  tried. 

Rest. — The  effect  of  rest  is  quite  as  marked  in  these  cases  as  are  the 
effects  of  posture.  The  overtaxed  heart  speedily  recovers  when  the  patient 
is  placed  in  bed  in  a  condition  of  absolute  repose,  so  that  the  heart  has  to 
grapple  only  with  the  internal  work  of  the  body.  In  a  favourable  case  one 
may  observe  how,  with  rest  only  and  without  a  dose  of  medicine  of  any 
kind,  the  dyspnoea  subsides,  the  oedema  vanishes,  the  flow  of  urine  from 
being  scanty  becomes  copious,  and  all  the  functions  of  the  body  return  to  a 
condition  of  health  which  is  more  or  less  absolute.  The  physical  signs  of 
heart  disease  in  these  cases  necessarily  undergo  great  changes.  The  beat 
is  less  diffused,  the  thrill  may  cease  to  be  felt,  the  area  of  cardiac  dulness 
diminishes  both  to  right  and  left,  and  the  murmurs  may  lessen  in  intensity 
to  a  degree  which  largely,  of  course,  depends  upon  the  initial  deformity  of 
the  valves. 

It  is  necessary  to  insist  that  in  these  cases  the  rest  must  be  absolute. 
It  is  not  enough  to  tell  the  patient  to  "keep  quiet"  or  to  "keep  to  his  room." 
He  must  keep  to  his  bed,  and  receive  all  the  attentions  of  a  nurse.  He 
must  be  put  in  a  position  of  the  greatest  comfort  and  repose,  and  must 
submit  to  be  washed,  to  allow  the  bowels  to  act  into  a  bed-pan,  and  to  pass 
his  urine  into  a  bottle.  Unless  this  be  done,  there  is  great  risk  that  some 
muscular  effort  lasting  a  few  seconds  may  undo  the  work  of  several  hours 
of  rest.  It  is  instructive  to  note  how  in  these  cases  a  little  brusque  move- 
ment in  bed  will  sometimes  induce  urgent  and  alarming  dyspnoea.  Any- 
thing approaching  muscular  effort  must  be  avoided.  By  muscular  effort 
the  writer  means  such  an  act  as  necessitates  the  holding  of  the  breath,  and 
which  makes  the  veins  on  the  forehead  stand  out  in  bold  relief.  It  may 
be  urged  that  it  is  practically  needless  to  caution  such  a  patient  with  regard 
to  these  efforts ;  but  it  must  be  remembered  that  very  slight  muscular 
exertion  produces  effort  in  a  patient  with  a  damaged  heart,  and  that  "  effort " 
of  a  serious  kind  most  trying  to  weak  ventricles  is  often  engendered  by 
straining  at  stool.  It  is  most  important  to  caution  both  patient  and  nurse 
that  straining  at  stool  is  under  no  circumstances  to  be  permitted,  and  that 
recourse  must  be  had  to  mild  laxatives  and  enemata  in  case  of  necessity. 

Diet. — The  diet  of  these  patients  requires  very  careful  management. 
The  friends  are  alarmed  by  the  dyspnoea  and  prostration,  and  the  patient 
is  often  plied  with  the  richest  soups  and  the  strongest  wines  or  spirits,  for 
which  he  has  no  appetite  whatever.  To  one  who  reflects  on  the  dark  con- 
gested stomach  and  bowels,  the  engorged  nutmeg  liver,  the  cedematous 
bowels,  and  the  kidneys  too  congested  to  act,  it  will  appear  very  unlikely 
that  peptonisation,  absorption,  metabolism,  or  elimination  can  be  forwarded 
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by  such  viscera,  and  he  will  remember  that  if  food  should  undergo  fer- 
mentation in  the  stomach  and  bowels  and  generate  gas,  that  the  diaphragm 
may  be  pushed  upwards,  and  the  action  of  the  heart  and  lungs  be  still 
further  encumbered  by  food  which,  in  his  present  condition,  cannot  possibly 
nourish  his  patient  and  give  strength.  A  spoon  diet  (not  necessarily  liquid) 
of  the  lightest  kind,  in  small  quantities  and  at  frequent  intervals,  is  indicated. 

In  patients  who  have  a  fair  power  of  recuperation,  a  few  days  of  the 
regime  above  indicated  will  often  produce  a  remarkable  change,  towards 
which  the  judicious  administration  of  drugs  may  be  made  to  contribute. 
If  the  writer  is  silent  as  to  the  selection  of  cardiac  tonics,  laxatives,  and 
hydragogue  cathartics,  it  is  not  because  he  undervalues  them,  but  because 
they  are  beyond  the  scope  of  the  present  article. 

Passive  movements  and  massage.  —  In  health  the  movements  of 
the  joints  and  muscles  of  the  body  are  important  aids  to  the  circulation, 
and  it  will  be  found  that  in  those  cases  in  which  the  slightest  voluntary 
muscular  exercise  produces  dyspnoea,  that  passive  movements  and 
gentle  and  judicious  massage  is  capable  of  doing  good.  But  great  care 
must  be  exercised,  and  the  movements  and  manipulations  must,  to  begin 
with,  be  so  gentle  that  they  would  scarcely  arouse  a  sound  sleeper.  Any- 
thing like  violent  or  prolonged  rubbing  is  not  to  be  thought  of,  for  if 
the  patient  be  excited  and  rendered  breathless,  or  if  the  tender  skin  be 
abraded,  or  the  cedematous  tissues  bruised,  it  is  certain  that  harm  will 
result.  The  medical  man  in  attendance  will  do  well  to  perform  the  passive 
movements  himself,  or  to  be  present  on  the  first  few  occasions  of  their  being 
employed.  The  hand  of  the  operator  may  be  greased,  and  the  legs  must 
be  gently  rubbed  two  or  three  times  only  towards  the  trunk;  and  the 
ankles,  knees,  and  hips  be  flexed  and  extended  without  using  any  undue 
force,  and  always  short  of  giving  pain  or  discomfort  to  the  patient.  The 
condition  of  the  patient  must  be  the  index  of  the  degree  to  which  this 
method  of  treatment  must  be  pushed,  and  it  must  be  explained  to  those  in 
charge  of  the  patient  that  time  is  a  necessary  element  in  his  recovery,  and 
that  the  trop  de  z&le  on  the  part  of  the  masseur  or  masseuse  may  do  harm 
rather  than  good. 

The  physician  must  determine  when  the  regimen  of  absolute  repose  is 
to  give  place  to  the  regimen  of  gentle  and  graduated  exercise.  A  large 
number  of  persons  who  suffer  from  slight  mitral  or  aortic  regurgitation  are 
almost  unconscious  of  any  cardiac  defect,  and  all  that  is  necessary  in  such 
cases  is  to  warn  the  patients  not  to  overtax  their  hearts  by  getting  out  of 
breath,  to  avoid  hurrying,  and  to  avoid  all  games  of  competition.  It  is 
very  necessary  that  these  patients  should  retain  absolute  control  of  the 
amount  of  exercise  which  they  choose  to  take.  In  games  of  competition 
this  is  not  the  case,  because  the  player  is  in  honour  bound  to  run  or  exert 
himself  to  the  utmost  for  the  good  of  his  "  side."  The  exercise  which  is  bene- 
ficial for  these  patients  must  always  stop  short  of  breathlessness  or  effort. 

In  persons  past  middle  age,  in  whom  the  tendency  to  breathlessness  is 
considerable,  it  is  of  great  practical  use  to  insist  that  his  bedroom  be  on 
the  same  floor  as  his  living  rooms,  or,  at  all  events,  that  he  be  saved  the 
exertion  of  raising  his  body  vertically.  It  is  also  of  importance  that  the 
ground  round  his  house  be  tolerably  level,  in  order  that  he  may  obtain 
gentle  walking  exercise  in  the  open  air.  Every  cyclist  knows  what  an 
instant  demand  is  made  upon  his  muscles  by  the  most  trivial  ascent  of  the 
road,  and  it  must  be  remembered  that  raising  the  body  vertically  is  said  to 
entail  twenty  times  the  labour  of  walking  the  same  distance  horizontally. 
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Exercises. — Nevertheless  it  is  true  that  if  the  tone  of  the  cardiac 
muscle  is  to  be  maintained  or  to  be  improved,  exercise  is  as  necessary 
for  it  as  for  every  other  muscle  in  the  body,  and  it  has  undoubtedly  been 
a  gain  to  cardiac  therapeutics  that  the  value  of  regulated  exercises  has 
been  recognised.  But  it  must  be  remembered  that  the  heart  is  never  still, 
and  that  the  strength  and  number  of  its  contractions  are  to  a  very  great 
extent  beyond  our  control.  Most  persons,  except  the  very  aged,  have  an 
instinctive  appetite  for  exercise,  and  it  is  more  often  necessary  to  place 
limits  to  the  amount  of  exercise  permissible  for  cases  of  heart  disease  than 
to  prescribe  additional  muscular  work.  The  knowledge,  the  judgment,  and 
the  experience  of  the  physician  are  needed  to  determine  whether,  in  the 
case  of  any  individual,  good  or  harm  is  being  done  by  exercise.  This  can 
only  be  determined  by  a  careful  examination  of  the  heart  and  the  patient 
generally.  The  careful  graduation  of  exercise  in  cases  of  chronic  heart 
disease  has  been  studied  with  great  minuteness  by  Oertel  and  the  brothers 
Schott  of  Nauheim. 

Oertel  originally  gave  his  patients  graduated  exercise  by  making  them 
do  a  definite  amount  of  gentle  walking.  Some  patients  walked  along  the 
level,  others  up  hills  of  varying  inclination,  some  walked  for  a  little  while 
with  frequent  rests,  others  for  longer,  some  once  a  day,  some  oftener,  and 
so  by  varying  these  details,  and  at  the  same  time  carefully  examining  the 
patient,  the  physician  is  able  so  to  graduate  the  patient's  exercise  that  he 
shall  do  just  enough,  and  yet  not  too  much,  to  improve  the  cardiac  muscle. 

The  exercises  which  have  been  devised  by  Schott  of  Nauheim  are  quite 
different,  for  the  patient  makes  movements  against  resistance.  They  are 
graduated  with  such  nicety  that  they  have  to  be  "  administered "  by  an 
operator,  and  the  physician,  as  in  all  cases  of  personal  therapeutics,  will 
have  to  closely  watch  the  interests  of  his  patient  in  more  senses  than  one. 

The  nature  of  the  Schott  exercises  is  minutely  described  by  Thorne, 
who  gives  a  series  of  illustrations.  These  movements  are  designed  to  bring 
into  action  the  various  muscles  of  the  limbs  and  trunk  seriatim,  and  every 
movement  is  gently,  firmly,  and  uniformly  "  resisted "  by  the  attendant, 
with  the  object  apparently  of  bringing  the  muscular  groups  into  complete 
action.  If,  for  example,  the  patient  is  flexing  the  wrist,  elbow,  knee,  or 
hip,  the  operator  will  with  his  hand  resist  the  flexion,  so  that  it  will  be 
harder  work  for  the  patient  to  accomplish  it.  According  to  the  amount 
of  resistance  offered  by  the  operator,  so  the  amount  of  exercise  taken  by 
the  patient  can  be  graduated  to  a  nicety.  It  is  obvious  that  the  move- 
ments which  may  be  devised  so  as  to  be  conveniently  resisted  are  very 
numerous.  The  rules  laid  down  as  applicable  to  the  whole  series  of  Schott 
movements  are  as  follows : — (1)  Eacli  movement  is  to  be  performed  slowly 
and  evenly,  that  is,  at  a  uniform  rate ;  (2)  no  movement  is  to  be  repeated 
twice  in  succession  in  the  same  group  of  muscles;  (3)  each  single  or 
combined  movement  is  to  be  followed  by  an  interval  of  rest ;  (4)  the 
movements  are  not  to  be  allowed  to  accelerate  the  patient's  breathing,  and 
the  operator  must  watch  the  face  for  the  slightest  indications  of — 
(a)  dilatation  of  the  aloe  nasi,  (Z>)  drawing  of  the  corners  of  the  mouth, 
(c)  duskiness  or  pallor  of  the  cheeks  or  lips,  (d)  yawning,  (e)  sweating,  and 
(/)  palpitation ;  (5)  the  appearance  of  either  of  the  above  signs  of  dis- 
tress should  be  the  signal  for  immediately  interrupting  the  movement  in 
process  of  execution,  and  for  either  supporting  the  limb  which  is  being 
moved,  or  allowing  it  to  subside  into  a  state  of  rest ;  (6)  the  patient  must 
be  directed  to  breathe  regularly  and  uninterruptedly,  and  should  he  find 
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any  difficulty  in  doing  so,  or  for  any  reason  show  a  tendency  to  hold  his 
breath,  he  must  be  instructed  to  continue  counting,  in  a  whisper,  during 
the  progress  of  each  movement ;  (7)  no  limb  or  portion  of  the  body  of  the 
patient  is  to  be  so  restricted  as  to  compress  the  vessels  and  check  the  flow 
of  blood. 

Of  the  above  rules,  those  numbered  4.  5,  and  6  seem  intended  for  the 
avoidance  of  what,  following  Lagrange,  the  writer  of  this  article  has  spoken 
of  as  "  effort,"  and  there  can  be  no  doubt  that  the  rules  are  most  important, 
and  their  observance  constitutes  an  important  safeguard  against  doing  the 
patient  injury  by  overtaxing  his  heart.  The  good  which  has  resulted  from 
exercises  of  this  kind  in  many  cases  is  undoubted,  and  the  applicability  of 
this  method,  and  the  success  to  be  expected  from  it,  would  probably  be 
greatest  in  those  who  are  ana-mic,  flabby,  and  neurotic,  with  a  minimum 
amount  of  valvular  deformity. 

Bathing. — At  Nauheim  (see  p.  860)  and  elsewhere  the  movement  cure 
has  been  accompanied  by  bathing  in  mineral  water  of  a  temperature  ranging 
from  94°  F.  or  95°  F.  downwards.  The  Nauheini  waters  contain  from  35  to 
12  parts  of  solids  (chiefly  sodium  chloride)  per  1000,  and  it  is  not  quite  clear 
what  part  the  saline  ingredients  play  in  the  therapeutic  results  obtained.  It 
is  well  known,  however,  that  sea- water  and  stronger  brines  have  a  certain 
stimulating  effect  upon  the  skin,  and  a  power  of  dilating  the  capillaries  of 
the  skin  even  at  low  temperatures,  which  is  not  possessed  by  spring  water. 
Cold  baths,  and  to  a  less  extent  tepid  baths,  if  below  the  temperature  of 
the  body,  are  pleasantly  refreshing,  and  it  is  a  common  experience  that  a 
cold  bath  has  a  most  bracing  and  reviving  influence  upon  a  man  who  is  jaded 
and  tired  as  the  result  of  a  night  out  of  bed  or  a  long  journey.  Baths, 
whether  cold  or  hot,  produce  an  instant  stimulation  of  the  skin  and  con- 
traction, followed  by  a  dilatation  of  the  cutaneous  capillaries.  The  hot 
bath  produces  a  much  shorter  contraction,  and  a  much  more  pronounced 
and  longer  dilatation  of  the  capillaries,  than  the  cold  bath.  The  intense 
redness  of  the  skin,  as  the  result  of  a  hot  bath,  is  so  marked,  and  the 
amount  of  blood  diverted  to  the  surface  capillaries  is  so  great,  that  hot 
baths  in  former  days  have  been  used  "  to  faintness  "  for  various  purposes. 
As  a  general  rule,  it  may  be  stated  that  hot  bathing,  owing  to  its  tendency 
to  produce  syncope,  is  most  dangerous  in  all  forms  of  heart  disease,  and  is 
not,  under  any  circumstances,  to  be  recommended.  It  seems  to  be-  a  law 
of  therapeutics  that  "  action  and  reaction  are  equal  and  opposite,"  and  it 
must  be  remembered  that,  even  when  cold  baths  are  used,  the  initial  con- 
traction of  the  surface  capillaries  is  followed  by  marked  dilatation.  Who 
has  not  experienced  the  pleasant  glow  that  follows  a  cold  plunge  ?  When 
we  are  asked  by  patients  whether  they  may  continue  the  practice  of  taking 
a  cold  morning  bath,  we  are  guided  in  our  reply  by  the  occurrence  or 
otherwise  of  a  "  good  reaction."  The  occurrence  of  the  reaction  seems  to 
depend  upon  the  temperature  of  the  bath  and  the  time  of  immersion. 
If  the  bath  be  too  cold,  and  the  immersion  too  prolonged,  the  desired 
reaction  is  long  delayed.  It  is  not  possible  to  lay  down  absolute  rules  in 
this  respect  even  for  healthy  individuals,  and  it  behoves  us  to  be  very 
cautious  in  making  similar  recommendations  to  patients  with  heart  disease, 
in  whom  reaction  is  often  a  difficulty.  There  can  be  no  doubt  that  the 
presence  of  saline  ingredients  helps  reaction,  and  experience  seems  to  prove 
that  a  temperature  of  about  90°  F.,  and  an  immersion  from  five  to  eight 
minutes,  is  one  which  is  tolerated  by  the  majority.  It  is  important  to 
remember  that  when  such  baths  are  recommended  for  patients  with  heart 


BATHING.  925 

disease,  an  attendant  should  always  be  present  to  watch  the  effect,  and  to 
save  the  patient  from  violent  efforts  of  any  kind.  The  bath  should  be 
followed  by  a  period  of  rest  in  bed  or  on  a  couch. 

I  have  watched  the  effects  of  baths  of  this  kind  (90°  F.  for  eight 
minutes)  on  many  patients  in  University  College  Hospital,  and  all  the 
patients  have  expressed  themselves  as  feeling  "  better "  for  them.  All 
were  the  subject  of  serious  heart  disease,  with  well-marked  valvular 
lesions,  and  all  of  them  improved  during  their  stay  in  hospital.  Some 
of  them  had  experienced  similar  improvement  during  previous  sojourns 
in  the  hospital,  and  some  of  them  were  taking  cardiac  tonics  in 
addition  to  the  treatment  by  baths.  What  I  want  to  emphasise  is  the 
fact  that  all  the  patients  enjoyed  the  baths,  and  were  anxious  for  their 
continuance.  This  is  a  point  which  should,  I  think,  always  be  inquired 
into.  One  of  my  patients,  the  subject  of  aortic  disease,  with  a  very  big 
heart,  both  hypertrophied  and  dilated,  was  so  breathless  and  weak  that  we 
had  the  bath  brought  to  his  bedside  and  lifted  him  into  it.  During  his 
first  bath  he  had  an  anginal  attack,  which  made  us  lift  him  instantly  from 
the  bath  to  the  bed.  This  occurrence  made  me  unwilling  to  repeat  the 
experiment  of  bathing.  I  should  not  have  done  so  had  not  the  patient 
asked  for  a  repetition,  because  he  felt  the  better  for  his  bath.  Un- 
fortunately this  sufferer  was  well  accustomed  to  anginal  attacks,  and 
certainly  their  recurrence  got  less  and  less  frequent  as  he  improved.  They 
never  occurred  in  the  bath  but  once. 

A  curious  phenomenon  connected  with  the  treatment  of  heart  disease 
by  cold  bathing  and  exercises,  has  been  the  diminution  of  the  area  of 
cardiac  dulness.  This,  when  it  occurs,  takes  place  within  a  few  minutes 
of  the  immersion  in  the  bath  or  the  commencement  of  the  resisted 
exercises.  When  the  bath  or  the  exercises  are  at  an  end,  the  cardiac 
dulness  resumes  its  former  dimensions,  or  nearly  so,  and  in  those  cases 
which  improve  most  under  the  treatment  now  being  discussed,  the 
area  of  cardiac  dulness  undergoes  a  progressive  diminution  for  some 
weeks.  In  some  cases  the  position  of  the  apex  beat  has  been  noticed 
to  move  inwards  as  the  area  of  cardiac  dulness  lessens.  So  far,  how- 
ever, as  the  writer's  observations  go,  the  movement  of  the  apex  beat  has 
either  not  occurred,  or  has  been  very  much  less  marked  than  the  diminu- 
tion of  the  cardiac  dulness.  It  is  tolerably  certain  that  this  rapid  diminu- 
tion in  the  cardiac  dulness,  and  its  almost  equally  rapid  re-enlargement, 
can  only  in  small  degree  be  caused  by  a  diminution  of  the  size  of  the 
heart.  The  writer  has  pointed  out  elsewhere  that  the  capacity  of  a  sphere, 
the  diameter  of  which  is  lessened  from  6  in.  to  4  in.,  would  be  reduced  to 
something  like  one-fourth  of  its  former  capacity,  a  reduction  in  size  which 
is  relatively  so  enormous,  that  it  is  impossible  to  believe  that  a  similar 
reduction  can  take  place  in  the  capacity  of  a  spheroidal  organ  like  the 
heart,  without  encumbering  the  circulation  to  a  degree  which  would  be 
scarcely  compatible  with  life.  The  main  cause  of  this  diminution  is 
undoubtedly  caused  by  the  extra  inflation  of  the  upper  part  of  the  lungs, 
and  the  consequent  obscuration  of  the  cardiac  dulness.  One  of  the 
commonly  recognised  results  of  immersion  in  water  below  the  temperature 
of  the  body  is  the  sudden  increase  of  inspiratory  effort,  and  in  a  person 
with  the  abdomen  and  lower  part  of  the  thorax  immersed,  and  the  upper 
part  of  the  thorax  free,  such  inspiration  might  be  expected  to  be  thoracic 
rather  than  diaphragmatic,  because  the  diaphragm  is  "  loaded  "  by  the 
pressure  of  the  water  in  which  the  abdomen  is  immersed. 
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Some  recent  experiments  of  Leonard  Hill's  show  how  important  is  the 
pressure  of  water  on  the  body  in  its  influence  on  the  circulation.  When  a 
chloralised  rabbit  is  held  in  the  vertical  position,  it  is  found  that  the  blood 
pressure  steadily  falls  after  ten  minutes  or  so,  the  respirations  fail,  and  the 
animal  passes  into  syncope.  "  Compression  of  the  abdomen  will,  at  this 
point,  immediately  restore  the  circulation,  and  remove  the  condition  of 
syncope.  The  same  end  can  equally  well  be  attained  if  the  body  of  the 
animal  be  sunk  in  a  bath  of  water.  On  doing  so,  the  arterial  pressure  at 
once  rises  almost  to  its  normal  level,  the  heart  fills,  and  the  respiration 
recommences.  These  conditions  continue  constant  so  long  as  the  animal 
hangs  in  the  bath."  "  However,  on  the  removal  of  the  water,  the  circula- 
tion once  more  begins  to  fail,  the  central  circulation  ceases,  the  heart 
empties,  and  the  animal  dies." 

Edgecombe  and  Bain,  working  with  the  hsemadynamometer  of  G. 
Oliver,  have  shown  that  the  immediate  effect  of  a  cold  bath  for  two 
minutes  is  to  raise  the  arterial  pressure  and  lower  the  venous  pressure,  an 
effect  which  is,  with  reason,  attributed  by  the  authors  to  peripheral 
arteriolar  contraction.  Ten  minutes  after  the  bath,  when  reaction  sets  in, 
the  arterial  pressure  falls  below  the  normal.  A  very  hot  bath  (43°  C.  for 
ten  minutes)  produced  an  immediate  fall  of  both  arterial  and  venous 
pressure,  due  probably  to  dilatation  of  the  arterioles,  and  consequent 
increased  capacity  of  the  vascular  system.  A  still  "  Nauheim "  bath 
continued  for  twenty  minutes  (temperature,  34°  C.)  produced  a  fall  of 
arterial  pressure  and  a  rise  of  venous  pressure,  and  if  the  bath  were 
aerated  with  carbonic  acid  this  effect  was  intensified.  Further,  it  appeared 
to  the  authors  that  the  amount  of  arteriolar  dilatation  caused  by  warm 
baths  was  in  some  degree  proportional  to  the  amount  of  saline  material 
dissolved  in  the  water.  "  Up  to  what  point  of  concentration,"  they  say, 
"  the  augmentation  continues,  we  have  not  been  able  to  determine." 

The  authors  conclude  that  the  net  result  of  general  massage  is  to 
produce  a  fall  in  arterial  pressure,  provided  the  abdomen  be  not  massaged 
too  vigorously.  Deep  massage  and  compression  of  the  abdomen  causes 
an  immediate  rise  in  blood  pressure,  by  dispersion  of  blood  accumulated 
in  the  splanchnic  veins  into  the  systemic  circulation.  The  effects  of 
exercise  upon  blood  pressure  are  more  difficult  to  gauge  with  accuracy ;  but 
the  authors  conclude  that  they  are  proportionate  to  the  severity  of  the 
exercise.  In  all  forms  an  inital  rise  in  arterial  pressure  occurs ;  if  the 
exercise  be  mild,  a  fall  occurs  during  its  continuance ;  if  severe,  the  rise  is 
maintained.  After  exercise,  moderate  or  severe, -a  fall  takes  place.  The 
Venous  pressure  is  raised  during  all  forms  of  exercise,  and  remains  raised 
during  the  subsequent  arterial  fall.  The  return  to  normal  after  exercise 
takes  place  more  or  less  rapidly,  according  to  the  gentleness  or  severity  of 
the  exercise  and  the  temperature  of  the  atmosphere. 
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CLIMATE. 

THE  climate  of  a  locality  has  been  defined  by  Sir  Herman  Weber  as  the 
sum  of  those  influences  which  act  upon  the  life  of  organic  beings  through 
the  air,  soil,  or  water  of  a  district.  In  estimating  the  action  of  a  climate 
upon  diseased  conditions,  we  must  first  consider  how  these  factors  influence 
the  organism  in  health,  and  to  what  extent  they  affect  the  course  and 
symptoms  of  disease.  To  consider  these  factors  more  in  detail,  we  are  first 
concerned  with  the  atmosphere.  This  may  be  considered  as — (1)  its 
composition ;  (2)  its  temperature ;  (3)  its  sunlight ;  (4)  its  humidity ;  (5) 
the  amount  of  wind. 

Composition. — The  changes  in  the  composition  of  the  air  which  concern 
us  are  largely  those  which  are  brought  about  by  the  congregation  of  human 
beings,  namely,  the  proportion  of  carbonic  acid  to  oxygen  and  the  amount 
of  floating  organic  matter  in  the  air.  Pettenkofer's  experiments  show 
that  whereas  the  proportion  of  carbonic  acid  in  the  air  is  3'5  per  10,000, 
this  proportion  may  be  raised  to  20  per  10,000  in  crowded  schools.  As  a 
general  rule,  the  amount  of  carbonic  acid  in  the  atmosphere  rises  in  direct 
ratio  to  the  density  of  population.  Pari  passu  with  this  rise  in  the 
proportion  of  carbonic  acid  we  have  a  corresponding  increase  in  the 
amount  of  organic  matter  in  the  air.  This  organic  matter  consists  in 
fragments  of  silica,  wool,  algse,  moulds,  and,  most  important  of  all,  bacteria. 
As  regards  the  influence  of  climate  upon  disease,  and  above  all  upon 
phthisis,  this  proportion  of  bacteria  in  the  air  is  of  greater  importance 
than  any  other  factor.  Poore  has  shown  that  the  death-rate  from  phthisis 
rises  in  direct  ratio  to  the  density  of  population.  Consequently  the 
essential  factor  in  a  health  resort  must  be  purity  of  the  atmosphere. 
Temperature,  humidity,  and  sunlight  all  have  their  value,  but  they  are 
subsidiary  to  purity  of  the  air. 

Temperature. — Turning  now  to  the  question  of  temperature,  we  have  to 
consider  the  effect  of  heat  and  cold  upon  the  organism.  The  effect  produced 
by  extreme  heat  and  cold  need  hardly  be  considered,  as  they  do  not  enter 
into  the  question  of  climatic  change  undertaken  as  a  therapeutic  measure. 
Moderate  degrees  of  cold  with  a  dry  condition  of  the  atmosphere  are 
beneficial  to  the  organism.  Appetite  is  increased  and  assimilation  is 
encouraged.  To  obtain  this  benefit,  however,  it  is  essential  that  there 
should  be  a  sufficient  power  of  reaction ;  that  is,  the  heart,  kidneys,  and  in 
many  cases  the  nervous  system,  should  be  capable  of  increased  action. 
Cold  climates,  one  may  say,  are  suitable  in  the  main  to  those  who, 
although  weakened  by  disease,  are  potentially  vigorous.  Dry  cold,  as  will 
be  shown  in  dealing  with  particular  climates,  is  eminently  suitable  for 
many  forms  of  disease.  Where,  on  the  contrary,  in  addition  to  a  low 
temperature,  there  is  considerable  atmospheric  humidity,  although  the 
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native  race  may  grow  strong  and  vigorous,  yet  chronic  diseases  show  an 
aggravation  rather  than  an  amelioration  on  moving  into  such  climates. 

Taking  next  the  question  of  heat  upon  the  organism,  the  experience 
of  European  residents  in  India  and  other  tropical  countries  leads  us  to 
suppose  that,  even  apart  from  indigenous  diseases,  the  white  man  wears 
out  much  more  quickly  in  the  tropics  than  in  temperate  climates.  And 
further  experience  of  the  native  races  shows  that  longevity  and  great 
constitutional  vigour  are  the  exception  rather  than  the  rule.  Warm 
climates  are  of  use  medically  mainly  in  that,  by  utilising  their  colder 
period  or  winter,  an  invalid  can  be  placed  under  conditions  approaching 
those  of  perpetual  summer.  Thus  a  person  of  feeble  vitality,  suffering 
from  some  form  of  tissue  degeneration,  by  moving  from  England  to  Egypt 
for  the  winter  and  back  again  for  the  summer,  is  able  to  eke  out  his  vital 
powers  to  the  utmost  without  running  the  risk  of  undue  depression,  due  to 
extreme  heat  or  cold. 

Sunlight. — It  must  be  borne  in  mind  that  sunshine  does  not  neces- 
sarily depend  on  temperature.  It  is  as  brilliant  in  the  Alps  as  in  Egypt, 
though  of  shorter  daily  duration.  Apart,  from  its  generally  invigorating 
effect,  both  upon  the  robust  and  more  particularly  the  weakly,  sunshine 
has  a  distinctly  beneficial  effect  in  maintaining  the  asepticity  of  the  atmo- 
sphere. There  is  an  Italian  proverb  to  the  effect  that  where  the  sun  does 
not  enter,  the  doctor  does.  This  old  saw  has  received  striking  confirma- 
tion by  the  experiments  of  Rausoine  and  Delepine,  who  have  shown  that 
direct  sunlight  has  a  powerful  germicidal  action  on  cultures  of  the  tubercle 
bacillus.  Komlersky  has  also  shown  that  sunlight  destroys  the  virulence 
of  Staphylococci  pyogenes  albus  and  aureus  in  about  six  hours.  In  another 
regard,  Bowie's  experiments  on  the  action  of  the  ultra-violet  rays  on 
the  skin  in  producing  sunburn  are  of  interest,  especially  in  relation  to  the 
employment  of  Rb'ntgen  rays  as  curative  agents  in  certain  skin  diseases. 

Humidity. — We  have  to  bear  in  mind  both  the  rainfall  and  the  relative 
humidity  of  the  atmosphere.  Rainfall  in  connection  with  a  health  resort 
has  to  be  considered  as  to  its  seasonal  and  daily  distribution.  This  distri- 
bution has  to  be  considered  mainly  with  the  view  of  judging  beforehand 
the  amount  of  outdoor  life  possible  for  an  invalid.  Where,  as  for  example 
on  the  Riviera,  the  rainfall,  though  nearly  as  large  as  that  of  England, 
occurs  in  heavy  showers  and  at  approximately  stated  seasons,  the  possibility 
of  an  open-air  life  is  far  greater  than  in  localities  such  as,  for  instance, 
Cumberland,  where  a  small  and  light  fall  occurs  on  many  days.  The  question 
of  atmospheric  humidity  is  of  importance,  in  so  far  as  it  enables  us  to  judge 
of  the  probable  effect  of  any  climate  on  certain  morbid  conditions.  Thus 
we  know  by  experience  that  rheumatoid  arthritis  is  aggravated  by  moist 
climates,  as  are  also  most  forms  of  bronchitis.  On  the  other  hand,  dry 
climates  act  injuriously  on  the  majority  of  laryngeal  conditions  and  on 
irritable  conditions  of  the  nervous  system. 

Wind. — A  further  factor  which  has  to  be  considered  in  regard  to  health 
resorts  is  wind.  The  immediate  influence  of  strong  wind  on  the  individual, 
other  than  the  robust,  is  depressing,  and  to  some  extent  injurious.  On  the 
other  hand,  as  Poore  has  pointed  out,  high  winds  act  as  natural  scavengers, 
and  possibly  do  more  ultimate  good  than  harm. 

Having  thus  briefly  hinted  at  the  principal  meteorological  conditions 
which  decide  the  value  of  any  particular  climate  in  a  therapeutic  aspect, 
we  may  now  proceed  to  discuss  different  climates  in  more  detail.  For  this 
purpose  only  those  localities  will  be  mentioned  or  described  which 
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accumulated  experience  has  shown  to  be  of  value  in  the  treatment  of 
different  morbid  conditions.  To  avoid  undue  repetition,  the  different 
resorts  will  be  considered  under  their  main  geographical  features.  Having 
described  the  chief  topographical  features  of  the  principal  health  resorts, 
their  utilisation  will  then  be  considered.  The  question  of  utilisation 
includes  the  consideration  of  those  rules  which,  slight  and  imperfect  as 
they  are,  should  guide  us  in  the  selection  of  particular  resorts  in  different 
maladies.  In  the  consideration  of  climates  we  may  group  them  under  the 
following  headings : — 

Mountain  Climates. 

Marine  Climates — 

(a)  Of  moderate  humidity. 

(b)  Of  considerable  humidity. 
The  Climate  of  Inland  Plains. 

MOUNTAIN  CLIMATES. 

Great  diversities  are  met  with  as  regards  atmospheric  conditions  in 
various  mountain  ranges,  and  indeed  the  effects  of  elevation,  the  one 
feature  common  to  all,  are  much  modified  by  distance  from  the  Equator. 
We  are  here  concerned  immediately  with  European  mountain  ranges,  and 
of  these  we  may  take  the  Alps  as  a  type,  both  as  being  the  most  extensive 
and  containing  the  principal  health  resorts.  In  the  year  1863,  Spengler,  a 
German  physician  practising  at  Davos  in  the  Grisons,  called  attention  to 
the  rarity  of  phthisis  amongst  the  natives  of  the  High  Alpine  valleys. 
This  paper,  following  shortly  after  Archibald  Smith's  advocacy  of  the 
elevated  towns  in  the  Andes  as  health  resorts  in  phthisis,  led  Hermann 
Weber  to  try  the  curative  effects  of  Davos.  Weber's  results  were 
published  in  1867,  but  another  decade  passed  before  the  revolutionary 
doctrine  of  cold  climates  for  phthisis  won  even  partial  acceptance.  For 
the  last  twenty  years,  however,  the  Alpine  resorts  have  been  the  most 
popular,  and  have  undoubtedly  yielded  the  best  results.  Their  present 
position  has  been  a  good  deal  influenced  by  the  general  spread  of  the  Sana- 
torium methods  of  treatment ;  the  reasons  and  justice  of  this  change  will 
be  discussed  elsewhere  (see  "  Open-air  Treatment ").  The  principal  resorts 
are  at  an  altitude  of  from  3500  to  6000  ft.  It  is  with  the  climate  of  this 
belt  that  we  are  more  especially  concerned.  The  chief  characteristics  of 
this  region  are — (1)  Rarefaction  of  the  atmosphere,  due  to  altitude.  (2) 
Absence  of  wind,  due  partly  to  the  conformation  of  the  hills,  partly  to  the 
presence  of  snow  for  a  considerable  part  of  the  year.  (3)  Purity  of 
atmosphere,  due  to  sparse  population,  and  the  surrounding  snows  devoid 
of  bacterial  life.  (4)  Great  diathermancy  of  the  atmosphere. 

How,  then,  do  these  various  conditions  affect  the  organisms  ?  We  must 
probably  give  the  first  place  to  the  possibility  of  an  open-air  life  under 
unusual  conditions.  The  patient  can  sit  out  of  doors,  warmed  by  a  hot  sun 
and  yet  surrounded  by  air  often  below  freezing  point,  which,  owing  to  its 
stillness,  does  not  chill  him.  Such  an  environment  tends  to  increase 
appetite  and  assimilation.  But  beyond  this  there  is  another  series  of 
effects  produced  by  the  rarefaction  of  the  atmosphere.  These  effects  are 
both  general,  affecting  the  body  at  large,  and  local,  affecting  the  lungs. 
Owing  to  the  rarefaction  of  the  atmosphere,  a  given  volume  of  air  contains 
less  oxygen  than  on  the  plains,  consequently  more  air  must  be  taken  into 
the  lungs  in  a  given  time  to  keep  up  the  standard  of  aeration  of  the  blood. 
59 
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Such  a  compensation  is  effected  by  the  respirations  becoming  increased 
in  frequency.  Marcet  has  shown  that  the  amount  of  carbonic  acid  and 
water  exhaled  by  the  lungs  is  increased.  These  compensatory  changes 
are  not  confined  to  the  respiratory  mechanism,  the  blood  itself  undergoes 
changes.  Viauldt  and,  later,  Egger,  by  a  carefully  conducted  series  of 
experiments,  have  shown  that  there  is  a  rapid  increase  in  the  number  of 
red  corpuscles.  Further,  Paul  Bert's  experiments  with  the  llama  in  Peru 
demonstrate  the  fact  that  the  blood  at  high  altitudes  takes  in  a  greater 
percentage  of  its  volume  of  oxygen.  Pari  passu  with  these  respiratory 
changes,  the  action  of  the  heart  is  much  quickened,  while,  as  a  rule,  tension 
is  lowered.  This  symptom,  with  its  general  accompaniment,  palpitation,  is 
most  frequently  the  one  which  the  patient  feels  first.  Coincidently,  a 
variety  of  minor  symptoms  make  their  appearance — dryness  of  the  mouth 
and  throat,  furred  tongue,  anorexia,  and  even  slight  jaundice.  This  train 
of  symptoms  may  largely  be  ascribed  to  visceral  congestion  consequent  on 
diminished  pressure.  Sleeplessness  is  also  a  common  symptom,  while 
women  often  suffer  from  amenorrhoea.  Acclimatisation  generally  takes 
in  from  three  to  ten  days,  but  may  be  deferred  for  as  many  weeks.  When 
it  has  taken  place  the  respiration  will  be  found  to  have  fallen  to  its  normal 
rate,  but  to  be  markedly  fuller  and  deeper  in  character,  the  pulse  normal 
in  frequency  and  full  in  character,  appetite  and  digestion  improved,  and 
the  patient  experiencing  a  general  sense  of  well-being.  In  a  certain 
number  of  cases  the  vital  force  of  the  individual  is  too  small  to  allow 
of  these  compensatory  changes  taking  place :  such  cases  will  get  nothing 
but  harm  from  a  further  residence.  The  above  effects  are  those  of  altitude 
alone,  since  they  may  be  observed  with  the  same  frequency  in  summer  as 
in  winter.  From  this  description  it  is  obvious  that  altitude  produces  a 
profound  effect  on  the  whole  body,  and  experience  has  shown  that  in 
properly  selected  cases  this  influence  works  for  good,  in  that  the  functions 
of  the  body  all  work  as  it  were  at  a  higher  level. 

In  addition  to  the  mechanical  effects  of  altitude,  we  have  during  the 
winter  months  to  reckon  with  the  effects  of  dry,  cold,  still  air.  As  a  rule, 
this  has  a  tonic  and  exhilarating  effect,  increasing  appetite  and  assimilation. 
In  addition,  it  must  be  borne  in  mind  that  in  winter,  when  the  snow  is  on 
the  ground  and  the  processes  of  growth  in  abeyance,  the  air  is  far  purer 
than  in  summer,  when  all  the  changes  of  growth  and  decay  are  in  full  activity 
on  every  hillside.  The  beneficial  effect  of  the  climate  must  be  attributed 
to  the  combined  action  of  altitude  and  cold  quickening  the  metabolism  of 
the  tissues  and  increasing  their  resisting  and  reparative  power.  In  addition 
to  this  general  tonic  action,  the  rarefied  air  has  a  subsidiary  but  still  well- 
defined  effect  upon  the  lungs  themselves.  Owing  to  the  need  for  fuller  and 
deeper  respiration,  the  lungs  are  expanded  to  their  full  extent,  and  parts 
of  the  respiratory  area,  as  a  rule  not  used  at  all,  are  brought  into  action. 
In  this  way  aeration  is  freely  carried  on,  and  the  accumulation  of  secretion, 
forming  possible  foci  for  fresh  infection,  obviated.  After  a  residence  of 
some  months,  the  chest  becomes  enlarged — Williams  says  from  1  to  3  in. ; 
and  though  this  is  probably  a  high  estimate,  there  is  no  doubt  that  enlarge- 
ment does  occur.  Eventually  a  condition  known  as  hypertrophy  of  the 
lung  is  reached.  This  condition  has  given  rise  to  a  good  deal  of  contro- 
versy, some  maintaining  that  it  was  mere  emphysema,  others  that  it  was 
the  normal  condition  of  lung,  all  of  whose  lobules  and  alveoli  were  brought 
into  play.  The  chest  is  hyper-resonant,  but  the  breath  sounds  are  puerile 
or  exaggerated  rather  than  weak,  and  expiration  is  not  prolonged.  After 
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an  experience  of  some  years  among  the  healthy  young  native  adults  in 
the  Engadine,  whose  chests  showed  this  condition  in  a  considerable  degree, 
the  writer  can  state  that  he  has  rarely  seen  it  assocated  with  symptoms 
of  emphysema,  and  he  has  come  to  the  conclusion  that  it  is  naturally- 
expanded  lung. 

Such  are  the  main  features  and  effects  of  Alpine  climate ;  other  effects 
of  altitude  have  already  been  discussed  in  the  article  on  the  "  Action  of 
Gases,"  p.  40).  Turning  to  the  subsidiary  differences  existing  between  the 
different  resorts,  we  may  begin  with  the  earliest  of  the  mountain  health 
resorts — 

DAVOS,  situated  in  the  Grisons,  at  an  altitude  of  5200  ft.  Owing  to 
the  conformation  of  the  surrounding  hills,  Davos  is  singularly  windless  ;  on 
the  other  hand,  during  the  winter  the  sun  is  lost  earlier  than  at  some  other 
resorts.  Davos  may  be  regarded  as  best  adapted  of  all  the  mountain 
resorts  for  a  great  variety  of  cases.  The  accommodation  is  excellent,  as 
are  also  the  nursing  arrangements,  and  abundant  facilities  for  open-air 
life,  in  the  way  of  shelters,  exist.  The  reputation  of  Davos  constitutes 
one  of  its  future  dangers,  since  from  a  mountain  village  it  has  grown  to 
be  a  fair-sized  town,  and  were  it  to  increase  much  more  it  would  inevit- 
ably lose  most  of  its  advantages  from  overcrowding.  Up  to  the  present, 
however,  this  has  happily  been  avoided.  Davos  is  connected  with  Zurich 
by  rail. 

ST.  MORITZ,  6000  ft.,  in  the  Engadine,  more  exposed  to  wind  than  Davos, 
but  has  a  slight  advantage  in  the  matter  of  sunlight.  The  accommodation 
is  good  and  the  invalid  arrangements  excellent.  In  addition  to  the  invalid 
winter  population,  St.  Moritz  is  much  resorted  to  during  the  summer  on 
account  of  its  iron  waters  (p.  874).  St.  Moritz  is  reached  in  about  ten 
hours  by  diligence  from  Thusis. 

In  connection  with  St.  Moritz  mention  must  be  made  of  the  other 
Engadine  health  resorts,  which,  being  closed  in  winter,  are  only  available 
for  about  three  months  in  summer.  Although,  owing  to  want  of  special 
arrangements,  they  are  hardly  available  for  phthisical  cases,  they  yet  have 
considerable  uses  for  cases  of  neurasthenia,  dyspepsia,  tardy  convalescence  or 
simple  overwork,  as  well  as  for  holiday-making  pure  and  simple.  In  the 
Upper  Engadine  we  may  enumerate  Pontresina,  Samaden,  Silvaplana,  Sils- 
Maria,  and  Maloja,  all  at  an  altitude  of  about  6000  ft.  In  the  Lower 
Engadine,  Tarasp,  with  its  baths,  3890  ft.,  and  Vulpera,  4180  ft.,  both  near 
Schuls.  At  all  these  places  there  is  excellent  accommodation  and  good 
resident  doctors,  but  the  hotels  hardly  lay  themselves  out  for  serious 
invalids.  Two  other  resorts  in  the  Grisons  are  deserving  of  mention. 

AROSA,  6000  ft.,  about  seven  hours  by  diligence  from  Chur,  is  admir- 
ably sheltered  from  the  winds,  and  the  scenery  is  very  beautiful ;  the  bottom 
of  the  valley  is  very  sunless  in  winter,  but  towards  the  Kulm,  where  most 
of  the  new  hotels  have  been  built,  there  is  a  fair  amount  of  sunshine. 
Owing  to  its  altitude,  Arosa,  like  St.  Moritz,  is  hardly  likely  to  be  so 
universally  suitable  as  Davos,  but  for  slight  and  hardier  cases  of  phthisis 
it  forms  an  excellent  resort.  The  absence  of  level  walks  is  a  drawback. 
The  accommodation  is  good,  but  there  is  no  English  doctor. 

WIESEN,  4771  ft.,  about  two  hours  from  Davos,  has  never  developed  as 
a  health  resort,  but  is  useful  as  a  place  of  change. 

Another  series  of  winter  resorts  for  phthisical  patients  is  situated  in 
French  Switzerland.  The  individual  stations  are — 

LEYSIN,  situated  above  Aigle  in  the  Ehone  Valley,  at  an  altitude  of 
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4712  ft.  The  Sanatorium  gets  abundant  sunshine,  and  is  well  protected 
from  the  winds;  the  building  itself  is  well  planned  and  well  managed. 
The  purely  French  character  of  the  clientele  has  prevented  English  people 
going  there  in  a  considerable  number. 

SIERRE  MONTANA,  above  Sierre,  in  the  Rhone  Valley,  has  recently  been 
opened  as  a  winter  resort.  It  is  moderately  well  protected,  and  up  to  the 
present  fair  results  in  phthisis  have  been  obtained. 

CAUX,  3580  ft.,  above  Montreux,  affords  good  accommodation,  and  is 
suitable  for  phthisical  cases  which  do  not  bear  greater  altitudes  well. 

LES  AVANTS,  also  above  Montreux,  at  an  altitude  of  3250  ft.,  is  well 
sheltered  and  gets  a  large  share  of  sunshine.  The  accommodation  is 
good,  as  are  the  shelters  and  arrangements  for  open-air  life.  The  place  is 
very  suitable  for  patients  who  cannot  bear  the  High  Alps,  and  is  also  useful 
for  a  change  in  the  spring,  when  the  snow  is  melting  on  the  Higher  Alps. 

GRINDELWALD,  3400  ft.,  in  the  Bernese  Oberland,  is  used  during  the 
winter  months  as  a  health  resort ;  it  is  sheltered,  and  the  hotels  outside 
the  village  get  a  large  amount  of  sunshine. 

The  above-named  places  virtually  exhaust  the  health  resorts,  in  the 
strict  sense  of  the  term,  in  the  Swiss  Alps.  There  are  a  very  great  number 
of  mountain  resorts,  which  form  admirable  summer  quarters  for  the  over- 
worked or  harassed,  but  are  without  the  resources  essential  to  the  treatment 
of  real  invalids.  In  the  Dolomites  and  Eastern  Alps  are  Cortina 
d'Ampezzo,  Madonna  di  San  Campiglio,  and  San  Martino  di  Castrozza.  In 
Tyrol,  Sulden  and  Toblach  in  the  Pusterthal.  Innsbruck  may  also  be 
mentioned,  since  it  has  lately  come  into  vogue  as  a  winter  resort ;  it  is 
situated,  at  an  altitude  of  2000  ft.,  among  beautiful  surroundings.  It 
seems  peculiarly  suited  to  cases  in  which  phthisis  has  become  partly 
arrested  in  the  High  Alps,  but  which  can  no  longer  bear  the  cold ;  it  is, 
moreover,  a  charming  half-way  house  for  spring  and  autumn. 

MERAN,  1800  ft.,  also  in  Tyrol,  may  be  considered  here.  It  is  well 
sheltered  and  sunny,  with  good  accommodation  and  appliances  for  the 
treatment  of  invalids.  It  is  suited  to  some  partially  arrested  phthisical 
cases,  and  also  early  cases  who  cannot  bear  the  Alpine  cold,  and  yet  do 
not  do  well  in  a  warm  climate.  It  is  also  an  excellent  spring  and  autumn 
resort,  and  is  much  frequented  for  the  grape  cure. 

In  addition  to  the  resorts  which  have  been  mentioned,  there  are  a 
number  of  places  which  are  spoken  of  as  intermediate  resorts.  These 
serve  two  ends :  they  allow  those  who  have  wintered  in  the  Alps  to  obtain 
a  change  during  the  snow-melting  time  in  the  spring ;  and,  in  the  second 
place,  enable  those  who  are  going  to  summer  in  the  Alps,  to  ascend  and 
descend  gradually,  and  thus  avoid  the  cold  in  the  higher  mountains. 
Ragatz,  1800  ft.,  near  Davos ;  Thusis,  near  Coire  and  Promontogno,  2800  ft., 
in  the  Val  Bregaglia,  leading  to  the  Engadine,  are  the  best  known. 

Of  mountain  resorts  in  Italy  we  may  mention  LANZO  D'!NTELVI,  2500  ft., 
and  MONTE  GENEROSO,  above  the  lake  of  Lugano ;  VANDIERI,  6000  ft.,  near 
Cuneo  in  Piedmont;  and  CERTOSA  DI  PESIO,  2800  ft.;  ORMEA,  2500  ft.; 
and  SAN  DALMAZZO,  2400  ft. — all  in  the  Maritime  Alps.  These  places  are 
moderately  cool  during  the  summer,  and  provide  fair  accommodation  for 
invalids  who  do  not  wish  to  return  to  England  for  the  summer.  SIENA 
and  PERUGIA  make  bracing  spring  stations,  but  are  too  hot  in  summer. 

The  moderately  elevated  resorts  in  the  Black  Forest  are  bracing  and 
sedative  summer  resorts.  ST.  BLASIEN,  FREIBERG,  and  BADENWEILER  may 
be  mentioned. 
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FLORENCE,  although  not  a  mountain  resort,  may  be  mentioned  here. 
Although  cold  and  windy  in  winter,  it  is  bright  and  sunny.  Though  not 
suited  to  chest  cases,  it  is  an  excellent  resort  for  many  cases  of  general 
debility  and  neurasthenia.  SOME,  with  its  architectural  beauties  and 
historical  associations,  forms  an  excellent  winter  resort  for  the  same  class 
of  case.  Sir  James  Clarke  praised  the  climate  in  cases  of  phthisis,  but 
nowadays  it  can  hardly  be  recommended  for  purely  climatic  reasons. 

The  elevated  resorts  in  Great  Britain,  though  of  very  moderate  eleva- 
tion, are  bracing,  and  being  for  the  most  part  surrounded  by  moorland,  the 
air  is  very  pure. 

In  Scotland  we  may  mention  BRAEMAE,  BALLATER,  STRATHPEFFER, 
BLAIR- ATHOLE,  PITLOCHRY,  and  MOFFAT. 

In  England,  HARROGATE,  ILKLEY,  BUXTON,  MALVERN,  and  TUNBRIDGE 
WELLS. 

In  Wales,  CAPEL  CURIG  and  LLANDRINDROD.  For  those  in  need  of  a 
bracing  air  without  the  fatigues  of  a  long  journey,  these  are  eminently 
adapted. 

INDIA  possesses  several  hill-stations,  which  are  of  great  value  for  persons 
weakened  by  fever,  or  by  the  heat  of  the  plains,  although  they  have  no 
superior  advantages  to  attract  the  invalid  from  elsewhere.  These  are 
very  damp  during  the  monsoons,  but  at  other  seasons  offer  a  delightful 
climate. 

SIMLA,  8000  ft.,  and  DARJEELING,  8000  ft.,  with  MURREE  in  the  Hima- 
layas and  OOTACAMUND,  7361  ft.,  in  the  Nilgiris,  have  a  charming  climate 
from  September  to  February.  WELLINGTON,  5840  ft.,  may  also  be  mentioned. 

The  health  resorts  of  the  Andes  may  be  placed  here,  both  on 
account  of  the  extreme  equability  of  their  climate,  and  from  the  fact  that 
Archibald  Smith's  experience  gained  in  them  paved  the  way  to  the  em- 
ployment of  high  altitudes  in  phthisis.  At  Bogota,  for  instance,  the  tem- 
perature never  exceeds  60°  or  falls  below  50°  F.  throughout  the  year.  The 
extreme  length  of  the  journey,  however,  precludes  them  for  any  but  the 
hardiest  invalids.  The  individual  resorts  are  QUITO,  9500  ft.,  SANTA  FE  DE 
BOGOTA,  8648  ft. 


MARINE  CLIMATES  WITH  A  MODERATE  DEGREE  OF  HUMIDITY. 

The  coasts  which  fringe  the  Mediterranean  form  the  best  instances  of 
this  type  of  climate,  and  of  these  the  Kiviera,  as  being  the  nearest  and 
most  developed  district,  may  be  considered  first.  The  characteristic 
features  of  this  district  are  best  summed  up  in  Henry  Bennett's  phrase, 
a  "  gigantic  undercliff."  From  Toulon  to  Spezzia  the  sea  is  bordered  by 
a  narrow  strip  of  plain,  varying  from  half  a  mile  to  three  miles  in  width. 
This  plain  leads  up  to  the  spurs  of  hills,  which  rise  tier  after  tier  until  they 
join  the  main  chain  of  the  Alps.  This  natural  barrier  forms  an  effectual 
screen  against  the  cold  northern  winds  from  beyond  the  Alps,  while  the 
upper  currents  rising  in  the  snows  of  the  mountains  pass  for  the  most  part 
over  the  narrow  belt  of  land,  and  only  come  to  the  level  far  out  at  sea. 
In  this  connection  Sturge  has  suggested  that  the  bracing  effects  of  the 
climate  are  probably  largely  due  to  some  of  the  lower  currents  of  these 
Alpine  winds  passing  along  the  shore  on  their  way  seaward.  He  further 
points  out  that  wherever  a  place  is  close  under  the  lee  of  the  mountains,  this 
sharp  quality  of  the  air  is  not  so  marked  as  in  places  somewhat  farther 
removed  from  the  mountains,  and  thus  more  under  what  he  speaks  of  as 
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the  Alpine  influence.  Comparison  of  the  different  resorts  from  this  point 
of  view  goes  far  to  demonstrate  the  truth  of  his  ingenious  theory.  The 
mountain  barrier  must  confer  warmth,  but  other  factors  contribute  to 
raise  the  temperature.  The  presence  of  an  inland  sea  induces  an  approach 
to  uniformity  of  warmth  and  moisture,  extending  to  the  coasts  of  the 
whole  basin.  Further,  owing  to  certain  banks  which  traverse  the  Medi- 
terranean Sea,  and  obstruct  the  influx  of  cold  deep  currents  from  without, 
the  contained  area  of  water,  under  the  influence  of  the  sun's  rays,  is  raised 
some  5°  higher  in  temperature  than  the  adjacent  atmosphere,  acting  as  it 
were  like  a  huge  system  of  hot-water  pipes  for  the  whole  Eiviera  coast- 
line. The  temperature  is  also  raised  by  radiation  from  the  mountains. 

The  rainfall  on  the  Kiviera  is  about  25  in.,  and  the  greater  part  of  this 
falls  in  the  winter  months.  Owing  to  the  concentration  of  the  fall,  how- 
ever, there  are  fewer  rainy  days  than  in  England.  At  Nice,  for  instance, 
from  October  to  April,  17  in.  of  rain  fall  on  thirty  days,  while  in  London, 
for  the  same  period,  9  5  in.  of  rain  fall  on  seventy-six  days. 

As  a  corollary  to  these  facts,  it  is  obvious  that  the  atmosphere  is  drier, 
and  observations  show  that  its  relative  humidity  during  the  winter  months 
is  from  65  to  75  per  cent.,  as  against  85  to  90  per  cent,  in  London.  This 
atmospheric  dryness  is  enhanced  by  abundant  sunshine  and  almost  com- 
plete absence  of  fog.  These  are  the  climatic  advantages  which  may  be 
claimed  for  the  Kiviera.  The  publication  of  Henry  Bennett's  book  in  1859 
first  called  attention  to  the  merits  of  the  climate  in  phthisis,  and  for 
many  years  the  Kiviera  was  the  chief  resort  for  the  consumptive.  As 
other  places  and  methods  of  treatment  came  into  vogue,  many  cases  of 
phthisis  sought  other  and  often  more  suitable  climates.  Improved  railway 
travelling,  however,  has  latterly  rendered  the  Riviera  so  accessible,  that  it 
has  become  the  resort  of  almost  every  variety  of  invalid  who  wishes  to 
exchange  the  English  winter  for  a  warmer  climate  without  a  sea  voyage. 
The  aged,  or  persons  of  feeble  vitality,  the  bronchitic  and  subjects  of  heart 
disease,  come  here,  because,  instead  of  being  confined  to  the  house  by  fog  or 
rain,  they  can  at  all  events  spend  some  portion  of  each  day  out  of  doors  in 
the  sunshine.  The  advantage,  then,  for  such  persons,  as  well  as  for  the  con- 
sumptive, is  the  possibility  of  spending  many  hours  of  each  day  out  of  doors 
in  sunshine,  and  in  an  atmosphere  which,  owing  to  the  proximity  to  the 
sea  and  mountains,  is  in  a  high  degree  aseptic.  In  such  conditions  the 
majority  of  people  experience  a  general  sense  of  well-being.  The  climate 
has  been  described  with  considerable  truth  as  exciting.  Many  hysterical 
and  highly  strung  individuals  lose  their  sleep,  and  are  in  a  constant  state 
of  nervous  tension.  This  exciting  effect  is  much  more  marked  on  the 
seashore  than  at  a  slight  elevation  in  the  hills  behind.  Sturge  suggests 
that  this  may  be  due  to  the  increased  amount  of  salt  in  the  air  at  the 
lower  level.  In  addition  to  this  physiological  effect,  which  often  con- 
stitutes a  drawback,  there  are  other  dangers  associated  with  the  climate. 
The  first  of  these  is  the  marked  contrast  between  sun  and  shade  tem- 
perature, as  much  as  13°  F.  having  been  recorded.  Unless  the  invalid 
takes  necessary  precautions,  he  is  constantly  exposed  to  the  risk  of 
chill.  At  sunset  there  is  a  rapid  fall  of  temperature,  Marcet's  observa- 
tions recording  as  much  as  9°  F.  in  a  very  few  minutes.  Many  visitors 
have  come  to  regard  this  sunset  chill  as  exercising  some  mysterious  malign 
influence  akin  to  malaria.  There  is  really  no  mystery  about  it,  the 
truth  being  simply  that  out  of  doors  at  sunset  the  body  'experiences  a 
sudden  change  of  temperature  rarely  endured  at  home,  so  that  even  the 
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strong  may  easily  catch  a  chill,  the  brunt  of  which  may  fall  on  the  throat, 
chest,  or  abdomen.  The  winds,  which  are  frequent  and  sometimes  severe, 
are  another  objection.  The  Mistral  or  north-west  is  most  prevalent  at  the 
western  end  of  the  coast-line,  while  the  easterly  winds  blowing  off  the  Apen- 
nines predominate  at  the  eastern  end.  The  climate  is  suitable  for  invalids 
from  October  until  May.  In  many  cases,  however,  the  warmth  of  April  will 
be  found  to  be  too  great ;  nervous  persons,  and 'especially  children,  are  apt  to 
flag  at  this  time  of  year.  The  selection  of  intermediate  stations  is  always 
a  matter  of  considerable  difficulty,  the  more  elevated  localities  above  the 
Italian  lakes,  such  as  Locarno,  or  Varese,  or  Montreux  on  the  lake  of  Geneva, 
perhaps  yielding  the  best  results.  The  clinical  considerations  which  should 
guide  us  in  the  selection  of  climates  will  be  discussed  in  the  section  "  Uti- 
lisation of  Climate." 

The  different  resorts  on  the  Eiviera  present  fairly  marked  varieties  of 
climate,  and  these  have  to  be  borne  in  mind  in  choosing  a  winter  residence 
for  a  patient. 

HYERES,  the  most  westerly,  is  situated  some  3  miles  from  the  sea. 
Although  the  air  is  fairly  still  in  midwinter,  yet  the  protection  from  the 
north  is  far  from  complete,  consequently  the  Mistral  blows  with  consider- 
able violence  in  spring.  The  climate  is  not  so  exciting  as  some  of  the 
more  easterly  resorts  :  patients  sleep  better,  nervous  and  asthmatic  patients 
generally  do  well,  though  those  who  cannot  take  exercise  are  better  else- 
where. The  mean  temperature  for  the  six  winter  months,  according  to  Biden, 
is  50°'6  F.,  and  the  mean  relative  humidity  73  per  cent.  The  adjacent  resort 
of  COSTABELLE  is  better  protected  but  somewhat  damper. 

ST.  EAPHAEL  and  VALESCURE  are  some  16  miles  from  Cannes,  the 
former  on  the  seashore,  the  latter  some  four  miles  inland.  Being  west  of 
the  Estrelles  Mountains,  the  protection  from  wind  is  very  imperfect,  and 
St.  Eaphael  is  a  good  deal  wind-swept ;  Valescure  gets  a  certain  amount  of 
shelter  from  the  surrounding  pine  woods ;  both  places  are,  however,  a  good 
deal  colder  than  the  other  resorts.  They  are,  on  the  other  hand,  not  so 
exciting,  and  are  well  suited  to  some  cases  of  asthma,  and  to  cases  of 
neuralgia  and  nervous  cases  generally. 

CANNES  has  a  fairly  warm  and  dry  climate,  while,  owing  to  its  distance 
from  the  mountains,  it  comes  under  the  Alpine  influence,  and  is  decidedly 
bracing  in  character.  The  mean  winter  temperature  is  50° '85  K,  and  the 
mean  relative  humidity  73.  The  large  area  which  the  town  covers  affords 
considerable  variety  of  meteorological  conditions — a  bracing  climate  on 
the  hill-sides,  and  a  warmer  belt  round  the  beach.  Cannes  is  admirably 
adapted  for  the  majority  of  diseases  which  are  benefited  by  the  Eiviera : 
more  severe  cases  do  better  in  a  more  sheltered  locality. 

GRASSE,  12  miles  behind  Cannes,  at  an  attitude  of  1000  ft.,  affords  an 
excellent  change  when  the  spring  renders  the  seaside  places  too  hot  for 
many  cases. 

ANTIBES,  near  Cannes,  being  situated  on  a  headland,  is  windy,  but 
decidedly  bracing. 

NICE  has  the  drawbacks,  as  also  the  advantages,  attendant  on  a  large 
town  ;  though  bracing,  it  is  decidedly  wind-swept.  The  less  windy  suburbs 
of  CIMIEZ,  CARABACEL,  and  MONT  BORON  are  bracing  and  often  peculiarly 
beneficial  in  certain  neurasthenic  conditions.  They  are,  however,  hardly 
suitable  for  febrile  cases  of  phthisis. 

BEAULIEU  is  warm,  sunny,  and  sheltered  and  somewhat  relaxing,  but 
suitable  for  many  phthisical  cases. 
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MONTE  CARLO  is  well  sheltered,  and  has  one  of  the  best  climates  along 
the  coast.  Patients  who  are  content  to  lead  an  invalid  life  and  abjure  the 
Casino,  do  very  well ;  but  the  temptations  of  the  tables  prevent  its  being 
considered  as  a  serious  health  resort. 

MENTONE  has  amply  justified  Bennett's  advocacy  of  thirty  years  ago. 
The  East  Bay,  facing  full  south,  is  completely  sheltered  by  encircling  moun- 
tains, which  rise  almost  abruptly  from  the  sea.  The  mean  temperature  is 
510-5  F.  The  mean  relative  humidity,  72'8  per  cent.  For  patients  requiring 
shelter  and  warmth,  and  unable  to  take  exercise,  it  is  the  best  resort  upon 
the  coast.  It  is,  however,  somewhat  relaxing,  and  the  proximity  of  all 
the  hotels  and  villas  to  the  sea  renders  it  unsuitable  for  some  cases. 
The  West  Bay  is  more  open,  and  consequently  windier  and  more  bracing ; 
although  not  so  peculiarly  suitable  to  some  cases,  it  is  adapted  to  a 
larger  variety.  CAP  MARTIN,  in  the  neighbourhood,  consists  of  one  large 
fashionable  hotel,  situated  on  a  narrow  pine-clad  promontory,  open  to  fresh 
sea  breezes,  and  especially  free  from  dust.  Cap  Martin  is  a  good  halting- 
place  during  the  warm  weather  of  the  late  spring,  and  in  the  winter  is  well 
adapted  for  the  hardier  invalid. 

BORDIGHERA  is  well  sheltered,  except  from  the  north-west.  The  winter 
temperature  is  lower  than  at  the  surrounding  resorts,  but  the  air  is  more 
bracing.  Bordighera  is  a  place  of  recent  growth,  the  hotels  and  villas 
having  been  built  on  selected  sites,  and  away  from  the  town,  which  is  a 
decided  advantage. 

OSPEDALETTI,  4  miles  east  of  Bordighera,  is  well  sheltered  and  sunny; 
the  sunset  chill,  also,  is  not  so  marked  as  at  the  adjacent  resorts.  The  place 
so  far  has  not  undergone  much  development ;  it  is  well  suited  for  the  same 
sort  of  cases  as  the  East  Bay  of  Mentone. 

SAN  REMO  is,  next  to  Mentone,  the  most  protected  spot ;  the  tempera- 
ture is  somewhat  lower.  It  is  adapted  to  the  more  serious  invalids,  par- 
ticularly those  with  laryngeal  complications. 

ALASSIO,  28  miles  further  east,  is  well  protected  from  the  north  and 
north-west.  It  is,  however,  open  to  the  east,  the  seashore  is  somewhat 
wind-swept,  the  lower  slopes  of  the  hills  are  well  sheltered.  Alassio 
is  certainly  one  of  the  most  bracing  resorts  along  the  coast,  and  is  well 
adapted  for  many  patients. 

ARENZANO,  some  30  miles  to  the  east,  is  still  in  too  undeveloped  a  condi- 
tion to  be  of  use  for  other  than  hardy  invalids. 

From  Genoa  to  Spezzia  stretches  a  second  undercliff,  called  the  Riviera 
di  Levante.  Presenting  distinct  similarity  to  the  Western  Riviera  in  geo- 
graphical features,  warmth,  and  sunshine,  the  atmosphere  is  decidedly  more 
humid.  The  physiological  action  is  of  a  less  exciting  character,  consequently 
the  climate  is  better  suited  to  cases  with  irritable  nervous  systems.  Cases 
of  dry  cough  with  scanty  secretion  are  also  benefited.  The  individual 
resorts  are  three  in  number.  Of  these,  NERVI  is  the  only  one  thoroughly 
developed.  Situated  some  8  miles  from  Genoa,  it  is  well  sheltered,  sunny, 
and  has  good  accommodation.  The  preponderating  German  element  has 
prevented  its  becoming  very  popular  with  English  people.  The  other  two 
resorts,  SANTA  MAEGHERITA  and  RAPALLO,  are  not  so  sheltered,  and  the 
accommodation  is  not  sufficiently  developed  for  other  than  the  hardier 
invalids;  for  these  the  climate  is  very  suitable,  and  the  scenery  picturesque. 
Pisa  has  fallen  into  disfavour  owing  to  the  growth  of  newer  resorts ;  the  air, 
though  cold,  is  still,  but  otherwise  the  place  has  little  to  recommend  it  over 
newer  rivals. 
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The  island  of  CoKSiCA  is  most  conveniently  considered  in  connection 
with  the  Eiviera,  presenting  as  it  does  a  winter  climate  intermediate  between 
that  of  the  Eiviera  and  Madeira.  Ajaccio,  its  principal  resort,  faces  south- 
west, and  is  well  sheltered  from  the  north  and  east.  Owing  to  the 
surrounding  sea,  the  relative  humidity  is  82  per  cent.,  while  the  mean  winter 
temperature  is  some  4°  F.  higher  than  the  Riviera.  Summer  stations  are  in 
process  of  development  in  the  mountains  of  the  interior,  but  none  of  these  are 
as  yet  fit  for  invalids.  AJACCIO  is  well  suited  for  nervous  subjects,  persons 
with  irritable  cough,  and  for  asthmatics. 

The  island  of  SICILY  is  warmer  than  the  Riviera,  the  air  is  more  humid, 
and,  though  the  rainfall  is  smaller,  the  number  of  rainy  days  is  greater. 
At  none  of  the  resorts  is  the  shelter  very  complete  ;  winds  are  far  from  rare, 
and  often  very  cold.  The  climate  in  autumn  and  spring  is  charming,  and 
the  island  thus  forms  an  excellent  half-way  house  on  the  way  to  Egypt. 
It  is  entirely  unsuitable  as  a  winter  resort  for  consumptives.  There  are  as 
yet  but  two  places  with  sufficiently  good  accommodation  for  invalids : 
PALERMO  on  the  north,  and  TAORMINA  on  the  east  coast.  Palermo  has  a 
mean  winter  temperature  of  54°  F.,  but  a  good  many  rainy  days.  The  natural 
surroundings  are  very  beautiful.  Taormina  is  situated  at  an  altitude  of 
400  ft.,  half-way  between  Catania  and  Messina ;  the  winter  temperature 
is  56°  F.  It  is  somewhat  drier  than  Palermo. 

Turning  our  attention  once  more  to  the  coast  of  the  Italian  mainland, 
NAPLES  has  a  colder  winter  than  the  Eiviera ;  while  winds  are  far  from  un- 
common, there  is,  on  the  other  hand,  plenty  of  sunshine  and  a  dry  atmosphere. 
Elderly  people  and  bronchitic  cases  do  well  there,  but  it  is  hardly  suitable 
for  consumptives.  The  same  remarks  apply  to  AMALFI  and  SORRENTO. 

No  other  Italian  coast  towns  call  for  notice,  with  the  exception  of 
VENICE.  This  is  too  foggy  and  changeable  for  pulmonary  invalids,  but  in 
spring  and  autumn  is  beneficial  to  neurasthenics.  Its  position  renders  it 
useful  in  hay  fever.  ABBAZIA  in  Istria  may  be  mentioned ;  it  is  sunny,  but 
a  good  deal  wind-swept.  The  visitors  are  almost  entirely  Austrians. 

Of  the  Ionian  Islands,  CORFU  may  be  mentioned,  since  it  forms  an  ex- 
cellent spring  and  autumn  resort  for  those  wintering  in  Egypt.  It  is  too 
humid  and  windy  to  form  a  good  winter  resort  for  pulmonary  invalids. 

On  the  southern  shore  of  the  Mediterranean,  ALGIERS  has  justly  a  wide 
reputation  as  a  health  resort.  The  climate  is  warmer  than  the  Eiviera ;  the 
mean  winter  temperature  is  57°'3  F.;  the  daily  range,  too,  is  small;  and  there 
is  no  sudden  chill  at  sunset.  On  the  other  hand,  there  is  more  rain  than  on 
the  Eiviera ;  and  as  months  in  which  rain  falls  vary  in  different  years,  it  is 
impossible  to  predict  the  rainy  months.  The  climate  is  eminently  suited 
to  bronchitic  cases,  to  catarrh  of  pharynx  and  larynx,  when  attended 
with  irritable  cough ;  many  cases  of  phthisis,  with  feeble  circulation  and 
irritable  nervous  system,  derive  benefit.  The  individual  resorts  are : — 

MUSTAPHA  SUPERIEUR,  a  suburb  of  Algiers,  has  good  accommodation, 
and  is  well  adapted  for  many  patients.  HAMMAN  E'!RHA,  60  miles  to  the 
south-west  and  15  miles  inland,  is  situated  in  the  Lesser  Atlas  Mountains  at 
an  elevation  of  2000  ft.,  the  mean  winter  temperature  is  55°  F.,  and  though 
colder,  it  is  drier  and  more  bracing  than  Algiers  itself.  BISKRA  is  situated 
in  the  desert,  and  consequently  drier  and  more  bracing,  and  the  full  benefit 
of  pure  desert  air  is  obtained  ;  consequently  it  is  well  adapted  for  phthisical 
cases.  The  accommodation  in  botli  cases  is  good.  Westward  of  Algeria, 
at  the  gates  of  the  Mediterranean,  is  TANGIERS.  The  proximity  of  the 
Atlantic  renders  the  climate,  though  humid,  more  equable  than  Algiers. 
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The  poor  accommodation  and  the  absence  of  any  extradition  treaty  render 
it  hardly  available  for  invalids. 

MALAGA,  on  the  south-eastern  coast  of  Spain.  The  climate  is  warm,  dry, 
and  sunny,  the  rainfall  small,  while  the  town  itself  is  well  protected  from 
the  north.  With  improved  accommodation  it  would  be  one  of  the  best 
resorts  on  the  Mediterranean. 

From  this  description  of  the  coast  climates  of  the  Mediterranean,  it  will 
be  observed  that  the  humidity  of  the  atmosphere  gradually  increases  as  we 
near  the  Straits  of  Gibraltar. 

MARINE  CLIMATES  OF  CONSIDEKABLE  HUMIDITY. 

Under  this  heading  we  may  include  places  on  the  coast  bordering 
the  Atlantic,  the  Channel,  and  the  North  Sea.  On  the  South-West 
Coast  of  France  are  situated  BIARRITZ  and  ARCACHON.  Of  these  the  former, 
though  humid  and  windy,  is  bright  and  sunny,  and  well  .suited  to  invalids 
who  are  depressed  by  the  grey  skies  of  an  English  winter.  Arcachon  is 
well  sheltered  and  sedative,  and  suited  to  cases  of  phthisis  with  an  irritable 
nervous  system. 

The  resorts  on  the  French  side  of  the  Channel  are  somewhat  drier  than 
the  English  seaside  resorts,  and  are  well  suited  to  many  cases  of  general 
debility.  As  summer  resorts,  DINARD,  PARAMAT,  TROUVILLE,  ETRETAT,  form 
the  principal  centres.  The  Belgian  resorts,  OSTEND,  BLANKENBERGHE,  and 
SCHEVENINGEN  in  Holland,  are  colder  and  distinctly  more  bracing. 

Turning  now  to  the  British  seaside  resorts,  we  have  in  the  first  instance 
to  distinguish  between  the  cooler  and  drier  East  Coast  resorts  and  the 
warmer  and  more  humid  ones  of  the  South  and  West. 

Taking  the  East  Coast  resorts,  we  have,  from  north  to  south,  NAIRN,  ST. 
ANDREWS,  NORTH  BERWICK,  SALTBURN,  WHITBY,  SCARBOROUGH,  FILEY, 
HUNSTANTON  on  the  Wash,  CROMER,  MUNDESLEY,  YARMOUTH,  LOWESTOFT, 
ALDEBURGH,  FELIXSTOWE,  DOVERCOURT,  WESTGATE,  MARGATE,  BROADSTAIRS, 
KAMSGATE,  DEAL,  and  WALMER.  All  these,  being  fully  exposed  to  the  east 
wind,  are  very  cold  in  the  spring,  but  in  summer  and  autumn  the  air  is  much 
stiller.  Margate  has  long  enjoyed  a  reputation  for  strumous  children— 
indeed,  there  are  few  better  climates  for  children  anywhere.  Of  late  very 
satisfactory  results  have  been  obtained  in  the  treatment  of  phthisis  on  the 
Norfolk  coast,  and  this  being  the  driest  part  of  England,  probably  has  a 
considerable  future  before  it,  from  a  health  point  of  view. 

On  the  South  Coast,  DOVER,  FOLKESTONE,  SANDGATE,  HYTHE,  HAST- 
INGS, and  ST.  LEONARDS,  BEXHILL,  EASTBOURNE,  BRIGHTON,  WORTHING, 

LlTTLEHAMPTON,  BOGNOR,  SOUTHSEA,  COWES,  B.YDE,  BEMBRIDGE,  FRESHWATER, 

SANDOWN,  SHANKLIN  in  the  Isle  of  Wight,  BOURNEMOUTH,  SWANAGE, 
WEYMOUTH,  LYME  KEGIS. 

On  the  North  Devon  Coast,  NEWQU AY  andBuDE,  ILFRACOMBE  and  LYNTON. 

On  the  South  Devon  and  Cornwall  Coast,  SEATON,  EXMOUTH,  TORQUAY, 
FOWEY,  and  FALMOUTH. 

On  the  Bristol  Channel,  WESTON-SUPER-MARE,  CLEVEDON. 
.     In  Wales,  TENBY,  ABERYSTWITH,  LLANDUDNO,  PENMAENMAWR,  and  BAR- 
MOUTH. 

DOUGLAS  and  RAMSEY  in  the  Isle  of  Man. 

In  Lancashire,  SOUTHPORT  and  GRANGE-OVER-SAND. 

In  Scotland,  LAMLASH  in  Arran,  ARDROSSAN,  EOTHESAY,  and  DUNOON 
on  the  Clyde. 
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In  Ireland,  BRAY,  KINGSTOWN,  HOLYWOOD,  QUEENSTOWN,  and  GLEN- 
GARIFF. 

Most  of  the  places  mentioned  above  are  essentially  summer  or 
autumn  resorts.  A  few,  however,  owing  to  local  conditions  of  shelter,  etc., 
are  adapted  for  winter  resorts.  They  are  the  following : — 

BOURNEMOUTH  is  well  sheltered  and  surrounded  by  pine  woods.  The 
climate  is  somewhat  relaxing,  but  on  the  whole  it  is  a  well  protected 
winter  resort.  HASTINGS  and  ST.  LEONARDS  are  more  bracing,  though  not 
so  well  sheltered  as  Bournemouth. 

VENTNOR,  in  the  Isle  of  Wight,  is  well  protected  landward  by  the 
cliffs,  it  is  fairly  sunny,  and  the  National  Hospital  for  Consumption  situ- 
ated there  has  obtained  good  results. 

TORQUAY,  in  South  Devon,  is  warm  and  well  protected  except  from  the 
east.  FALMOUTH,  in  Cornwall,  is  warm  though  somewhat  humid,  and  well 
protected. 

SEA  VOYAGES. 

In  discussing  the  climate  of  the  ocean,  as  met  with  by  the  invalid 
on  a  sea  voyage,  we  need  only  consider  those  portions  of  it  which 
are  most  usually  traversed.  On  such  voyages  the  main  characteristics 
are  warmth,  equability,  and  considerable  atmospheric  humidity.  The 
climate  is  sedative  to  the  nervous  system,  and  has  a  distinctly  tonic 
effect  on  digestion  and  assimilation.  The  purity  of  the  air,  moreover, 
acts  beneficially  upon  the  system  at  large,  as  well  as  locally  upon  the  air- 
passages.  The  advantages  are  absolute  repose  to  body  and  mind,  with, 
during  the  day  at  all  events,  a  purely  open-air  life.  The  drawbacks  are 
the  confined  sleeping  space,  the  discomforts  of  life  below  deck  in  bad 
weather,  and  often  the  monotonous  character  of  the  food.  The  voyages 
which  are  usually  taken  for  health  are  five : — (1)  The  steamship  voyage 
to  the  Cape  of  Good  Hope,  (2)  the  sailing  voyage  to  Australia,  (3)  the 
steamship  voyage  to  Australia,  (4)  the  steamship  voyage  to  New  Zealand 
round  the  Cape,  (5)  the  voyage  to  the  West  Indies,  perhaps  extended  to 
South  America.  The  Cape  voyage  only  takes  about  twenty  days ;  it  is, 
accordingly,  too  short  to  expect  much  benefit  in  serious  cases ;  for  cases  of 
temporary  breakdown  from  overwork  and  for  the  surgical  convalescent  it 
is  of  great  value.  The  voyage  there  and  back  at  the  appropriate  season 
is  of  great  use  in  hay  fever.  The  voyage  to  Australia  in  a  sailing  ship  is 
not  so  often  prescribed  now  as  formerly ;  but  in  the  case  of  young  persons 
who  are  attracted  by  the  sea  it  affords  a  period  of  rest  in  the  fresh  air 
which  often  sets  them  up  for  life.  It  should  always  be  remembered  that 
the  most  unwise  course  possible  is  to  send  cases  of  dipsomania  or  melan- 
cholia. The  voyage  should  only  be  taken  in  one  of  the  specially  appointed 
clipper  ships  which  sail  in  September  or  October.  The  log  of  one  of  these 
shows  the  highest  temperature  encountered  to  have  been  85°  and  the 
lowest  49°  F.,  while  the  difference  between  one  day  and  another  never 
amounted  to  more  than  7°  F.  On  reaching  Australia  the  invalid  should 
not  linger  in  the  coast  towns,  but  proceed  at  once  up  country.  The  return 
voyage  may  be  made  by  sailing  ship  round  the  Cape  or  steamship  through 
the  Suez  Canal,  according  to  the  season  of  the  year.  The  voyage  round 
the  Horn  is  quite  unsuitable.  The  voyage  to  the  West  Indies  is  very 
beautiful,  and  excellent  for  a  person  who  is  overworked  or  convalescent 
from  a  severe  illness. 
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In  the  case  of  a  steamship  the  monotony  of  the  voyage  is  broken  by 
more  frequent  ports  of  call  than  in  the  case  of  a  sailing  ship,  and  conse- 
quently there  is  a  good  supply  of  fresh  meat  and  vegetables.     The  greater   I 
speed  renders  the  transit  from  heat  to  cold  much  more  sudden ;  this  is   \ 
notably  so  in  passing  from  the  Suez  Canal  into  the  Mediterranean,  and 
constitutes  a  distinct  danger  to  the  invalid.     Departure  and  return  must  I 
be  timed  to  avoid  the  hot  months  in  the  lied  Sea  and  the  monsoon  in  tin- 
Indian  Ocean.     The  weather  encountered  sailing  to  New  Zealand  is  much    i 
the  same  as  that  by  steamship,  which  takes  only  half  the  time. 

After  the  climate  of  the  high  seas  we  may  consider  the  climate  of 
islands  in  which  the  marine  rather  than  the  land  influences  prevail. 

The  CHANNEL  ISLANDS  possess  a  warm,  fairly  sunny,  humid,  but  equable 
climate ;  they  are  eminently  suited  to  partially  arrested  cases  of  phthisis, 
and  in  the  spring  form  an  agreeable  change  from  the  gloom  and  fogs  of 
London. 

MADEIRA  is  the  best  known  of  the  other  island  climates.  Situated  in  * 
mid-ocean,  between  32°  and  34°  N.  and  16°  and  17°  W.,  it  is  warm  and  remark- 
ably equable,  the  mean  temperature  for  winter  being  61°  F.,  spring  62°, 
summer  690<5,  and  for  autumn  67°.  The  climate  has  a  remarkably  sooth- 
ing effect  upon  irritability  of  the  throat  and  bronchi.  The  fame  of  the 
climate  for  phthisis  received  a  blow  from  the  indifferent  results  in  picked 
cases  sent  out  from  the  Brompton  Hospital,  and  is  probably  underrated  at 
the  present  time.  Elderly  persons,  and  those  of  low  vitality,  often  derive 
considerable  benefit.  The  digestive  organs  often  appear  to  be  upset  by  the 
climate,  and  diarrhoea  is  far  from  uncommon. 

The  CANARIES,  TENERIFFE,  and  GRAND  CANARY  are  as  equable,  but 
somewhat  drier  and  more  bracing  than  Madeira. 

The  months  of  April,  May,  and  June  are  very  fine  in  the  Canaries.    | 
This  is  a  great  advantage,  since  other  resorts  are  then,  as  a  rule,  getting 
too  hot,  or,  as  in  the  Alps,  too  damp. 

The   WEST   INDIES,   though   warm,   have    hardly   yielded   results    to    i 
encourage  their  employment  as  serious  health  resorts  for  persons  actually 
ill. 

CLIMATE  OF  INLAND  PLAINS. 

Turning  now  to  the  climate  of  inland  plains,  warmth  and  dryness  are  the 
dominant  characteristics  of  the  EGYPTIAN  climate.  The  habitable  portion 
of  the  country  consists  of  the  Delta,  and  a  strip  of  cultivated  land,  a  mile  to  ' 
fifteen  miles  in  width,  stretching  along  either  bank  of  the  Nile  throughout 
its  course.  The  days  are  warm  with  constant  sunshine ;  mist,  fog,  and 
cloud  being  practically  unknown,  while  even  rain  is  a  very  rare  event. 
The  nights  are  cool,  owing  to  radiation  from  the  vast  surrounding  tracts 
of  desert,  while  the  absence  of  animal  and  vegetable  life  renders  the  air 
singularly  aseptic.  Canney,  by  means  of  a  series  of  recording  instru- 
ments placed  in  different  situations  with  regard  to  the  cultivated  land,  and 
in  different  parts  of  Egypt,  has  shown  that  considerable  climatic  differ- 
ences are  discoverable  between  even  closely  adjacent  localities.  He 
points  out  the  influence  exerted  by  growing  crops  in  modifying  the 
desert  air,  and  that  wherever  the  predominant  influence  is  that  of  the 
desert,  the  difference  between  night  and  day  temperature  is  less  marked, 
the  relative  humidity  lower,  and  both  temperature  and  humidity  less 
subject  to  variations  than  near  the  cultivated  land.  These  qualities  confer 
on  Egypt  an  almost  unique  climate,  but  in  spite  of  these  it  has  its  draw- 


CLIMATE  OF  INLAND  PLAINS.  941 

backs.  The  cool  nights  and  the  marked  contrast  between  sun  and  shade 
temperature  are  apt  to  give  rise  to  severe  chills.  The  chill  is  apt  to  fall  in 
the  main  upon  the  abdomen,  and  may  occasion  severe  attacks  of  diarrhoea. 
Winds,  too,  are  not  absent.  Both  a  cold  northerly  wind  and^the  Khamsin, 
a  hot  southerly  wind,  in  addition  to  occasional  dust  storms,  which  are  not 
only  intensely  enervating,  but  decidedly  irritating  to  the  lungs,  are  occasion- 
ally met  with.  In  spite  of  these  drawbacks,  however,  Egypt  is  certainly 
one  of  the  most  delightful  climates  for  a  few  months  in  winter.  The  heat 
appears  to  exert  a  bracing  rather  than  enervating  influence,  while  sleep  is 
encouraged  rather  than  interfered  with.  Drawbacks  to  certain  classes 
of  invalids  and  some  individuals  are  the  short  time  during  which  the 
climate  is  available, — only  from  November  to  May, — the  unavoidable  sea 
journey,  and  the  heavy  expense  which  a  winter  there  entails.  Egypt 
permits  of  two  forms  of  invalid  life, — a  voyage  on  the  Nile,  or  residence  in 
one  of  the  health  resorts. 

Of  these  the  first  to  be  considered  is  CAIRO.  This  is  too  large  a 
town,  with  its  inevitable  accompaniments  of  crowded  streets,  hurry,  and 
dust,  to  be  suitable  for  serious  invalids,  and  above  all  consumptives.  On 
the  other  hand,  the  constant  change  of  an  entirely  new  panorama,  coupled 
with  the  bright  sunshine,  is  often  singularly  suited  to  the  neurasthenic,  or 
the  harassed  and  overworked  man  of  business. 

MENA  HOUSE,  near  the  Pyramids,  and  nine  miles  from  Cairo,  is 
somewhat  damp  up  to  January,  as  the  alluvial  delta  on  which  it  is 
situated  has  hardly  dried  up  before.  From  that  date  onwards  it  offers 
a  charming  climate. 

HELOUAN,  situated  in  the  desert,  about  16  miles  from  Cairo  and 
100  ft.  above  the  Nile  level.  Here  there  are  no  crops,  so  that  the  full 
benefit  of  desert  air  is  obtained.  In  addition  to  this,  the  presence  of 
sulphur  waters  and  an  admirably  fitted-up  bathing  establishment  afford  a 
possibility  which  can  be  obtained  practically  nowhere  else,  of  undergoing 
a  course  of  baths  during  the  winter  months.  The  climate  is  suitable  to 
invalids  from  November  to  early  April.  The  baths  are  warm,  and  suitable 
for  rheumatoid  arthritis. 

LUXOR,  450  miles  south  of  Cairo,  can  now  be  reached  by  railway  or 
boat.  Is  warmer  and  drier  than  Lower  Egypt,  somewhat  windier,  but  is  an 
excellent  resort  for  phthisical  and  bronchitic  patients  from  December  to 
the  middle  of  March,  and  hardier  invalids  can  pass  the  whole  winter 
there. 

ASSOUAN,  at  the  First  Cataract,  is  warmer  and  drier  than  Luxor, 
though  somewhat  windier.  It  is,  however,  distinctly  more  under  the 
influence  of  the  desert  air  than  Luxor.  The  accommodation,  which  was 
formerly  a  difficulty,  is  now  much  improved. 

Another  method  by  which  the  climate  of  Egypt  can  be  enjoyed  is  the 
Nile  voyage.  This  can  be  performed  in  two  ways — by  steamer  and  by 
dahabieh.  The  steamship  voyage  takes  about  nine  to  nineteen  days ;  its 
advantage  is  the  more  rapid  change  of  scene  and  smaller  cost.  There  is, 
however,  a  great  difference  in  temperature  between  different  parts  of  the 
boat,  which  render  it  hardly  a  course  to  be  adopted  by  the  serious  invalid. 
The  dahabieh,  on  the  other  hand,  is  more  costly,  and  progress  is  less 
certain.  Lying  up  at  night  is  also  a  distinct  difficulty :  the  boat  may  have 
to  be  moored  under  a  steep  clay  bank ;  and  an  invalid  is  also  away  from 
medical  supervision.  Excellent  as  is  the  Egyptian  winter  climate,  it  is 
curious  to  note  that  Hermann  Weber's  suggestion  of  camping-out  in 
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the  desert  has  been  so  little  practised.  Such  a  course  would  probably 
render  better  results  in  many  cases  than  mere  residence  in  an  hotel  at  the 
present  resorts. 

AUSTRALIA  is  not  so  frequently  resorted  to  by  consumptives  as  in  former 
years.  The  DARLING  DOWNS  in  Queensland,  a  plateau  2000  ft.  above  the 
sea,  possess  an  excellent  climate.  The  heat  in  summer,  though  con- 
siderable, is  easily  borne,  while  the  winter  consists  of  bright  sunny  days 
and  cold  nights.  The  KIVERINA,  in  the  district  north  of  the  Murray  Eiver, 
though  warmer  and  not  quite  so  bracing,  has  substantially  the  same  climate. 
For  partially  arrested  cases  of  phthisis,  who  are  not  likely  to  weary  of  the 
monotony  of  a  pastoral  life,  they  are  well  suited.  The  fare  on  a  station  is 
rough,  so  it  is  no  place  for  the  dyspeptic  or  dainty.  A  few  localities  in 
the  coast  range  of  mountains  have  been  utilised  as  health  resorts,  such  are 
MOUNT  MACEDON:  and  BRAEMAR  in  Victoria  and  KATOOMBA  in  New  South 
Wales.  It  cannot  be  too  emphatically  pointed  out  that  the  coast  towns 
are  totally  unsuited  for  consumptive  cases.  Over  and  over  again  a  poor 
city  clerk  spends  his  savings  to  get  to  Australia,  only  to  find  himself  in 
fierce  competition  to  obtain  a  worse-paid  place  than  the  one  he  had 
quitted,  with  no  compensating  climatic  advantages.  Tasmania  and  New 
Zealand  have  no  peculiarities  of  climate  to  recommend  them  as  climates 
for  invalids,  admirable  as  they  are  for  the  hardy  and  robust. 

The  elevated  tablelands  of  SOUTH  AFRICA  afford  a  climate  of  great 
value  for  invalids.  The  Karroo,  an  open  heath-like  country,  varying  in 
elevation  from  2500  to  6000  ft.,  is  divided  by  the  Neuveldt  Mountains 
into  two  districts,  the  Central  and  Upper  Karroo.  The  characteristics  of 
the  climate  are  cloudless  skies  with  abundant  sunshine,  a  marked 
atmospheric  dryness,  and  small  rainfall.  The  heat  in  summer  is  con- 
siderable, the  winter  is  characterised  by  bright  sunny  days  and  cold  nights. 
These  factors  are  all  advantageous,  though  the  large  amount  of  dust 
somewhat  detracts  from  them.  The  climate  is  well  adapted  for  partially 
arrested  cases  of  phthisis,  cases  of  bronchitis,  and  persons  who,  without 
being  definitely  ill,  have  small  vitality.  The  accommodation  is  rapidly 
improving,  and  in  some  of  the  resorts  is  quite  suitable  for  invalids.  In 
sending  patients  there  it  must  be  remembered  that  the  seasons  are  the 
reverse  of  our  own.  The  individual  resorts  are : — 

In  the  Great  Karroo — CRADDOCK,  2855  ft.,  and  BEAUFORT  WEST, 
2792  ft. 

In  the  Upper  Karroo — BERGERSDORP,  TARKASTAD,  MIDDLEBURG,  and 
ALIWAL  NORTH.  CERES,  1493  ft.,  and  GRAHAMSTOWN,  1800  ft.,  form  ex- 
cellent intermediate  resorts. 

THE  UTILISATION  OF  CLIMATES. 

By  this  phrase  we  .  may  understand  the  application  of  clinical  and 
meteorological  knowledge  to  the  selection  of  a  climate,  which,  by  placing 
the  individual  under  largely  changed  conditions,  will  either  gradually 
restore  him  to  health,  or  at  all  events  keep  at  bay  his  distressing  symptoms 
for  months  or  years.  The  basis  upon  which  such  a  selection  rests  is 
largely  an  accumulation  of  clinical  observations  as  to  the  effects  of 
different  climates  in  divers  conditions.  These  observations  are  constantly 
being  augmented  by  fresh  observations,  made  on  new  departures.  To 
arrive  at  a  right  judgment,  the  first  point  is  to  acknowledge  that  there  is 
no  a  priori  argument  in  the  matter.  Meteorology  is  of  use  in  so  far  as  it 
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enables  us  to  form  some  estimate  or  mental  picture  of  the  physical 
conditions  at  a  particular  spot,  and  thus  to  give  us  a  true  and  scientific 
standard  of  comparison.  The  ultimate  verdict,  however,  as  regards  the 
therapeutic  value  of  any  climate  or  any  particular  resort,  must  rest  on 
observed  cases.  And  in  discussing  climate  we  must  bear  in  mind  that  we 
are  here  dealing  with  climates  for  those  who  are  out  of  health,  not  for  the 
robust.  Thus  it  is  highly  probable  that  for  the  full  development  of 
the  strong  and  robust  the  two  best  climates  in  the  world  are  England 
and  New  Zealand.  These,  though  poles  asunder,  present  a  considerable 
similarity  in  meteorological  conditions,  and  in  both  of  them  we  find  the 
same  physical  development  in  bone  and  muscle  ;  and  in  New  Zealand  alone, 
of  all  countries  except  our  own,  the  same  fresh  complexion  in  the  women. 
But  for  the  weakly  and  those  stricken  by  disease,  the  case  is  altered ;  the 
constant  changes  and  the  fogs  expose  them  to  danger  of  inflammation  of 
different  viscera,  while  the  sunless  days  add  to  the  depression  already 
induced  by  their  malady.  In  advising  change  of  climate,  we  aim  at  one  of 
two  things :  either  to  remove  the  patient  from  conditions  which  are  in  a 
large  measure  the  cause  of  his  disease,  as  when  we  remove  a  bronchitic 
patient  from  the  cold  and  fogs  of  London  to  the  warm  dry  air  of  Egypt ;  or 
to  place  him  under  such  conditions  as  shall  strengthen  the  resisting  power 
of  his  tissues  and  encourage  the  natural  processes  of  repair.  The  selection 
of  cases  must  proceed  on  some  such  broad  lines  as  these.  Beyond  the 
consideration  of  mere  suitability  of  the  case  on  physical  grounds,  the 
question  is  apt  to  be  complicated  by  the  idiosyncrasy  of  the  individual. 
This  factor  always  looms  larger  in  the  patient's  mind  than  in  that  of  his 
physician :  he  is  apt  to  ascribe  to  the  place  not  suiting  him  symptoms 
which  are  but  a  phase  of  the  disease,  or  are  due  to  his  own  injudicious 
mode  of  life.  With  this  reservation,  however,  such  idiosyncrasies  do  exist ; 
an  attempt  will  be  made  to  summarise  the  principal  points  to  be  borne  in 
mind  in  considering  them.  Another  point  to  be  remembered  is,  that  every 
change  of  climate  involves  a  certain  amount  of  acclimatisation,  and  while 
the  organs  are  adjusting  themselves,  the  individual  probably  feels  worse. 
Our  ancestors  sought  to  obviate  this  by  a  preparatory  course  of  bleeding 
and  purging ;  such  heroic  measures  rarely  did  any  good,  but  it  is  always 
well  not  to  lose  sight  of  the  reality  of  the  conditions  against  which  they 
were  directed.  In  the  pages  which  follow,  it  will  be  my  endeavour  to 
consider  each  class  of  morbid  conditions  in  turn,  and  to  point  out  the 
clinical  symptoms  which  render  each  particular  kind  of  climate  suitable  or 
unsuitable.  The  arrangement  involves  a  considerable  amount  of  repetition, 
but  it  is  only  in  this  way  that  full  advantage  can  be  taken  of  such  clinical 
rules  as  we  possess. 

Diseases  of  the  lungs. — Phthisis. — In  the  first  place  naturally  comes 
the  treatment  of  phthisis  by  climate.  Amongst  the  various  methods 
which  have  come  and  gone  in  the  history  of  the  treatment  of  this  disease, 
change  of  climate  has  always  held  its  place.  In  accordance  with  in- 
creasing knowledge  and  easier  locomotion,  one  place  after  another  has 
been  added  to  the  list  of  health  resorts  for  the  phthisical.  With  this 
greater  field  the  trend  of  professional  opinion  has  changed  from  the 
advocacy  of  hot  climates  to  the  Eiviera,  to  the  Cape,  and  then  to  the 
Alps.  In  spite  of  this  decidedly  wide  range,  it  is  yet  the  common 
experience  of  physicians  that  each  change  in  method  has  yielded  an 
increased  number  of  cures.  The  movement  has  been  progressive,  and  as  it 
were  spiral  rather  than  mere  oscillation.  The  very  general  adoption  of 
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Brehmer's  method  of  sanatorium  treatment,  and  the  marked  success  which 
it  has  often  attained,  has  caused  some  physicians  to  ask  themselves  whether 
there  is  anything  in  climatic  treatment  at  all.  If  such  results,  they  argue, 
can  be  obtained  in  what  are  generally  regarded  as  bad  climates,  why  go 
farther  afield  ?  Some,  indeed,  go  further,  and  maintain  that  a  cure  effected 
in  the  patient's  native  land  is  more  lasting  than  when  obtained  under 
exotic  conditions.  This  has  not  sufficient  evidence  behind  it  to  be  regarded 
otherwise  than  as  an  impression,  and  possibly  a  dangerous  one,  as  tending 
to  darken  counsel. 

To  institute  a  fair  comparison  between  the  two  methods,  it  is  obvious  in 
the  first  instance  that  all  and  every  kind  of  treatment  is  useless  without 
the  sensible  co-operation  of  the  patient  and  his  friends.  Supervision  and 
obedience  have  in  the  past  been  singularly  lacking  in  some  resorts,  the 
Alpine  stations  forming,  however,  a  notable  exception.  In  open  health 
resorts  there  is  also  not  the  same  amount  of  selection  of  cases  as  the  limited 
space  of  a  sanatorium  entails.  Turban's  statistics  at  Davos,  further,  go  far 
to  prove  that  suitable  supervision  in  a  selected  climate  yields  better  results 
than  the  same  methods  practised  in  an  unselected  one.  The  great  lesson 
which  has  been  learnt  from  the  spread  of  Brehmer's  teaching  is  that  phthisis 
is  capable  of  cure  in  any  climate  by  leading  an  open-air  life.  The  essential 
point  of  climatic  treatment  during  the  last  forty  years  has  been  an  open-air 
life,  together  with  certain  favourable  atmospheric  conditions,  such  as  sun- 
shine and  absence  of  fog.  The  subsidiary  points  of  feeding  and  exercise 
are  essentially  matters  of  ordinary  medical  treatment  rather  than  climate. 
Considerations  of  weather  will  show  that  at  climatic  health  resorts  more 
time  can  be  spent  out  of  doors  in  sunshine  and  free  of  fog  than  in  home 
sanatoria.  Dettweiler's  contention  that  fog  is  sedative  to  the  lungs  is 
hardly  borne  out  by  patients  who  have  tried  both  climatic  and  sanatorium 
treatment  in  an  unselected  climate. 

But  though  climatic  treatment  probably  affords  a  better  chance  of 
cure,  it  is  only  within  the  reach  of  the  well-to-do.  With  the  spread  of 
the  open-air  method  of  treatment  in  this  country,  we  may  confidently  hope 
that  the  pitiful  cases  of  persons  spending  their  last  penny  to  reach  a  climate 
where  they  could  not  pay  for  invalid  comforts  will  no  longer  occur. 
Another  excellent  point  arising  from  the  newly  found  faith  as  to  really 
treating  phthisis  in  this  country,  is  that  cases  will  not  be  hurried  abroad 
without  mature  consideration,  and  many  disasters  will  be  saved. 

In  considering  the  advisability  of  climatic  change,  we  have  to  consider 
three  classes  of  cases — the  early  case,  with  more  or  less  active  mischief ; 
the  partially  arrested  case,  with  damaged  lung ;  the  arrested  case,  with  im- 
paired lung.  In  the  first  class  we  must  decide  whether  the  patient  is  to  be 
sent  abroad  or  treated  at  home.  This  decision  must  be  based  on  the  acute- 
ness  of  his  symptoms  (for  if  acute,  then  he  should,  as  a  general  rule,  be  kept 
at  home),  on  the  general  condition  of  his  circulation,  and  on  his  pecuniary 
ability  to  go  abroad  for  some  considerable  time  in  comfort.  Unless  all 
these  factors  are  carefully  considered,  the  experiment  will  most  probably 
end  in  failure.  The  second  class  of  case  should  in  an  ordinary  way  be  sent 
abroad.  Patients  with  partially  cicatrised  lungs  do  not  respond  to  open-air 
treatment  in  England  nearly  as  well  as  early  cases,  and  are  generally  better 
in  a  warmer  climate.  The  third  class  consists  of  those  victims  of  phthisis 
with  quiescent  lesions,  who  wish  to  go  abroad  to  earn  their  living ;  the 
possibilities  and  difficulties  of  obtaining  work  will  be  briefly  pointed  out  in 
dealing  with  the  different  resorts. 


DISEASES  OF  THE  LUNGS.  945 

With  these  preliminary  cautions  we  may  now  attack  the  question  of 
selecting  the  climate  for  the  individual  case.  We  have  in  no  sense  any 
strict  rules,  but  accumulated  clinical  experience  has  given  us  a  certain 
number  or  rough  indications  for  and  against,  which  will,  in  the  main,  guide 
the  physician  aright  in  a  fair  proportion  of  cases. 

The  cases  which  should  be  sent  to  the  Swiss  Alps  require  careful 
selection.  Early  cases  of  unilateral  or  bilateral  phthisis,  with  a  good  cir- 
culation and  only  slight  pyrexia,  should  be  sent  to  the  Alps  in  preference  to 
any  other  resort.  Statistics  go  to  show  the  greater  percentage  of  cures  in  the 
Alpine  resorts ;  and,  further,  the  experience  of  those  who  are  in  the  habit 
of  comparing  cases  coming  from  different  resorts  testifies  to  the  greater 
certainty  and  celerity  in  the  high  altitude  cases.  In  young  persons  a 
sojourn  of  one  or  two  years  in  the  Alps  will  not  only  arrest  the  disease,  but 
the  constitutional  vigour  will  be  so  much  increased  as  to  enable  them  to 
cautiously  resume  their  ordinary  occupation  at  home.  Haemoptysis  was 
once  supposed  to  be  favoured  by  the  rarefied  air ;  the  reasons  for  this  view 
were  entirely  theoretical,  and  experience  has  disproved  them.  When  a  case 
has  passed  on  to  the  stage  of  excavation,  although  the  ultimate  outlook  may 
be  on  the  whole  less  hopeful,  yet  general  experience  leads  us  to  suppose 
that  greater  benefit  may  be  anticipated  from  a  prolonged  sojourn  in  the 
Alps  than  from  any  other  form  of  climatic  treatment.  The  presence  of 
pyrexia,  so  long  as  we  can  be  sure  that  it  is  due  to  septic  absorption  from  a 
cavity  rather  than  to  tuberculisation  or  rapid  and  widely  spread  softening, 
forms  no  bar  to  sending  the  patient.  In  the  bronchiectatic  form  of  phthisis, 
although  progress  is  certain  to  be  very  slow,  yet  the  mechanical  effect  of  a 
high  altitude  in  expanding  collapsed  lung  round  the  lesion  is  of  the  greatest 
value.  At  the  same  time  the  constitutional  vigour  will  be  augmented,  and 
the  patient  thus  rendered  able  to  support  the  strain  which  must  ensue  in 
subsequent  years.  So  long  as  the  diagnosis  of  a  bronchiectasis  is  certain, 
constant  pyrexia  or  occasional  acute  exacerbations  form  no  obstacle  to 
sending  the  case  to  the  Alps. 

A  further  class  of  cases  pre-eminently  suitable  to  the  Alps  is  phthisis 
supervening  upon  a  pleuritic  effusion  in  a  young  subject.  The  expansion 
effected  in  the  collapsed  lung  by  the  rarefied  air,  coupled  with  the  strength- 
ening of  a  constitution  of  whose  proclivity  to  tubercle  the  effusion  was  but 
a  sign,  generally  yields  the  best  results. 

While  the  climate  is  potent  for  good  in  the  foregoing  categories  of  the 
disease,  yet  there  exists  a  large  class  of  cases  which  not  only  derive  no 
benefit,  but  may  incur  definite  harm.  As  has  been  shown  before,  the  rare- 
fied air  exercises  a  constant  though  slight  strain  upon  the  heart  and  vessels ; 
these  should  therefore  be  carefully  examined.  Where  there  is  valvular 
disease  of  the  heart,  unless  compensation  is  very  perfect,  the  case  should 
not  be  sent ;  indeed,  one  may  say  mitral  cases  are  rarely  suitable,  and  aortic 
never.  Weak  myocardium  with  low  tension,  with  or  without  dilatation,  is, 
except  in  certain  instances  discussed  elsewhere,  a  bar.  When  the  arteries 
are  degenerated  it  is  an  absolute  rule  not  to  send  the  case.  The  condition 
of  the  kidneys,  again,  should  be  ascertained :  all  forms  of  albuminuria,  even 
physiological  albuminuria,  are  better  away.  Where  there  is  laryngeal  mis- 
chief, the  pros  and  cons  should  be  carefully  weighed.  Slight  hoarseness, 
with  the  laryngoscopic  appearance  of  laryngeal  catarrh,  even  if  tubercle 
cannot  be  excluded,  may  be  sent.  A  single  ulcer  on  the  vocal  cords  may 
safely  go,  provided  the  arytenoids  are  free.  When  the  arytenoids  are  in- 
volved, or  there  is  perichondritis  or  dysphagia,  the  case  should  on  no  account 
60 
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be  sent.  Diarrhoea  due  to  tuberculous  ulceration  forms  an  absolutely  contra- 
indication ;  a  mere  looseness  of  the  bowels  of  a  catarrhal  nature  is  generally 
rather  benefited  than  otherwise. 

Where  there  is  pyrexia  due  to  rapid  spread  of  the  disease,  the  case 
should  be  kept  at  home  until  the  temperature  shall  have  fallen.  When 
the  amount  of  damaged  lung  is  considerable,  the  case  should  not  be  sent : 
the  respiratory  area  will  be  too  small  for  the  extra  strain,  and  the  end 
will  be  hastened.  Huggard  of  Davos,  as  the  result  of  a  very  wide  experi- 
ence, has  pointed  out  that  patients  with  very  rigid  chest  walls  rarely  do 
well  in  high  altitudes.  Probably  the  rigidity  of  their  chest  walls  is  but 
one  sign  of  generally  low  vitality  ;  certainly  persons  of  this  habit  of  body 
feel  the  cold  more  than  others. 

Another  class  of  patients  who  rarely  do  well  are  the  victims  of  consti- 
tutional erethism — persons,  that  is,  with  an  habitually  quick  or  variable 
pulse,  an  irritable  condition  of  the  nervous  system ;  the  victims  of  insomnia 
are  unsuitable.  A  certain  number  of  persons,  elderly  people  particularly, 
cannot  bear  the  cold.  The  physician  must  not  depend  too  much  on  the 
patient's  statement  that  he  cannot  bear  cold;  but  the  mention  of  it 
should  induce  him  to  make  a  careful  estimate  of  his  constitutional 
vigour. 

The  length  of  time  which  ought  to  be  spent  in  the  Alps  to  insure 
thorough  restoration  to  health  must  necessarily  vary  with  the  progress  of 
the  case.  We  ought  never  to  hold  out  hopes  of  permanent  cure  unless 
two  winters  are  devoted  to  its  attainment.  Many  cases  lose  all  symptoms 
within  a  month  or  two,  and  then  are  anxious  to  hurry  home.  Although 
symptoms  may  vanish  in  a  few  weeks,  yet  the  recovery  of  true  constitu- 
tional vigour  is  a  matter  of  years.  The  local  physicians  recommend  that 
the  residence  should  be  continuous,  that  is  to  say,  two  winters  and  one 
summer  should  be  passed  in  the  Alps.  With  favourable  progress,  a 
patient  has  generally  got  all  the  good  he  is  going  to  get  out  of  the  place  at 
the  end  of  two  years ;  he  can  then  be  allowed  to  return  home.  Even 
cases  which  are  not  entirely  arrested  had  better  be  sent  to  a  lower  level ; 
they  often  take  a  fresh  start  in  the  way  of  improvement.  Some  cases, 
however,  always  relapse  if  long  away  from  the  Alps.  For  these  there  is 
nothing  for  it  but  to  take  up  their  permanent  abode  in  one  or  another 
of  the  Alpine  valleys.  The  greater  part  of  the  late  J.  A.  Symonds'  literary 
work  was  produced  when  living  this  kind  of  life. 

In  former  years  it  was  the  custom  to  go  down  to  a  lower  level  during 
the  unpleasant  period  of  snow-melting.  Latterly  this  is  not  so  much  done ; 
a  doubtful  case  may  lose  more  good  from  the  journey  than  he  would  during 
the  few  damp  days  of  the  actual  snow-melting.  The  most  usual  resorts  for 
this  purpose  are  Eagatz,  Thusis,  and  Seewis.  In  the  autumn  a  descent  to 
the  Italian  Lakes  or  Montreux  is  sometimes  permissible. 

During  the  summer  the  invalid  can  find  change  of  scene,  at  like  eleva- 
tion, at  Pontresina,  Maloja,  Sils  Maria,  and  other  localities. 

The  end  of .  September  is  the  best  time  for  patients  to  take  up  their 
residence  :  they  then  get  acclimatised  before  the  cold  weather  sets  in.  If 
the  patient  falls  ill  in  midwinter,  it  is  a  sound  rule  not  to  send  him  out 
after  the  end  of  January :  he  will  hardly  get  acclimatised  before  the  snow 
begins  to  melt ;  it  would  probably  be  better  to  wait  till  June.  Not  a  little 
of  the  success  which  the  Alpine  sanatoria  have  been  met  with  has  been  due 
to  the  careful  supervision  which  the  local  physicians  have  exercised  over  the 
details  of  the  patient's  life. 
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The  cases  which  are  unsuitable  for  the  Alps  have  still  a  variety  of  other 
climates  open  to  them. 

The  Biviera  is  suitable  for  patients  whose  weak  circulation  or  low 
vitality  debars  them  from  going  to  the  Alps.  The  ease  with  which  the 
journey  can  be  accomplished,  and  the  greater  length  of  the  season,  also 
render  the  Riviera  more  available  for  severe  cases  than  Egypt.  Cases 
of  diffuse  broncho-pneumonic  phthisis  often  derive  striking  benefit,  as  do 
many  of  the  victims  of  fibroid  phthisis,  the  genial  climate  permitting 
them  to  eke  out  their  small  vitality  to  the  best  possible  advantage. 

Patients  who  have  passed  two  or  three  winters  in  the  Alps  often  begin 
to  lose  weight,  become  dyspeptic  and  nervous.  These  symptoms  are  fre- 
quently entirely  removed  by  going  down  to  the  Riviera,  a  fresh  period  of 
improvement  being  entered  on.  All  cases  of  laryngeal  phthisis  may  be  sent, 
and  many  derive  very  striking  benefit.  Men  tone  and  San  Remo  are  the 
most  suitable  resorts ;  the  only  reservation  is  the  presence  of  dysphagia, 
unless  every  possible  arrangement  as  to  cooking,  can  be  made. 

Patients  who  are  likely  to  derive  little  or  no  benefit  from  the  Riviera 
are  those  with  an  irritable  nervous  system,  who  sleep  badly,  eat  capriciously, 
and  worry  over  trifles.  These  persons  will  generally  do  better  either  at 
home  or  in  Corsica  or  one  of  the  more  humid  climates.  The  great  draw- 
back to  the  Riviera  is  the  large  amount  of  social  life  into  which  the  invalid 
is  apt  to  be  dragged.  If  he  is  to  get  any  benefit,  he  must  go  as  an  invalid 
pure  and  simple ;  otherwise  he  will  get  more  harm  than  good.  Patients 
should  not  reach  the  coast  before  the  end  of  October,  by  which  time  the 
heavy  autumnal  rains  have  generally  fallen.  With  the  warmer  weather  in 
the  spring  they  may  begin  to  flag ;  a  change  to  Grasse  or  Cap  d'Antibes 
is  then  advisable.  There  is  a  distinct  danger  in  phthisical  patients  reaching 
home  before  the  end  of  May.  Locarno,  Varese,  or  Montreux  form  the 
most  suitable  intermediate  stations. 

The  selection  of  cases  of  phthisis  which  are  most  likely  to  be 
benefited  by  wintering  in  Egypt  depends  to  some  extent  on  a  process 
of  elimination. 

In  the  first  place,  the  slight  cases,  whose  condition  of  circulation  or 
general  vitality  renders  them  unsuitable  for  high  altitudes,  often  do  remark- 
ably well  in  Egypt.  It  is  always  unwise  to  send  a  feverish  case  of  simple 
phthisis  on  so  long  a  journey,  and  when  there  is  softening  this  caution  is 
all  the  more  imperative.  Some  cases  of  widely-scattered  tubercle  improve 
very  much.  As  a  rough  generalisation,  it  may  be  stated  that  whenever  the 
tuberculous  process  is  accompanied  by  some  other  form  of  tissue  degeneration, 
the  case  is  likely  to  derive  benefit  from  Egypt.  Thus,  when  phthisis  is 
complicated  by  valvular  disease  or  a  weak  condition  of  the  heart  muscle, 
by  articular  rheumatism,  by  gout  or  by  albuminur-ia,  other  than  that  due 
to  lardaceous  disease,  it  is  likely  to  benefit.  Bronchiectatic  cases  derive 
great  benefit,  while  cases  complicated  by  bronchitis  with  copious  expector- 
ation do  well.  When  the  expectoration  is  scanty,  they  will  probably  do 
better  in  a  moister  climate.  Diarrhoea,  even  of  a  simple  character,  is 
a  complete  contra-indication.  As  regards  laryngeal  tubercle,  it  is  an  open 
question  whether  it  is  not  always  aggravated ;  until  further  experience  is 
gathered,  it  would  probably  be  wiser  not  to  send  such  cases. 

Algiers  is  suited  to  cases  in  which  the  bronchitic  element  is  a  marked 
feature.  Madeira  is  also  suitable  for  bronchitic  patients  and  those  with 
irritable  nervous  systems.  Dyspepsia  or  diarrhoea  form  centra-indications 
to  this  climate.  The  Canaries  have  the  advantage  that  the  weather  there 
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is  at  its  best  in  April,  May,  and  June,  a  time  which  is  too  late  for  the 
Riviera  and  too  early  for  the  Alps.  This  fact  can  be  taken  advantage  of 
in  the  case  of  patients  falling  ill  in  the  spring. 

Pau  and  Arcachon  are  useful  for  persons  of  low  vitality  with  nervous 
irritability. 

The  cases  most  likely  to  derive  benefit  from  a  sea  voyage  are — (1)  Those 
in  whom  the  symptoms  of  phthisis  only  form  part  of  a  general  breakdown 
from  overwork.  These  cases  generally  derive  very  great  benefit;  they 
should,  as  a  rule,  be  sent  by  steamer  rather  than  sailing  ship.  It  must  be 
borne  in  mind  that  any  tendency  to  melancholia  forms  an  insuperable 
objection  to  a  sea  voyage.  (2)  Cases  of  slight  consolidation,  without  fever, 
in  young  subjects.  (3)  Some  quiescent  cavity  cases  seem  to  do  better  at 
sea  than  elsewhere;  the  constitutional  and  local  improvement  is  often 
remarkable. 

The  centra-indications  to  a  sea  voyage  are — (1)  Laryngeal  or  intestinal 
complications.  (2)  Debility.  (3)  Fever.  (4)  Haemoptysis  when  due  to 
ulceration  in  a  cavity,  on  account  of  the  difficulty  of  carrying  out  efficient 
treatment.  Early  haemoptysis  forms  no  bar. 

The  victims  of  phthisis,  as  a  rule,  suffer  but  little  from  sea-sickness ;  it 
must  be  remembered,  however,  that  illness  at  sea  is  a  greater  misery  than 
on  shore.  The  discomforts  of  sea  life  tell  so  much  more  on  women  than  on 
men,  that,  unless  fairly  robust,  they  should  not  be  sent.  Old  people,  the 
subjects  of  heart  disease  and  arterial  degeneration,  are  injuriously  affected 
by  the  sea. 

Australia  at  the  present  day  would  only  be  selected  by  slight  or 
arrested  cases  wishing  to  lead  a  pastoral  life  in  the  inland  plains,  such  as 
the  Darling  Downs  or  Eiverina.  It  cannot  be  too  emphatically  pointed 
out  that  the  coast  towns  are  totally  unsuitable  for  phthisical  cases.  Every 
ship's  surgeon  is  familiar  with  the  bitter  disappointments  which  phthisical 
clerks  are  constantly  meeting  with  who  take  posts  in  Melbourne  or 
Sydney. 

South  Africa  is  unsuited  for  the  graver  forms  of  the  disease,  but  cases 
of  early  consolidation  and  quiescent  cavity  cases  do  very  well  there. 
Feverish  cases  should  on  no  account  be  sent ;  and  the  local  physicians 
lay  considerable  stress  on  the  fact  that  a  tendency  to  haemoptysis  is  fre- 
quently aggravated  by  the  rarefied  air  of  the  Karroo.  With  reference  to 
the  possibility  of  earning  a  living,  it  should  be  noted  that  the  coast  towns, 
as  in  Australia,  are  totally  unfit  for  phthisical  patients,  and  work  is  by  no 
means  easy  to  obtain  in  the  inland  plateaux.  A  patient,  if  possible,  should 
get  some  definite  offer  of  employment  before  going  out. 

The  health  resorts  of  the  British  Isles  have  to  be  considered  in  two 
regards — (1)  As  summer  stations  for  those  who  spend  the  winter  abroad. 
(2)  As  winter  quarters  for  those  who  determine  to  remain  at  home. 

The  English  summer,  in  spite  of  its  changeableness,  provides  on  the 
whole  more  fine  weather  than  can  be  obtained  abroad.  The  air  is,  moreover, 
bracing,  and  at  the  same  time  sedative  to  the  nervous  system.  This  sooth- 
ing effect,  coupled  with  the  complete  change  of  surroundings  and  different 
food,  is  extremely  beneficial  to  those  who  have  spent  the  winter  in  the 
more  exciting  climates  of  the  Alps  or  the  Mediterranean  seaboard.  The 
more  vigorous  patients  derive  most  benefit  from  the  East  Coast  resorts, 
Hunstanton,  Cromer,  Mundesley,  Yarmouth,  Lowestoft,  Felixstowe,  Rams- 
gate  and  Margate.  For  those  who  are  injuriously  affected  by  the  sea,  the 
elevated  bracing  inland  resorts,  Braemar,  Ilkley,  Buxton,  Malvern,  and 
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Tunbridge  Wells  will  be  the  most  suitable.  Catarrhal  and  febrile  cases 
and  those  with  weak  circulation  will  do  better  in  the  warmer  though  less 
bracing  resorts  of  the  South  and  West.  Ventuor,  Hastings,  Eastbourne, 
on  the  South  Coast ;  Ilfracombe,  Falmouth,  Torquay,  Fowey,  in  the  West ; 
Llandudno,  Penmaenmawr,  Barmouth,  in  Wales,  may  be  mentioned  as 
suitable  for  such  cases. 

With  reference  to  the  choice  of  a  winter  resort,  the  recent  adoption 
by  the  profession  of  the  sanatorium  method  of  treatment  has  materially 
modified  our  attitude  as  regards  the  selection.  In  former  years  a  patient 
went  to  an  English  resort  either  because  he  was  too  ill  to  be  sent  away, 
or  because  he  could  not  bear  the  expense.  With  the  erection  of  sanatoria 
and  the  concomitant  more  hopeful  attitude  towards  the  treatment  of 
phthisis,  many  doubtful  cases  will  now  be  kept  at  home.  These,  as  a  rule, 
will  be  treated  in  sanatoria,  which  are  described  in  a  separate  article. 

Besides  these  early  cases,  there  are  many  individuals  in  whom  the 
disease  is  wholly  or  partially  arrested,  but  who  are  too  enfeebled  to  live 
in  their  own  homes.  Many  of  these  wish  for  a  settled  home  in  a  milder 
climate  in  their  native  land.  For  such  the  sheltered  resorts  of  the  South 
Coast  are  admirably  suited — Bournemouth,  Hastings,  Eastbourne,  Ventnor, 
and,  further  west,  Falmouth  and  Torquay.  The  Channel  Islands  also  have 
a  mild  winter  climate,  and  there  are  many  sheltered  positions.  Of  inland 
regions  the  neighbourhood  of  Haslemere  yields  excellent  results. 

The  opinions  expressed  in  the  foregoing  pages  are  intended  to  point 
out  in  what  way  one  or  another  climate  may  help  in  the  treatment  of  one 
or  another  form  of  phthisis.  We  must  acknowledge  that  climate  alone  is 
worse  than  useless,  since  it  gives  the  patient  a  false  sense  of  security  that 
something  is  being  done,  but  that  climate  coupled  with  proper  medical 
treatment,  hygienic  and  dietetic,  is  often  of  the  greatest  utility. 

Bronchitis. — Next  to  phthisis,  possibly  the  disease  for  which  change  of 
climate  is  most  frequently  sought  is  bronchitis,  or  chronic  bronchial  catarrh. 
The  bronchitis  of  children  is  benefited  by  removal  to  warm  localities,  sea- 
side places  being  preferable.  For  bronchitic  children,  the  Eiviera  or  Algiers 
and  Biarritz  are  the  best  resorts.  In  older  patients,  when  the  occurrence 
of  slight  bronchitis  each  winter  shows  that  they  are  getting,  as  it  were, 
into  the  winter  cough  stage  of  life,  the  best  possible  treatment  is  to  send 
them  for  two  or  three  months  to  the  Alps  in  winter.  By  adopting  such 
a  course  patients  are  often  so  completely  restored  as  to  be  entirely  free 
for  some  years.  Presumably  the  occurrence  of  the  attacks  is  only  a  sign  of 
commencing  senile  decay,  and  that  the  constitutional  effect  of  the  climate, 
together  with  the  local  effect  of  altitude  and  pure  air  upon  the  bronchi, 
places  them,  as  it  were,  once  more  on  a  higher  physiological  level.  With 
older  patients,  and  when  an  attack  of  bronchitis  has  become  an  annual 
occurrence,  the  patients  should  be  sent  away  for  the  whole  winter  to  a 
warmer  climate.  Egypt  or  the  Riviera  or  Corsica  are  the  most  popular. 
Egypt  is  probably  the  best,  but  very  good  results  are  obtained  on  the 
Riviera.  These  climates  are  most  efficacious  when  the  expectoration 
is  fairly  copious.  When,  however,  the  cough  is  frequent  and  dry,  and 
the  expectoration  scanty,  a  moister  climate  is  more  suitable.  Madeira 
is  par  excellence  the  resort  for  this  class  of  case ;  the  Canaries  are  also 
suitable ;  while  Algiers  and  Corsica,  without  being  so  far  afield,  yield 
excellent  results. 

Emphysema  should  be  treated  on  the  same  principles,  except  that  high 
altitudes  are  unsuitable. 
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Asthma  is  notoriously  capricious,  and  any  change  of  climate  is  largely 
of  the  nature  of  an  experiment.  Young  persons  usually  derive  far  more 
benefit  from  a  prolonged  residence  in  elevated  Alpine  resorts  than  from 
any  other  climate.  Older  cases  do  well  on  the  Eiviera,  especially  at 
Hyeres  and  Grasse  and  Cimiez,  though  at  many  other  resorts  good  results 
are  obtained.  It  should  be  remembered  that  asthmatics  are  better  at 
some  distance  from  the  sea  rather  than  on  the  seashore.  Pau,  Arcachon, 
and  Biarritz  are  also  beneficial.  Egypt  and  Corsica  are  too  far  away 
to  be  employed,  as  a  rule,  when  the  effect  is  so  very  uncertain. 

Diseases  of  the  heart. — As  a  general  rule,  in  advising  change  of  climate 
in  cases  of  heart  disease,  our  main  object  is  to  place  the  patient  under 
such  conditions  as  shall  enable  him  to  spend  a  fair  amount  of  time  in 
the  open  air  without  running  the  risk  of  getting  bronchitis  or  broncho- 
pneumonia.  In  cases  of  valvular  disease,  passing  the  winter  on  the 
Eiviera  or  in  Egypt  will  often  prolong  life  for  many  years.  High 
altitudes  are  never  suitable  in  cases  of  valvular  disease ;  occasionally 
cases  of  fibroid  disease  are  benefited  by  a  stay  in  the  mountains.  Any 
such  experiment  should,  however,  be  safeguarded  by  the  greatest  care  in 
making  the  ascent  very  gradually.  Sea  voyages  also  are  totally  unsuitable 
for  any  form  of  cardiac  disease. 

Diseases  of  the  urinary  organs. — Next  to  phthisis,  climate  is  probably 
of  greater  use  in  cases  of  Bright's  disease  than  in  any  other  complaint.  Our 
object  is  to  place  the  patient  in  a  warm,  dry  climate,  where  his  skin  will 
act  freely,  thus  removing  extra  strain  from  his  kidneys,  while  an  open-air 
life  will  favour  nutrition.  Egypt  is  particularly  the  country  for  cases  of 
chronic  Bright's  disease,  whether  parenchymatous  or  interstitial.  Patients 
who  are  content  to  lead  a  perfectly  quiet  life,  and  diet  themselves,  derive 
striking  benefit  from  the  change.  Where  the  general  condition  is  too 
grave  for  a  long  sea  voyage,  or  expense  is  an  object,  the  more  sheltered 
resorts  on  the  Riviera  yield  very  good  resiilts.  Of  home  resorts 
Dickinson  speaks  highly  of  Falmouth.  Sea  voyages  and  high  altitudes 
are  entirely  contra-indicated.  Affections  of  the  bladder  and  prostate 
should  be  treated  on  much  the  same  lines.  A  further  caution  is  required 
in  prostatic  cases :  these  should  never  be  sent  high.  I  have  several  times 
seen  complete  retention  brought  on  by  a  rapid  ascent  to  an  Alpine 
resort. 

Disorders  of  digestion. — Climatic  treatment  in  the  case  of  disorders 
of  digestion  largely  depends  on  amelioration  of  some  underlying  nervous 
defect.  Nervous  dyspepsia  is  much  benefited  by  a  fairly  warm  and  sunny 
climate ;  and  as  psychical  influences  play  a  large  part,  the  presence  of 
historic  or  artistic  associations  is  a  consideration.  Thus  Florence,  Borne, 
Egypt,  Sicily,  are  all  useful.  Chronic  flatulent  dyspepsia  is,  as  a  rule, 
most  benefited  by  a  sojourn  in  the  mountains.  Membranous  colitis  and 
dysentery  derive  benefit  from  the  Riviera,  unless  the  neurotic  element  be 
very  marked  in  the  case  of  the  former  disease.  Sprue  is  benefited  by 
the  possibility  of  lying  out  in  the  sunshine  on  the  Riviera  or  Algiers. 
Dyspepsia  of  gouty  origin  is  also  benefited  by  Egypt  or  the  Riviera. 

Diseases  of  the  nervous  system. — These,  whether  functional  or 
organic,  derive  great  benefit  from  judiciously  managed  climatic  change. 

Neurasthenia. — Of  functional  diseases  we  may  first  consider  that  strange 
mixture  of  symptoms  which  is  included  in  the  term  neurasthenia.  The 
essence  of  the  disease  is  a  morbid  reaction  to  those  external  stimuli  which 
we  call  the  stress  and  strain  of  life,  and  which  to  most  constitute  its 
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greatest  pleasure.  This  reaction  may  manifest  itself  in  divers  ways,  but 
presumably  the  symptoms  are  all  ultimately  traceable  to  the  nervous 
system.  Whatever  the  dominant  symptoms  of  these  patients  may  be,  they 
are  all  dyspeptics  covert  or  manifest,  and  generally  more  or  less  wasted. 
It  is  for  such  patients  as  these  that  foreign  travel  is  usually  prescribed. 
There  are,  however,  so  many  different  types  of  the  disease,  that  to  arrive 
at  any  ultimate  good  their  different  symptoms  must  be  carefully  con- 
sidered. When,  as  so  frequently  happens,  insomnia  is  their  principal 
complaint,  they  should  on  no  account  be  sent  to  high  altitudes,  to  the 
Riviera,  or  to  sea.  -Florence,  Rome,  and  Egypt  are  eminently  suitable 
for  such,  if  they  are  content  to  remember  that  their  "  horse-power,"  so  to 
speak,  is  very  low,  and  that  rest  rather  than  hurried  sight-seeing  must 
be  their  portion.  When  they  sleep  well,  a  summer  in  the  Alps,  with 
moderate  exercise,  will  often  work  wonders.  Cases  of  simple  overwork, 
or  cerebral  exhaustion,  if  they  sleep  well  and  have  no  morbid  fancies, 
will  get  more  good  from  a  sea  voyage  than  from  any  other  method  of 
treatment. 

Hypochondriasis  is  rarely  benefited  by  the  Riviera ;  Florence,  Rome, 
and,  at  certain  seasons,  Venice  are  the  best  resorts  for  such  patients,  while 
a  prolonged  stay  at  the  Italian  Lakes  in  spring  or  autumn  is  often 
advantageous.  It  must  always  be  remembered  that  a  sea  voyage  is  the 
worst  possible  treatment  for  cases  of  this  kind,  since  the  temptation  to 
suicide  is  ever  present.  Neuralgia  is  very  often  benefited  by  a  winter 
spent  in  Egypt,  or  at  some  distance  from  the  sea  at  one  of  the  Riviera 
resorts,  or  in  Algiers.  It  is  never  benefited  by  the  Alps.  Slow  degenerat- 
ive changes  of  the  spinal  cord  or  brain  are  chiefly  benefited  by  warm, 
sunny  climates — Egypt,  Algiers,  or  the  Riviera;  high  altitudes  are  not 
suitable. 

Gout  and  rheumatoid  arthritis  are  benefited  by  sunny,  warm,  and  dry 
climates.  Egypt  is  very  beneficial,  as  is  the  Riviera ;  in  the  latter  case 
a  spot  well  removed  from  the  sea  should  be  chosen.  Algiers  and  Corsica 
may  also  be  mentioned  as  beneficial.  Sea  voyages  and  high  altitudes,  as  a 
rule,  do  not  yield  satisfactory  results.  In  cases  of  rheumatoid  arthritis 
much  the  same  rules  should  be  followed ;  it  must  be  remembered,  however, 
that  the  effect  of  climate  in  rheumatism  is  much  more  capricious  than  in 
the  case  of  gout. 

Diabetes,  if  of  any  gravity,  should  not  be  sent  away.  Glycosuria,  how- 
ever, is  frequently  benefited  by  change  of  climate ;  where  a  gouty  element 
is  absent,  a  prolonged  residence  at  an  Alpine  resort  often  works  wonders. 
If,  on  the  other  hand,  there  is  a  distinct  gouty  element  in  the  case,  Egypt 
or  the  Riviera  are  to  be  preferred. 

Malarial  affections  are  best  suited  by  a  summer  spent  in  the  Alps,  and 
if  the  subject  can  bear  the  cold,  considerable  benefit  is  often  obtained  from 
wintering  there. 

Anaemia  and  chlorosis  are  often  much  benefited  by  change  of  climate, 
but  as  a  rule  only  as  an  aid  to  other  measures.  Some  cases  who  bear  iron 
badly  derive  benefit  from  the  Alps.  Warm,  sunny  climates,  with  abundant 
possibilities  for  rest  in  the  open  air,  are  most  suitable  for  the  majority  of 
cases.  Tardy  convalescence  and  recovery  from  operations  are  benefited  by 
a  stay  in  the  Alps.  Where  the  heart  is  feeble  or  the  urinary  organs  have 
been  operated  upon,  a  sea  voyage  or  stay  in  Egypt  or  the  Riviera  are  to  be 
advised. 

Diseases  of  the  sexual  organs  are  benefited  by  climate,  through  the 
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medium  of  the  underlying  constitutional  defect.     High  altitudes  certainly 
tend  to  check  excessive  losses  at  the  periods,  while  the  amount  of  the  I 
ordinary  flux  is  increased  in  warmer  climates.     One  point  should  be  borne  I 
in  mind  with  regard  to  sexual  hypochondriacs,  and  that  is,  that  seminal 
losses  are   distinctly  increased  on   ascending   to   the   Alps.      The   reflex  Jj 
phenomena  attending  the  climacteric  in  women  are  very  much  benefited 
by  a  change  of  scene ;  Florence  and  Rome  are  to  be  recommended  rather 
than  the  Riviera. 

Finally,  we  come  to  the  question  as  to  how  far  change  of  climate 
can  postpone  those  slow  degenerative  changes  whose  progress  we  call 
growing  old.  The  whole  subject  has  been  dealt  with  by  the  late  Dr. 
Chambers,  with  a  literary  skill  which  has  made  his  "  Lectures  on  Growing 
Old  "  one  of  the  classics  of  medical  literature.  For  the  old,  or  for  those 
who,  by  what  Sir  James  Paget  has  happily  called  "  errors  in  the  chrono- 
metry  of  life,"  are  prematurely  aged,  the  warmth  and  sunshine  of  the 
Riviera,  of  the  classic  Italian  towns,  or  of  Sicily,  will  often  work  wonders. 
The  warmth  and  sunshine  enable  them  to  eke  out  their  feeble  vital  powers, 
while  the  natural  beauties  of  the  scenery  and  the  historic  associations 
provide  them  with  intellectual  interests. 

THE  OPEN-AIR  TREATMENT  OF  PHTHISIS. 

At  the  present  time  the  open-air  treatment  of  phthisis  consists  in 
placing  the  patient  in  fresh  air, — out  of  doors  by  day,  indoors  by  night, — 
safeguarding  him  with  adequate  shelters,  encouraging  him  to  eat  large 
quantities  of  simple,  nutritious  food,  and  regulating  the  smallest  detail 
of  his  life  as  regards  rest  and  exercise.  The  system  as  we  now  know  it  is 
of  gradual  growth.  Thus  Sydenham  says :  "  Bark  is  no  surer  cure  for 
ague,  than  riding  for  phthisis."  In  the  year  1846,  Boddington,  a  surgeon 
in  Warwickshire,  published  a  small  treatise  on  the  "  Treatment  of  Pul- 
monary Consumption,"  in  which  he  says :  "  To  live  in  and  breathe  freely 
the  open  air  without  being  deterred  by  the  wind  or  weather,  is  one 
important  and  essential  remedy  in  arresting  its  progress,  one  about  which 
there  appears  to  have  generally  prevailed  a  groundless  alarm,  lest  the  con- 
sumptive should  take  cold."  In  1854,  a  German  physician,  Brehmer, 
brought  all  these  scattered  opinions  to  the  test  of  experience  by  founding 
a  sanatorium  at  Gorbersdorf  in  Silesia.  The  essential  object  of  this 
institution  was  to  provide  facilities  for  placing  the  phthisical  patient  out 
of  doors  in  all  weathers,  warming  and  sheltering  him  where  necessary,  and 
at  the  same  time  supervising  his  diet  and  method  of  life  in  the  minutest 
particular. 

This  departure  of  Brehmer's  was  regarded  as  a  freak  by  the  bulk  of  the 
profession.  The  results  obtained,  however,  gradually  demonstrated  the 
essentially  sound  basis  on  which.  Brehmer's  treatment  rested.  When  the 
merits  of  Davos  first  became  known,  the  tradition  of  Brehmer's  teaching 
undoubtedly  contributed  not  a  little  to  the  success  of  the  treatment  carried 
on  there.  With  the  gradually  increasing  repute  of  Brehmer's  system 
other  sanatoria  sprang  up,  notably  the  institution  of  Falkenstein,  managed 
by  one  of  Brehmer's  former  assistants.  In  this  country  the  idea  was  slow 
in  gaining  ground.  The  late  Dr.  Handfield  Jones  advocated  the  placing  of 
phthisical  patients  in  the  open  air  by  some  able  papers  contributed  to  the 
Lancet  in  1877.  In  Germany,  on  the  other  hand,  the  open-air  method  of 
treatment  made  steady  progress,  different  sanatoria  being  gradually  con- 
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structed.  A  notably  new  departure  in  the  Eighties  was  that  of  Walther, 
who  founded  the  now  celebrated  sanatorium  at  Nordrach  in  the  Black 
Forest.  Walther's  method  was  in  essentials  the  same  as  Brehmer's, 
namely,  fresh  air.  He  insisted,  however,  om  more  prolonged  rest  in  bed  in 
the  earlier  stages,  and  dispensed  to  a  large  extent  with  the  arrangements 
for  shelters,  removing  the  windows  from  the  doors,  and  encouraging  patients 
to  remain  out  of  doors,  lying  in  hammocks  in  the  woods.  In  addition  to 
this,  Walther  insisted  on  his  patients  taking  large  meals  of  simple  nutri- 
tious food,  instead  of  giving  the  nourishment  in  small  and  light  meals 
frequently  repeated.  The  success  which  attended  Walther's  treatment  has 
recently  been  brought  prominently  before  the  profession. 

The  first  attempt  to  utilise  Brehmer's  method  in  England  was  made 
by  Burton  Fanning  of  Norwich,  at  Cromer  in  1895.  The  method  was  at 
about  the  same  time  carried  out  by  Philip  near  Edinburgh.  From  the 
publication  of  the  results  of  the  open-air  treatment  as  carried  out  at  these 
two  places,  and  owing  to  the  foundation  of  the  National  Association  for 
the  Prevention  of  Tuberculosis,  the  establishment  of  sanatoria  has  gone  on 
all  over  the  country. 

The  gradual  acceptance  which  Brehmer's  methods  of  treatment  has 
won  shows  of  itself  that  the  results  must  have  been  sufficiently  satisfactory. 
But  the  success  which  has  attended  treatment  in  sanatoria  in  such  distant 
parts  of  the  world,  and  under  very  diverse  climatic  conditions,  leads  to  the 
further  question  as  to  whether  climatic  conditions  have  any  real  influence 
in  the  matter,  or  whether  the  essential  point  is  fresh  air  with  adequate 
safeguards,  and  whether  climate  is  not  largely  subsidiary.  The  available 
statistical  data  are  hardly  sufficient  to  enable  a  fair  comparison  to  be  made 
between  treatment  in  open  health  resorts  and  in  sanatoria.  The  statistics 
of  Turban  of  the  Davos  sanatorium,  however,  go  far  to  prove  that  the 
same  method  in  a  selected  climate  produces  better  results  than  treat- 
ment in  an  unselected  one.  This  point  having  been  conceded,  however, 
it  must  further  be  admitted  that  climatic  change  is  within  the  reach  of 
comparatively  few,  and  also  that  it  may  be,  and  indeed  often  is,  undertaken  in 
a  too  precipitate  manner  during  the  acute  stages  of  the  disease.  Conditions 
of  general  nutrition  and  circulation,  on  the  one  hand,  prevent  many  patients 
from  undergoing  the  full  rigour  of  the  open-air  treatment.  On  the  other 
hand,  it  is  urged  that  at  most  of  the  climatic  health  resorts  there  are  no 
sanatoria,  therefore  what  is  gained  by  climate  is  often  lost  by  lack  of  proper 
supervision.  Except  under  the  charge  of  physicians  of  character  and 
capacity,  who  have  thoroughly  familiarised  themselves  with  the  treatment 
as  carried  out  at  sanatoria,  the  latter  charge  is  likely  to  have  in  it  many 
elements  of  truth.  In  view  of  the  great  popularity  of  the  sanatorium 
system  of  treatment  at  the  present  day,  we  must  bear  in  mind  that  there  is 
an  impression,  which  appears  to  rest  on  a  certain  basis  of  truth,  that  the 
cases  cured  at  Nordrach  and  other  open-air  sanatoria  show  a  marked 
tendency  to  relapse.  Subsequent  experience  will  eventually  decide  the 
value  of  this  impression,  but  it  must  be  remembered  that  Nordrach  cases 
are  more  likely  to  be  carefully  watched  than  others.  Having  thus  dis- 
cussed the  general  aspect  of  the  question,  the  details  of  the  treatment 
may  be  considered  in  their  appropriate  order :  open  air,  food,  exercise,  and 
general  hygiene. 

Open  air. — With  regard  to  open  air,  the  crux  of  the  whole  question  is 
how  far  phthisical  patients  are  liable  to  catch  cold  by  mere  exposure  to 
open  air  at  all  times  and  in  all  seasons.  In  this  regard  we  must  remark 
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that  in  the  majority  of  cases  it  is  a  question  of  the  whole  system  or  nothing. 
A  half-hearted  system  of  open  air,  coupled  with  closed  windows  at  night,  is 
likely  to  result  in  a  greater  rather  than  less  susceptibility  to  cold.  Wind, 
fog,  and  dust  are  probably  the  elements  which  are  most  likely  to  produce 
cold.  Of  these,  wind  and  dust  can  be  guarded  against  to  a  large  extent  by 
adequate  shelters.  Fog,  on  the  other  hand,  cannot  be  guarded  against,  and 
though  in  most  cases  injurious,  is  not  so  likely  to  cause  local  inflammatory 
complications  as  wind  or  dust.  My  own  experience  leads  me  to  the 
conclusion  that  a  phthisical  patient  requires  particular  care  as  to  shelter 
in  high  winds,  specially  when  associated  with  a  dry  condition  of  the 
atmosphere.  Cold  by  itself  affects  the  pulmonary  conditions  very  slightly, 
if  at  all.  Dr.  Burton  Fanning  tells  me  that  in  the  blustering  easterly 
winds  experienced  in  Norfolk,  a  distinct  increase  in  rales  is  often  observed. 

Food. — Turning  now  to  the  question  of  food :  past  practice  in  this 
matter  has  always  been  based  on  the  theory  that  the  phthisical  patient 
required  to  be  nourished  by  light  meals  frequently  repeated.  Walther's 
experience  at  Nordrach  is  directly  opposed  to  this  view,  for  he  stuffs  the 
patients  with  very  large  meals.  Undoubtedly  a  great  deal  of  dyspepsia  is 
promoted  by  an  undue  quantity  of  liquid  food,  and  appetite  for  solid  food 
is  proportionately  diminished.  On  the  other  hand,  the  habit  of  excessive 
meals  of  solid  food,  as  practised  at  Nordrach,  though  admirably  adapted 
to  early  cases,  yet  in  later  ones  does  more  harm  than  good,  by  causing  in- 
veterate dyspepsia.  Probably  we  may  say  that  phthisical  patients  should 
be  made  to  eat  very  abundantly  of  fatty  or  carbohydrate  food,  provided 
that  indigestion  is  not  increased  thereby. 

Exercise. — As  regards  the  question  of  rest  and  exercise,  the  sanatorium 
method  has  probably  been-  of  greater  value  in  this  than  in  any  other 
direction,  the  difference  between  trusting  to  the  instincts  of  the  patient 
rather  than  the  intelligent  supervision  of  his  exercise  has  proved  the 
superiority  of  the  sanatorium  method.  The  general  practice  is  to  confine 
patients  to  bed  whose  temperature  exceeds  100°  F.,  and  afterwards  to 
allow  them  to  take  gentle  exercise,  regulated  according  to  the  condition  of 
the  pulse  and  temperature ;  the  general  idea  of  such  gentle  exercise  being 
to  strengthen  the  heart  and  prevent  oedema  in  the  dependent  portions  of 
the  lungs.  This  slow  walking  is  undoubtedly  a  very  great  advance  on 
previous  methods ;  its  initiation  is  due  to  Walther ;  and  since  distance, 
pace,  and  time  can  be  easily  watched,  regulation  is  easy. 

General  hygiene. — Having  now  discussed  the  essential  factors  in  the 
system,  it  now  remains  to  consider  other  conditions  of  sanatorium  organisa- 
tion. It  is  obviously  undesirable  to  herd  together  tuberculous  patients 
without  taking  precautions  to  prevent  their  constantly  infecting  and 
reinfecting  one  another.  This  question  has  naturally  earned  a  great  deal 
of  consideration  in  all  sanatoria.  The  essential  points  are :  disinfection 
or  destruction  of  infective  excreta,  and  prevention  of  the  accumulation 
of  dust  which  is  most  probably  infective.  To  fulfil  these  conditions, 
sputum  is  discharged  into  Dettweiler  spitting  flasks,  which  contain  some 
antiseptic;  the  contents  of  these  flasks  being  subsequently  burnt.  The 
accumulation  of  dust  is  prevented  by  having  washing  papers  on  the  walls, 
and  linoleum  or  pegamoid  floors,  which  admit  of  the  whole  room  being 
swabbed  over  with  an  antiseptic  solution.  A  further  possible  source  of 
infection  is  milk,  and  this  is  provided  against  by  keeping  a  herd  of  cows 
which  are  submitted  to  the  tuberculin  test  at  short  intervals.  Special 
arrangements  as  to  laundries  and  so  forth  are  always  made.  Indeed,  one 
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may  say  that  it  is,  as  a  general  rule,  only  in  sanatoria  that  the  dangers  of 
infection  are  fully  realised,  and  consequently  guarded  against.  A  con- 
sumptive, therefore,  probably  runs  less  danger  of  reinfection  in  a  sanatorium 
than  in  an  hotel  at  an  open  health  resort.  Another  point  to  be  considered 
is  the  maintenance  of  discipline  in  such  establishments.  It  has  always 
been  urged  that  the  English  character  was  incapable  of  remaining  tied 
to  the  therapeutic  leading-strings  of  a  German  kurarzt.  And  in  truth, 
until  recently,  all  discipline  was  solely  due  to  the  masterful  spirit  of  a 
physician  who  obtained  an  ascendancy  over  all  who  came  under  his  charge. 
Nothing,  however,  has  been  more  striking  of  recent  years  than  the  change 
which  one  observes  in  the  attitude  of  the  patient.  Once  the  community 
in  a  sanatorium  recognises  the  fact  that  many  of  them  are  benefiting  by 
discipline,  and  that  all  may  do  so,  a  standard  of  conformity  becomes  a 
recognised  law.  Once  established,  a  patient  who  runs  counter  to  such 
a  standard  is  probably  more  severely  dealt  with  by  his  fellow-sufferers  than 
by  the  physician  himself.  Another  point  is  the  presence  of  relatives.  In 
the  majority  of  cases,  specially  in  the  early  stages  of  the  disease,  they  are 
better  away.  Their  natural  solicitude  reacts  upon  the  patient  and  jeopard- 
ises his  chances  of  recovery,  rendering  him  meanwhile  less  amenable  to 
discipline.  Few  things  are  more  harmful  to  the  patient  than  so-called 
"  cheering  up  "  by  his  relatives  and  friends. 

Having  thus  discussed  the  main  features  of  the  system  of  treatment,  it 
now  remains  to  briefly  enumerate  the  individual  sanatoria.  In  the  British 
Isles  these  are  comparatively  few  and  of  recent  growth,  and  at  the  time  of 
writing  are  only  available  for  paying  patients.  The  National  Society  for 
the  Prevention  of  Tuberculosis  is  carrying  out  plans  for  sanatoria  for  poor 
patients,  and  corporations  in  different  parts  of  the  country  are  endeavouring 
to  form  local  sanatoria  for  local  use.  These,  however,  are  not  yet  in  working 
order.  What  we  have  to  deal  with  are  a  few  private  ventures  for  paying 
patients,  chosen  on  account  of  some  climatic  or  topographical  advantage. 

Within  the  limit  of  this  article  it  is  impossible  to  do  more  than  roughly 
describe  the  British  sanatoria,  and  some  of  the  best  known  of  the  Contin- 
ental ones.  For  further  details,  Eufenacht  Walter's  exhaustive  treatise  on 
Sanatoria  for  Consumptives  may  be  consulted,  where  a  full  description  of 
all  sanatoria,  both  British  and  foreign,  may  be  found. 

MUNDESLEY,  on  the  coast  of  Norfolk.  The  building  accommodates 
eighteen  persons,  and  is  well  sheltered  from  the  winds.  It  is  situated 
under  the  brow  of  the  hill  looking  south,  and  well  screened  from  the  east 
by  a  copse.  The  building  is  principally  of  wood,  and  is  heated  by  steam. 
There  are  about  14  acres  of  ground  in  which  the  patients  can  walk.  The 
good  results  obtained  by  Burton  Fanning  at  the  Convalescent  Home  at 
Cromer  augur  well  for  the  future  utility  of  the  sanatorium. 

NORDRACH  ON  MENDIP,  in  the  Quantocks,  was  opened  in  1899  by 
two  physicians,  who,  having  lived  some  time  at  Nordrach,  have  followed 
Walther's  system  accurately.  The  results  so  far  have  been  good. 

THE  COTTESWOLD  SANATORIUM,  situated  in  the  Cotteswolds  near  Chel- 
tenham at  an  elevation  of  800  ft.  There  are  7  acres  of  private  ground, 
while,  being  in  the  midst  of  a  common  of  about  1000  acres,  there  is  abund- 
ance of  fresh  air.  The  buildings  are  being  extended,  the  intention  being 
to  eventually  form  a  sanatorium  capable  of  accommodating  50  persons. 

At  BOURNEMOUTH  there  are  two  sanatoria,  one  of  which  has  recently 
been  much  extended.  Here  also  excellent  results  have  been  obtained. 

Sanatoria  have  been  opened  at  RINGWOOD  and  EVERSLEY  in  Hampshire. 
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There  is  a  sanatorium  for  poor  patients  at  DOWNHAM  in  Norfolk,  and  a 
well  built  new  one  for  paying  patients  at  NAYLAND  in  Suffolk. 

In  SCOTLAND  we  have  the  sanatorium  at  CRAIGLEITH,  near  Edinburgh, 
in  connection  with  the  Victoria  Hospital  for  Consumption,  and  that  at 
NORDKACH-ON-DEE,  near  Banchory,  for  paying  patients.  In  Great  Britain 
new  sanatoria  are  being  built  fast,  and  the  reader  will  always  find  a  full 
list  in  the  British  Sanatoria  Annual. 

Turning  now  to  the  Continental  sanatoria.  The  first  to  be  mentioned 
is  the  cradle  of  the  whole  system,  GORBERSDORF,  in  Silesia.  The  sana- 
torium is  situated  at  an  altitude  of  184  ft.,  on  the  slopes  of  a  pine-clad 
valley.  The  building  itself  has  been  gradually  added  to,  and  now  affords 
accommodation  for  104  patients.  The  system  of  treatment  consists  in  rest 
in  the  open  air  for  febrile  patients,  graduated  exercise  for  non-febrile. 
The  traditions  of  Brehmer  still  reigns  in  the  routine  use  of  douches  and 
frictions.  Brehmer's  original  contention  was  that  the  body  could  only  be 
hardened  against  catching  cold  by  a  system  of  hydrotherapy.  Subsequent 
experience  has  rather  inclined  to  the  view  that  immunity  from  cold 
can  be  obtained  more  easily  by  gradual  exposure  to  open  air  without  such 
adventitious  aids.  While  undoubtedly  benefiting  the  neurasthenic  element 
which  exists  in  most  phthisical  patients,  it  is  probable  that  more  permanent 
benefit  is  derived  from  the  slower  method  of  gradual  hardening. 

FALKENSTEIN,  in  the  Taunus  valley,  is  situated  at  an  altitude  of  1312 
ft.,  and  contains  accommodation  for  112  patients.  The  general  plan  of 
treatment  is  open  air,  carried  on  by  rest  in  "  Lieghallen."  The  arrange- 
ments as  to  food  are  largely  adapted  to  the  idiosyncrasies  of  the  patient. 

HOHENHONNEF,  in  the  Siebengebirge,  is  situated  at  an  altitude  of  774  ft. 
The  general  arrangements  as  to  building,  heating,  lighting,  and  so  forth  are 
of  the  most  recent  description.  The  plan  of  treatment  pursued  is  in  the 
main  identical  with  Falkenstein. 

NORDRACH,  in  the  Black  Forest,  is  situated  in  the  valley  of  the  river 
Nordrach,  at  an  altitude  of  1470  ft.  The  arrangements  for  the  cure  are 
somewhat  different  to  those  obtaining  elsewhere.  In  the  first  place,  con- 
finement to  bed  with  open  windows  is  ordered,  rather  than  lying  out  in 
"  Lieghallen."  Further,  Walther  is  an  earnest  advocate  of  large  meals 
at  long  intervals,  rather  than  small  meals  constantly  repeated.  Walther's 
maxim  has  been  throughout,  that  the  habit  of  taking  food  has  to  be  educated 
rather  than  coaxed.  A  further  element  in  the  treatment  consists  in 
graduated  exercise  carried  out  by  slow  walking  for  definite  distances  at 
prescribed  gradients.  The  rationale  of  this  treatment  is  to  prevent  flabbi- 
ness  of  all  the  muscles,  particularly  of  the  heart  muscle,  and  to  hinder 
oedema  of  the  dependent  portions  of  the  lung,  which  may  be  caused  by 
constant  resting  in  the  horizontal  position.  The  lasting  results  of  this 
system,  with  its  enormous  meals,  have  yet  to  await  their  verdict,  but  there 
is  no  doubt  that  the  method  has  had  a  salutary  effect  on  the  general 
attitude  as  to  the  treatment  of  phthisis. 

Within  the  limits  of  this  article  it  is  impossible  to  enter  into  details 
as  regards  other  foreign  sanatoria.  There  remains,  however,  the  DAVOS 
sanatorium,  which  aims  at  combining  the  advantage  of  climatic  treatment 
with  those  accruing  from  the  guidance  obtained  in  a  sanatorium.  The 
building  is  well  placed  in  an  open  space  on  the  outskirts  of  Davos.  The 
system  adopted  is  on  the  same  lines  as  at  Falkenstein.  In  addition  to  this, 
there  exists  at  Davos  a  sanatorium  for  the  poor  of  the  canton  of  Bale, 
which  is  situated  on  an  excellently  well  chosen  site  at  Davos  Dorfli. 
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The  sanatoria  described  above  are  those  which  have  the  chief  claim  to 
the  consideration  of  English  patients.  This  claim  is  based  not  only  on 
their  individual  curative  value,  but  also  on  the  lessons  in  hygiene  which  all 
may  learn  from  the  practice.  These  have  been  selected  as  types. 

There  are,  besides,  many  questions  of  technical  detail  as  to  the  methods 
of  building,  heating,  lighting,  preventing  the  accumulation  of  dust,  and  of 
disinfection,  which  must  be  sought  for  in  treatises  on  the  subject. 

In  conclusion,  there  remains  the  exceedingly  interesting  point  of  the 
provision  of  sanatoria  for  the  poor  near  their  own  homes.  The  subject 
is  a  large  one,  and  will  attain  considerable  proportions  in  the  future.  All 
will  agree  that  a  great  public  benefit  will  result  from  such  institutions,  but 
the  exact  lines  on  which  the  organisation  should  be  carried  on  can  only  be 
determined  by  the  verdict  of  experience. 
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OF  AMERICA . 

THE  territory  of  the  United  States,  exclusive  of  Alaska,  extends  from  the 
Atlantic  to  the  Pacific  Ocean,  and  from  lat.  48°  north  to  lat.  25°  north. 
It  is  quadrilateral  in  shape,  and  has  four  water  fronts,  the  Atlantic  Ocean 
bounding  its  entire  eastern  border,  and  the  Pacific  Ocean  the  whole  of  its 
western  margin,  while  the  eastern  half  of  its  northern  boundary  is  washed 
by  the  fresh  waters  of  the  Great  Lakes,  and  the  shores  of  the  Gulf  of 
Mexico  form  the  eastern  half  of  its  southern  boundary.  The  total  land 
area  comprises  about  three  million  square  miles. 

The  Kurosiwo,  or  warm  Japan  current,  flows  along  the  western  shore, 
lending  mildness  and  equability  to  the  climate  of  the  Pacific  coast.  The 
warm  waters  of  the  Gulf  Stream  temper  in  the  same  way  the  climate  of 
the  shores  of  the  Gulf  of  Mexico ;  but  as  this  current  turns  northward  it  is 
kept  at  a  distance  of  from  twenty  to  a  hundred  miles  from  the  Atlantic 
coast  by  a  cold  current  flowing  southward  from  Baffin's  Bay,  so  that  the 
climate  of  this  coast  throughout  the  greater  part  of  its  extent  is  in  the 
winter  cold  and  variable,  and  in  the  summer,  while  generally  pleasantly 
cool,  it  is  not  so  cool  as  the  Pacific  coast,  except  towards  its  northern 
limits,  and  it  is  also  more  variable.  The  winter  climate  of  the  shores  of 
the  Great  Lakes  is  harsh,  cold,  and  variable  in  winter,  but  agreeably  cool 
and  bracing  in  summer. 

These  water  fronts  are  all  used  by  health-seekers.  The  Lake  shores, 
and  the  Atlantic  coast  north  of  Old  Point  Comfort,  with  the  exception  of 
Atlantic  City,  are  considered  too  cold  for  winter  use.  The  Peninsula  of 
Florida  is  used  by  northern  visitors  only  in  winter,  as  is  also  the  Gulf 
coast,  though  the  inhabitants  of  the  Southern  States  frequent  the  Gulf 
coast  in  the  summer  also.  The  Pacific  coast,  south  of  Point  Conception, 
which  is  near  the  35th  parallel,  is  much  resorted  to  during  the  winter 
months  by  eastern  visitors,  and  it  is  also  frequented  during  the  hot  months 
by  Californians,  its  summer  climate  being  cooler  than  that  of  the  inland 
regions,  exception  being  made  of  the  high  ground  of  the  coast  range. 
Between  these  coasts  are  found  climates  in  great  variety,  and  numerous 
resorts  of  greater,  less,  or  no  elevation,  all  of  them  valuable  in  their 
different  characteristics  to  health  and  pleasure  seekers. 
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It  may  be  said  that  within  the  bounds  of  the  United  States  the  health- 
seeker  can  find  climates  as  varied  and  of  as  good  quality  as  Europe  offers, 
and  they  possess  lower  humidity,  higher  temperature,  and  greater  equability. 
As  to  accommodations,  they  are  equal,  in  the  older  of  the  American 
resorts,  to  those  of  the  resorts  of  Europe,  but  in  most  of  the  newer  and 
less  frequented  places  they  are  very  inferior,  though  there  is  a  rapid 
improvement  in  this  respect  throughout  the  country. 

One  noticeable  feature  of  the  North  American  climate,  as  contrasted 
with  that  of  Europe,  is  that  the  winter  temperature  of  cities  on  the  eastern 
coast  is  much  lower  than  that  of  European  cities  of  the  same  latitude. 
This  is  shown  by  the  difference  between  New  York  and  Naples,  which  are 
at  a  like  distance  from  the  Equator. 

The  interior  of  the  continent  bears  a  resemblance  to  a  great  basin,  the 
eastern  edge  of  which  is  formed  by  the  Appalachian  system  of  mountains, 
while  equidistant  from  the  western  coast  the  Cordilleran  Mountain  system, 
with  its  intervening  valleys  and  deserts,  appears,  having  the  high  peaks 
of  the  Sierra  Nevada  'and  coast  ranges  on  one  border,  and  the  still  higher 
and  more  important  Rocky  Mountain  range  on  the  other. 

The  winds  have,  of  course,  a  very  marked  influence  in  shaping  the 
character  of  the  climate  of  North  America.  The  trade-winds  blow  from 
the  east  between  the  parallels  of  30°  south  and  30°  north  latitude,  while 
the  prevailing  winds  beyond  these  limits  are  westerly,  which  is  the 
general  direction  of  winds  in  the  United  States. 

The  mountains  which  chiefly  interfere  with  the  free  sweep  of  the 
winds  are  the  high  ranges  of  the  Cordilleran  system,  the  more  westerly 
ranges  of  which,  arising  in  Alaska,  follow  the  Pacific  coast,  and  terminate 
in  the  chain  which  extends  through  the  peninsula  of  Lower  California,  and 
the  easterly  ranges,  though  widely  separated  from  the  Californian  moun- 
tains, take  the  same  general  direction.  Near  the  eastern  coast  the 
Appalachian  system  traverses  the  continent  from  the  St.  Lawrence  to 
the  northern  portion  of  Georgia  and  Alabama,  without,  however,  forming 
so  formidable  a  barrier  to  the  passage  of  winds  and  clouds  as  the  other 
and  higher  systems. 

The  westerly  winds  sweep  freely  over  the  lowlands  of  California, 
bearing  moisture  from  the  Pacific  Ocean  and  warmth  from  the  current  of 
the  Kurosiwo,  until  they  are  checked  by  the  Sierra  Nevada  and  coast 
ranges,  upon  whose  slopes  they  precipitate  their  burden  of  vapour  and 
evaporate  their  heat.  Deprived  by  these  mountains  of  the  moisture- 
bearing  westerly  winds,  the  land  lying  to  the  eastward  of  the  Sierras  is 
sandy  and  dry ;  and,  generally  speaking,  these  conditions  prevail  until  the 
lowlands  of  the  Mississippi  basin  (overblown  by  winds  from  the  Gulf  of 
Mexico)  are  reached.  Here  the  climate  becomes  moist  and  variable, 
probably  because  a  portion  of  the  trade  winds  blowing  from  the  Gulf  of 
Mexico  is  deflected  to  the  right  by  the  Mexican  Cordilleras,  and  passes 
northward  over  the  level  region  drained  by  the  Mississippi  and  Ohio 
Rivers,  carrying  its  moisture  with  it.  The  east  and  north-easterly  winds 
blowing  from  off  the  Atlantic  bring  moisture,  coolness,  and  storms  to  the 
eastern  coast. 

On  the  basis  of  the  facts  given  above  we  shall  divide  the  country 
climatically  into  three  parts — 

First,  that  including  the  region  from  the  Atlantic  Ocean  to  the 
neighbourhood  of  the  Rocky  Mountain  system,  possessing,  especially 
throughout  the  Appalachian  Mountains,  very  marked  local  variations. 
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Secondly,  the  high  plateaus  and  mountainous  districts  of  the  Eocky 
Mountain  region,  distinguished  by  a  dry,  cold  climate,  lacking  for  the 
most  part  in  any  element  of  harshness,  and  showing  a  very  large  number 
of  clear  days.  Thirdly,  the  district  extending  from  the  Sierra  Nevada 
Mountains  to  the  shores  of  the  Pacific,  and  possessing  a  moderate,  equable, 
humid  climate,  with  mild  winters. 

Through  the  Appalachian  system  are  scattered  numerous  pleasant 
resorts  at  elevations  from  a  few  hundred  to  three  thousand  feet.  The 
climate  is  cool  and  somewhat  moist.  These  resorts  are  much  frequented 
by  invalids  and  visitors  during  the  summer  season,  and  a  few,  such  as 
Asherville  in  North  Carolina,  Saranac  in  the  Adirondacks,  and  Liberty  in 
New  York  State,  are  used  for  phthisical  patients  in  the  winter. 

The  shores  of  the  Great  Lakes  enjoy  a  very  pleasant  summer  climate, 
cool  and  moderately  damp,  and  the  resorts  afford  excellent  accommodations 
and  facilities  for  amusement.  The  great  forests  surrounding  the  lakes 
in  the  Adirondacks,  and  the  adjacent  country  of  New  England  (and 
particularly  in  the  State  of  Maine),  are  delightful  resorts  during  the 
summer  and  autumn  for  sportsmen  and  campers. 

Along  the  eastern  slope  of  the  Eocky  Mountains  in  Colorado,  New 
Mexico,  and  Arizona,  are  found  numerous  health  resorts,  those  of  Colorado 
being  used  both  in  winter  and  summer.  The  resorts  of  New  Mexico  and 
Arizona  are,  however,  too  hot  for  summer  residence,  though  the  climate  of 
the  adjacent  mountains  is,  at  that  season,  very  agreeable.  The  lowlands 
of  Arizona  and  South-eastern  California,  which  lie  to  the  east  of  the  main 
range,  closely  resemble,  climatically,  the  desert  countries  of  Egypt,  Syria, 
and  Algeria,  but,  unlike  them,  are  lacking  in  good  accommodations  and 
objects  of  interest. 

The  Sierra  Nevada  and  coast  ranges  lying  between  the  so-called  desert 
regions  and  the  Pacific  coast  are  too  cold,  and  have  too  great  a  snowfall, 
to  make  them  of  use  for  winter  residence,  but  the  summer  climate  is 
delightful,  and  they  are  beginning  to  be  much  resorted  to  during  the  warm 
months,  though  the  accommodations  are  at  present  of  a  very  simple 
character. 

The  climate  of  Southern  California  resembles  that  of  the  Eiviera,  but 
the  temperature  is  lower  in  summer  and  higher  in  winter.  The  humidity, 
both  relative  and  absolute,  is  about  the  same.  The  rainfall  in  California 
is  decidedly  less,  and  the  number  of  cloudy  days  is  smaller,  but  there 
is  more  fog. 

The  climate  of  the  Gulf  coast  is  much  more  humid,  and  the  rainfall  is 
greater  than  that  of  Southern  California  or  the  Eiviera. 

On  the  Peninsula  of  Florida,  while  the  climate  is  more  equable,  both 
the  temperature  and  humidity  are  somewhat  increased  over  that  of  the 
Gulf  coast. 

ATLANTIC  COAST  EESORTS. 

The  eastern  climates  arrange  themselves  naturally  under  the  three 
heads  of  Atlantic  coast  resorts,  inland  resorts,  and  island  resorts.  It  is 
not  possible  in  so  short  an  article  to  speak  with  any  detail  of  the  numerous 
resorts  upon  the  Atlantic  coast.  We  can  only  mention  them  in  groups 
based  upon  a  similarity  of  characteristics.  From  the  extreme  northern 
boundary  of  Maine  to  the  southern  coast  of  Massachusetts  are  found 
resorts  possessing  a  cool,  bracing,  marine  (summer)  climate,  but  on  the 
southern  shore  of  Massachusetts  the  climate  at  this  season  is  relaxing  and 
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humid,  the  region  being  subject  to  wet  fogs.  This  district  cannot  there- 
fore be  recommended  for  phthisical  patients,  though  it  is  often  of  the 
greatest  value  in  cases  of  nervousness  and  insomnia. 

Under  the  first  division  come  the  resorts  of  SCARBOROUGH,  OLD 
ORCHARD  BEACH,  KENNEBUNKPORT,  WELLS  BEACH,  YORK,  PORTSMOUTH, 
NEWCASTLE,  RYE  BEACH,  HAMPTON  BEACH,  CAPE  ANN  and  EAST  GLOU- 
CESTER, PLYMOUTH  and  CAPE  COD,  with  its  pretty  quaint  villages.  The 
accommodations  in  all  these  resorts  are  fair,  and  in  many  of  them 
excellent.  One  can  find  throughout  the  district  much  artistic  and 
historical  interest,  and  of  amusements,  such  as  boating,  driving,  fishing, 
bathing,  and  the  like,  there  is  no  lack. 

The  shores  of  LONG  ISLAND  SOUND,  including  the  coasts  of  RHODE 
ISLAND  and  CONNECTICUT,  and  the  beach  of  LONG  ISLAND  itself,  are  lined 
with  summer  resorts,  offering  every  degree  of  fashionableness  and 
simplicity.  NEWPORT  with  its  equable  and  balmy  climate,  its  beauty 
and  its  exotic  life,  NARRAGANSETT  PIER  with  its  magnificent  beach  and  its 
equally  magnificent  hotels,  WATCH  HILL  with  its  beautiful  scenery,  are 
noted  examples  of  what  this  shore  affords ;  but  there  are  many  hundreds  of 
places  climatically  as  delightful,  which  are  yet  untouched  by  fashion,  and 
where,  nevertheless,  the  accommodations  are  perfectly  comfortable  and  the 
interests  sufficiently  varied. 

The  coast  of  NEW  JERSEY  is  no  less  thickly  settled  than  is  the  Con- 
necticut shore,  and  all  these  resorts  find,  during  the  summer,  a  sufficient 
population  of  health  and  pleasure  seekers.  The  beaches  of  the  New 
Jersey  resorts  are  especially  to  be  commended,  and  there  are  at  almost 
all  of  them  interests  and  amusements  enough  to  prevent  any  feeling  of 
monotony.  The  great  disadvantage  of  summer  life  on  this  shore  is  to 
be  found  in  the  swarms  of  mosquitoes,  but  this  pest  is  only  felt  to  the  full 
during  a  land  breeze.  Of  the  New  Jersey  resorts  the  more  noted  are — 

MONMOUTH  BEACH,  LONG  BRANCH  with  its  suburbs,  ASHBURY  PARK  and 
OCEAN  GROVE,  SEA  GIRT,  SQUAM,  BEACH  HAVEN,  BARNEGAT  and  BRIGAN- 
TINE  BEACH,  CAPE  MAY,  and  ATLANTIC  CITY.  As  this  latter  is  used  as 
a  health  resort  in  winter  as  well  as  in  summer,  it  deserves  a  more  detailed 
description.  "  There  is  a  yearly  average  of  six  days  above  90°  F.  temperature, 
and  127  days  below  32°  F.  Number  of  cloudy  days,  110.  The  mean  annual 
relative  humidity  (three  years,  1891-93)  was  82  per  cent. ;  for  winter  81 
per  cent. ;  for  summer,  83  per  cent."  The  sea  breeze  usually  begins  to 
blow  about  11  A.M.  and  continues  until  nightfall.  The  mean  annual 
hourly  wind  movement  for  the  three  years  1891—93  was  11*9  miles. 
The  surface  of  this  district  is  fiat,  and  the  land  breezes  have  therefore 
a  free  sweep,  blowing  over  long  stretches  of  dry,  porous,  sandy  soil.  The 
climate  is  bracing,  unusually  dry  for  sea  air,  and  mild  for  its  latitude ; 
and  the  rainfall  is  evenly  distributed  throughout  the  seasons.  It  is  a 
most  attractive  resort  for  those  who  like  liveliness  and  variety,  as  the 
resources  in  the  way  of  amusements  are  practically  limitless,  and  it  has 
numerous  fine  hotels,  boarding-houses,  and  villas.  In  these  ways,  in  its 
climate  and  in  its  accessibility,  it  resembles  BRIGHTON. 

Farther  down  the  coast  lies  NORFOLK,  the  second  city  of  Virginia,  with 
its  neighbouring  resorts  of  VIRGINIA  BEACH  and  CURRITUCK  SOUND — the 
first  a  seaside  resort  surrounded  by  a  pine  forest,  and  the  second  a  noted 
district  for  wild  fowl  shooting ;  and  a  little  farther  to  the  south  is  situated 
OLD  POINT  COMFORT,  a  military  station  (which  fact  lends  it  an  interest  of 
its  own),  but  equally  a  health  resort,  and  a  very  well-equipped  one.  The 
61 
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accommodations  are  luxurious,  and  the  hotels  have  sun  galleries  protected 
by  glass.  The  climate,  which  is  equable,  having  as  a  rule  no  extreme 
temperatures  either  in  winter  or  in  summer,  is  recommended  for  bronchitis 
and  for  nervous  troubles. 

Much  further  to  the  south,  in  an  almost  tropical  latitude,  is  ST. 
AUGUSTINE,  also  a  military  station,  and  famous  for  its  picturesque  and 
historic  interest. 


Atlantic  Coast  Climates  in  the  United  Slates. 


Locality. 

Mean  Monthly  Temperature,  F. 

Annual  Rainfall. 

January. 

July. 

Annual. 

Eastport  . 
Portland  (Me.) 
Nantucket 

20° 
23° 
33° 

60° 
69° 
67° 

41° 
46° 
48° 

48'4  ii 
42-7 
42-0 

i. 

Wood's  Holl 

31° 

68° 

49° 

44-9 

Newport  . 
Block  Island 

30° 

68° 

50° 
49° 

50-9 
44-4 

Philadelphia 
Baltimore 

33° 
34° 

76° 

78° 

54° 
55° 

40-9 
44-8 

Atlantic  City 
Cape  May 
Norfolk     . 

32° 

34° 
41° 

72° 
74° 
79° 

52° 
53° 
59° 

42-8 
46-7 
52-7 

Charleston 

51° 

82° 

66° 

56-3 

St.  Augustine 

57° 
53° 

81° 

81° 

69° 

68° 

49-2 
59-9 

ATLANTIC  ISLAND  KESORTS. 

The  general  belief  as  to  the  influence  of  the  Gulf  Stream  on  the  climate 
of  the  Atlantic  coast  and  of  the  islands  near  it  is  in  advance  of  the  fact. 
Throughout  the  entire  length  of  this  shore  runs  a  current  of  cold  water 
which  keeps  the  warm  current  at  a  distance  of  from  20  to  100  miles 
from  the  land ;  and  opposite  Sandy  Hook,  urged  by  the  slope  of  the  coast 
and  by  the  excess  of  easterly  momentum  acquired  in  a  lower  latitude,  it 
turns  abruptly  away  and  strikes  across  the  Atlantic.  Therefore,  while  the 
climate  of  those  islands  lying  along  the  lower  portion  of  this  coast  may 
well  feel  the  effect  of  the  warm  waters  of  the  Gulf  Stream,  in  addition  to 
that  of  their  southerly  situation,  those  of  the  upper  shore  (and  among 
these  we  number  the  best  known  island  resorts)  are  beyond  the  reach  of 
such  influence.  As  we  should  expect  from  their  situation,  which  may  be 
likened  to  that  of  an  enormous  raft  anchored  out  at  sea,  we  find  in  the 
island  climates  the  usual  marine  characteristics — equability,  cool  summer 
temperatures,  possibility  of  fogs ;  but  there  is  added  the  modification  of 
these  certain  land  characteristics  also,  and  we  find  it  necessary  to  consider 
the  composition  of  the  soil,  the  degree  of  humidity,  and,  to  some  extent, 
the  configuration  of  the  land  surface. 

Thus,  with  regard  to  MOUNT  DESERT,  we  note  not  only  its  even,  cool, 
refreshing  summer  climate,  and  the  presence  of  fogs,  but  also  that  the 
humidity  seems  not  to  be  excessive  for  a  place  so  situated;  and,  most 
important  of  all,  that  the  island  is  formed  of  granite  rock,  and  that  the 
soil  is  very  dry  and  has  besides  great  power  of  absorption.  The  importance 
of  this  feature  cannot  be  over-rated  in  the  climatic  treatment  of  certain 
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diseases.  As  the  place  possesses  some  low  mountains,  there  are  local 
differences,  owing  to  the  position  of  different  places  with  regard  to  these 
mountains,  to  the  ocean,  and  to  the  wind.  Accommodations  are  good 
throughout  the  island,  and  at  BAR  HARBOUR,  for  example,  they  are 
luxurious. 

The  island  of  NANTUCKET  is  of  a  quite  opposite  configuration.  It  is 
treeless  and  low,  the  soil  is  almost  pure  sand,  it  is  very  dry  and  porous, 
the  air  is  unusually  dry  for  sea  air,  there  are  a  large  number  of  pleasant 
days,  and  the  accommodations  are  excellent.  Nantucket  is  especially 
desirable  as  a  summer  resort.  Its  air  is  pure,  and  it  is  well  suited  for 
certain  phthisical  convalescents. 

We  have  chosen  these  resorts  as  typical  of  the  different  classes  of 
island  places,  but  there  are  many  more  worthy  of  mention.  Among  them 
are  the  ISLES  OF  SHOALS  and  BLOCK  ISLAND,  which  closely  resemble 
Nantucket  in  climate  and  resources. 

EASTERN  INLAND  KESORTS. 

The  inland  resorts  which  classify  under  the  head  of  Eastern  climates 
are  of  such  different  elevations,  and  possess  such  widely  varying  charac- 
teristics, that  generalities  in  regard  to  them  would,  in  every  case,  apply 
only  to  a  small  group  in  a  limited  district.  Those  in  Maine,  for  instance, 
are  for  the  most  part  frequented  in  summer  only,  and  even  at  that  season 
the  greater  number  of  them  are  better  fitted  to  those  in  whom  disease  has 
progressed  no  farther  than  to  demand  rest  and  change  and  a  simple  out- 
door life,  than  to  the  more  advanced  type  of  invalids  whose  needs  include 
luxurious  accommodations  and  careful  watching.  MOOSEHEAD  LAKE,  how- 
ever, offers,  in  the  Mount  Kineo  Hotel,  exceedingly  good  accommodations, 
while  the  amusements — canoeing,  fishing,  and  shooting — are  of  a  very 
wholesome  order.  The  camps  of  the  Maine  woods  are  used  in  winter  as 
well  as  in  summer  by  those  who  wish  to  avoid  the  demands  of  city  life  or 
to  recuperate  from  a  nervous  strain.  In  addition  to  these,  there  are  the 
KANGELY  LAKES,  the  district  known  as  the  AROOSTOOK  farming  country 
and  POLAND  SPRINGS,  all  much  frequented. 

The  mountain  resorts  of  VERMONT  and  NEW  HAMPSHIRE  may,  in  spite 
of  all  and  sundry  local  differences,  be  classified  under  certain  main 
characteristics.  Their  elevation  brings  them  under  the  head  of  climates  of 
low  altitude,  and  ranges  from*  1100  to  1600  ft.  They  have,  as  a  rule,  cool, 
pure  atmosphere,  good  soil,  adequate  sanitary  regulations,  and  accommoda- 
tions which  run  the  gamut  from  the  simple,  comfortable  farmhouse  to  the 
hotel  of  the  higher  order,  which  answers  every  want  or  whim.  Out  of  the 
list  we  may  mention  BETHLEHEM  with  its  especially  low  record  of  humidity, 
DUBLIN  with  its  pure  tonic  air,  and  the  FRANCONIA  VILLAGE  district  with 
its  bracing  atmospheric  conditions  and  its  dry  sandy  soil. 

In  MASSACHUSETTS  are  many  noteworthy  resorts,  which,  however,  we 
cannot  touch  upon  in  this  circumscribed  space.  PRINCETON,  situated  in  a 
hilly  and  rather  commanding  region,  MOUNT  WACHUSET  in  a  comparatively 
mountainous  country,  PETERSHAM  recommended  during  the  summer  and 
early  autumn  for  patients  with  pulmonary  complaints,  and  SHARON  with 
its  sanatorium  for  consumptives,  form  perhaps  as  good  a  selection  as  can 
be  made  to  typify  the  resources  of  the  State. 

The  ADIRONDACK  region  is  by  far  the  most  important,  as  it  is  the  best 
known,  among  the  districts  we  have  yet  spoken  of,  for  the  climatic  treat- 
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ment  of  disease.  Its  climate  may  be  characterised  as  cool  and  moist  in 
summer  and  quite  cold  and  moderately  dry  in  winter.  There  are  many 
cloudy  days,  and  the  humidity  is  high,  but,  on  the  other  hand,  there  are 
the  advantages  which  come  from  a  considerable  elevation ;  the  region  is 
covered  with  spruce,  pine,  balsam,  and  hemlock  forests,  and  the  soil  is 
generally  light  and  sandy.  Add  to  this  that  invalids  may  here  live  their 
necessarily  somewhat  circumscribed  lives  under  the  helpful  restrictions 
and  kindly  wisdom  conditional  to  the  best  sort  of  sanatorium  life,  and  one 
can  easily  understand  the  good  results  which  the  health  tables  from  this 
district  report.  PAUL  SMITH'S,  the  SARANAC  district,  BLUE  MOUNTAIN 
LAKE,  ADIRONDACK  LODGE,  and  KEENE  VALLEY  are  among  the  best  known 
resorts,  and  range  from  about  1000  to  2200  ft.  in  altitude. 

NEW  YORK  possesses  a  mineral  spring  district.  At  EICHFIELD  SPRINGS 
(1700  ft.  elevation)  are  sulphur  waters,  used  both  for  drinking  and 
bathing,  and  at  SHARON  SPRINGS,  not  far  distant,  and  lying  at  a  height  of 
1350  ft.,  are  sulphur  and  chalybeate  springs,  used  chiefly  for  baths. 
SARATOGA  is  almost  too  well  known  to  need  mention.  Its  climate  is 
comparatively  dry,  and  the  district  in  which  it  lies  is  not  subject  to  high 
winds  nor  to  fogs.  The  mineral  waters  at  Saratoga  are  both  tonic  and 
cathartic,  and  have  a  temperature  of  45°  or  50°  F. 

Eunning  through  NEW  JERSEY  is  a  continuous  strip  of  land,  which,  being 
covered  with  pine  forests,  is  known  as  the  PINE  BELT.  The  resources  of 
this  region,  both  as  to  beauty  and  accommodations,  have  been  highly 
developed  in  and  near  LAKEWOOD,  its  most  noted  resort,  and  it  is  much 
frequented  during  the  winter  by  phthisical  patients  and  other  invalids. 

The  ALLEGHANY  MOUNTAINS,  which  extend  through  several  States, 
abound  in  resorts  which  offer  the  advantages  of  a  cool,  germ-free  air, 
moderate  altitude,  and  comfortable  accommodations.  The  greater  part 
of  them  are  used  in  summer  only.  Among  the  Alleghany  resorts  we 
may  make  mention  of  MAUCH  CHUNK,  CRESSON,  and  MOUNT  POCONO  in 
Pennsylvania,  DEER  PARK  in  Maryland,  and  CHATTANOOGA  in  Tennessee. 
To  these  may  be  added  among  inland  resorts  the  different  mineral  springs 
of  Virginia  and  West  Virginia,  of  North  Carolina  and  Arkansas.  These 
resorts,  however,  beginning  with  Deer  Park,  almost  fall  under  the  head 
of  Southern  climates. 

The  most  important  Eastern  climates  to  the  south  are  the  cities  of  ASHE- 
VILLE  in  North  Carolina,  and  of  CAMDEN  and  AIKEN  in  South  Carolina,  and 
the  resorts  of  the  peninsula  whose  climatic  characteristics  we  will  notice 
generally.  Both  Asheville  and  Aiken  are  situated  on  comparatively 
high  plateaux,  but  the  elevation  of  the  former  is  about  four  times  that 
of  the  latter,  being  2250  ft.,  and  it  is  a  much  larger  place.  The  soil 
of  Asheville  is  a  red  clay,  sandy  in  parts,  while  the  soil  of  Aiken  is 
sandy  throughout,  and  the  town  is  situated  in  a  region  where  the  long- 
leafed  pine  grows  abundantly.  Camden  is  much  lower  than  either  of  the 
other  resorts,  and  is  situated  in  the  Pine  Belt  of  South  Carolina.  All  three 
are  used  as  winter  residences. 

AUGUSTA  is  a  pleasant  city,  situated  in  Georgia,  and  lying  about  400  ft. 
lower  than  does  Aiken,  although  just  as  far  from  the  sea-coast.  Many 
visitors  resort  to  this  place,  and  both  visitors  and  invalids  go  to  SUMMER- 
VILLE,  not  far  distant,  where  there  is  a  fine  hotel. 

THOMASVILLE  has  an  elevation  of  only  330  ft.,  but  it  is  situated  in  the 
extreme  southern  part  of  Georgia,  near  the  Florida  line,  and  consequently 
in  the  midst  of  pine  woods.  The  soil  is  sandy,  and  there  is  a  good  water 
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supply  and  excellent  accommodation.  Both  Augusta  and  Thomasville 
have  temperate,  pleasant,  sedative  winter  climates. 

Along  the  Gulf  coast  from  Pensacola  to  New  Orleans  are  many  resorts 
where  the  winters  are  mild  and  the  summers  cooler  than  on  the  neighbour- 
ing islands.  Among  them  the  best  known  is  PASS  CHEISTIAN. 

FLORIDA  has  been  much  used  in  the  climatic  treatment  of  consumption, 
but  it  is  found  that  the  enervating  air  is  not  the  best  thing  for  the  anaemia 
almost  invariably  accompanying  phthisis,  while  the  invalid's  depressed 
vitality  renders  him  especially  prone  to  the  inroads  of  those  malarial 
diseases  which,  at  certain  seasons  of  the  year,  materially  diminish  the 
value  of  many  Florida  resorts ;  but  for  elderly  people,  well-nourished 
people  with  irritable  catarrhs,  and  certain  convalescents,  Florida  is  ex- 
tremely well  suited ;  and  the  out-door  life,  which  is  so  essentially  a  feature 
of  an  invalid's  existence,  is  here  particularly  attractive,  and  the  accom- 
modations are  in  the  more  important  places  of  the  very  best.  The  resorts 
of  the  peninsula  include  JACKSONVILLE,  PALATKA,  WINTER  PARK,  ORLANDO, 
EUSTIS,  MOUNT  DORA,  TAMPA,  Los  PINELLAS,  the  LAKE  WORTH  district ; 
and  we  have  by  no  means  exhausted  the  list. 

The  most  westerly  of  the  resorts  upon  the  Gulf  of  Mexico  is  GALVESTON 
in  the  State  of  Texas.  It  is  situated  on  an  island  four  miles  from  the 
shores  of  the  Gulf  of  Mexico,  and  has  a  population  of  35,000.  The 
resources,  both  as  to  accommodations  and  amusements,  are  good.  The 
surface  is  level,  the  soil  sandy,  the  climate  warm  and  humid,  and  the 
wind  movement  is  117  miles  an  hour.  For  winter  the  mean  temperature 
is  55°  F. 

Proceeding  inland  in  a  northerly  direction,  we  reach  SAN  ANTONIO, 
Texas,  which  is  a  picturesque  Mexican  town,  lying  130  miles  inland  from 
the  Gulf,  and  possessing  an  elevation  of  650  ft.  The  winter  climate  is 
mild,  moist,  and  somewhat  relaxing ;  the  average  wind  movement  is  seven 
miles  an  hour.  The  summers  are  hot.  The  town  is  built  upon  a  clay 
soil,  and  cannot  be  said  to  be  well  suited  for  phthisical  patients  ;  but  at  the 
little  village  of  BOERNE,  distant  from  San  Antonio  about  thirty  miles,  they 
often  do  well.  The  elevation  of  Boerne  is  1670  ft.,  and  the  soil  is  sandy. 
The  accommodations,  while  of  a  simple  order,  are  good. 

Geographically,  EL  PASO  should  be  described  with  the  resorts  of  Texas, 
but  as,  climatically,  it  belongs  to  the  Eocky  Mountain  region,  we  will 
include  it  with  these  resorts. 

EOCKY  MOUNTAIN  EESORTS. 

Before  describing  any  localities,  it  is  necessary  to  remark  on  the  climatic 
characteristics  common  to  this  whole  district.  Owing  to  its  great  distance 
from  the  ocean,  and  its  relation  to  the  main  mountain  ranges  of  the  con- 
tinent, this  climate  is  everywhere  extremely  dry,  with  brilliant  sunlight 
and  unusually  high  solar  temperatures.  Eelatively  (and,  indeed,  on  the 
high  ground,  actually),  the  shade  temperatures  are  low  ;  the  nights  are  cool, 
and  the  days  warm,  quite  beyond  anything  experienced  in  any  other  climate 
at  present  available  for  invalids. 

The  annual  means  range  as  follows:  Eelative  humidity,  from  42  to  50; 
absolute  humidity,  between  1*79  grs.  and  3'25  grs.  per  cubic  ft.  of  air ;  rain- 
fall, from  15  to  17  in. ;  the  number  of  cloudy  days,  from  30  to  57,  and  the 
temperature,  from  40°  F.  at  Estes  Park  (in  the  N.W.  of  Colorado),  to  72°  F.  at 
Yuma  (in  the  S.W.  of  Arizona).  The  elevations  vary  from  7200  ft.  at 
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Estes  Park,  to  140  ft.  at  Yuina.  The  latitude  of  the  district  thus  taken  for 
description  extends  from  40°  to  33°.  The  annual  wind  movement  ranges 
from  3379  to  6663  miles. 

Sheltered  throughout  its  entire  length  by  the  chains  of  the  Rocky 
Mountains,  in  parts  very  lofty,  this  strip  of  country  is  exceedingly  dry. 
The  precipitation  over  the  region  comprised  in  Arizona  and  New  Mexico 
occurs  during  the  two  rainy  seasons,  one  in  winter  and  another  in  summer, 
and  is  less  than  in  Colorado,  where  the  rainfall  takes  place  during  the 
latter  part  of  spring  and  in  summer.  The  spring  season  is  much  drier, 
pleasanter,  and  less  stormy  in  Southern  Arizona  and  in  Southern  New 
Mexico,  but  the  autumn  and  winter  weather  is  good  throughout  the  entire 
region,  though  the  latter  season  is,  of  course,  more  severe  in  the  northern 
latitudes.  The  temperature  of  this  strip  of  country  should,  in  fact,  be  con- 
sidered together  with  the  latitude,  the  altitude,  and  the  wind  movement.  We 
have  appended  tables  (p.  973)  which  show  that,  in  regard  to  temperature, 
the  altitude  of  a  resort  is  more  important  than  its  latitude,  and  that  it  is 
also  important,  though  in  a  less  degree,  in  regard  to  wind  velocity,  which 
in  its  turn  has  much  influence  upon  the  sensible  temperature  of  a  locality. 

In  the  northern  part  of  the  district  under  consideration,  resorts  of  5000 
ft.  elevation  and  upwards  are,  during  the  summer,  cool  and  moderately  dry ; 
but  in  Southern  New  Mexico  and  Southern  Arizona  one  must  advance  the 
elevation  to  7000  ft.  to  find  the  same  conditions ;  and  very  few  invalids  can 
endure,  much  less  benefit  by,  the  excessive  dry  heat  which  obtains  there 
during  this  season. 

Another  very  striking  point  of  this  region,  and  more  especially  of  that 
part  of  it  lying  on  the  eastern  slopes  of  the  Eocky  Mountains,  is  the  num- 
ber of  hours  of  sunlight  which  it  receives.  Here  the  sun  has  not  to  sur- 
mount high  ranges  before  he  begins  to  spread  his  warmth  and  cheer.  The 
sun  rises  before  the  invalid  awakes,  and,  in  the  words  of  Charles  Lamb, 
"  the  day  is  well  aired  "  by  the  time  he  is  ready  to  walk  abroad,  instead  of 
being  in  shadow  and  chilly  till  the  mid-morning,  as  in  Switzerland.  In 
Davos,  the  sun,  on  January  1,  does  not  rise  until  10  A.M.,  and  sets  at  3 
in  the  afternoon,  a  possible  sunshine  of  only  five  hours.  In  Colorado 
Springs,  on  the  same  day,  the  sun  rises  at  7.20  A.M.,  and  do'es  not  set  till 
4.9  P.M.,  giving  four  hours  more  sunshine. 

The  resorts  of  the  Rockies  have  other  advantages  than  this  over  Davos. 
None  of  them  are  so  confined  in  space,  so  limited  in  amusements,  so  devoid 
of  business  interests  of  one  sort  or  another  ;  in  none  of  them  is  the  resident 
confined  in  his  acquaintanceships  and  friendships  to  the  exclusive  society 
of  other  invalids  and  their  attendants.  On  the  other  hand,  it  must  be  said 
that  in  few  of  the  Rocky  Mountain  resorts  have  the  accommodations 
reached  such  a  pitch  of  excellence  as  have  those  of  Davos,  but  there  are 
some  places  which  can  vie  with  it,  and  the  general  level  in  this  matter  is 
continually  rising.  In  the  Alpine  resorts,  while  there  is  more  cold,  and 
the  snow  lies  continually  on  the  ground,  as  a  compensation  there  is  less 
wind  and  dust. 

The  soil  upon  which  any  resort  is  built  is  a  most  important  detail,  and 
one  too  often  neglected  in  reports  of  localities.  It  is  also  a  detail  about 
which  it  is  often  hard  to  generalise,  but,  very  broadly  speaking,  it  may  be 
stated  that  on  the  lower  ground  of  Arizona,  where  the  towns  are,  for  con- 
venience, built  in  or  near  the  river  valleys,  the  soil  is  mainly  adobe,  giving 
rise,  in  dry  weather,  to  a  most  irritating,  fine  alkaline  dust,  and  forming,  in 
stormy  weather,  a  clay  basis  well  nigh  impenetrable  by  rain  or  snow,  and 
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affording,  therefore,  no  ready  surface  drainage.  On  the  higher  slopes,  both 
here  and  elsewhere  throughout  the  district,  one  is  apt  to  find  a  heavy, 
sandy,  porous  soil,  excellent  in  all  respects,  and  less  easily  giving  forth 
dust.  The  importance  of  this  last  detail  in  connection  with  the  wind 
movement  of  any  locality  is  obvious. 

The  truth  of  the  matter  is,  that  whereas  places  like  Davos  find  their 
raison  d'etre  in  the  fact  that  they  are  curative  resorts,  the  towns  and  vil- 
lages of  this  district  have  been  built  for  the  convenience  of  settlers  who 
are  by  no  means  always  invalids.  Hence  their  generally  poorer  accommo- 
dations, their  increased  cheerfulness,  and  their  (usually)  more  extended 
resources  in  regard  to  business  and  amusements. 

Among  these  resorts  we  may  mention,  beginning  with  the  least  elevated 
and  the  most  southerly — 

PHOZNIX,  Ariz.;  elevation,  1100  ft.;  population,  10,000,  with  a  desert 
climate.  The  local  dryness  is,  however,  so  modified  by  the  kind  and  amount 
of  irrigation,  that  a  slight  fog  is  often  noticeable  in  the  morning  and  even- 
ing. The  accommodations  are  fair,  it  being  a  city  of  some  importance. 
Outside  the  city  the  advantages  of  camping  in  the  desert,  as  in  Egypt,  can 
be  obtained. 

TUCSON  ;  elevation,  2400  ft. ;  population,  6000 ;  is  a  smaller  city,  with 
slightly  inferior  accommodations  to  Phoenix,  but  a  better  climate ;  drier, 
cooler,  and  more  bracing,  owing  to  the  greater  elevation  and  absence  of 
irrigation. 

EL  PASO,  Texas  ;  elevation,  3700  ft. ;  population,  10,000  ;  has  a  warm, 
dry,  bright  winter  climate,  but  excessive  midday  temperatures  in  summer. 
The  resources  are  only  moderately  good. 

LAS  CRUCES,  N.  M. ;  elevation,  3800  ft. ;  population,  3000 ;  is  near  El 
Paso,  and  similar  to  it  in  climate.  It  is  less  dusty  and  more  sheltered 
than  El  Paso,  but  has  also  fewer  resources,  and  is  less  interesting. 

ORACLE;  elevation, 4500  ft.;  forty  miles  distant  from  Tucson ;  has  perhaps 
the  best  climate  in  Arizona.  It  is  a  pretty  and  attractive  little  place, 
with  only  a  few  houses.  It  is  situated  in  the  midst  of  a  pleasant  country, 
offering  good  plain  accommodation. 

SILVER  CITY,  N.  M. ;  elevation,  5800  ft. ;  has  a  magnificent  climate, 
though  poor  accommodations,  being  chiefly  a  mining  town. 

SANTA  FE  lies  at  an  altitude  of  7000  ft.,  has  an  equally  fine  climate, 
but  with  good  accommodations,  and  is  an  interesting  little  city. 

LAS  VEGAS,  N.  M. ;  6500  ft. ;  has  also  a  good  winter  climate,  but  inferior 
accommodations.  However,  a  few  miles  distant,  at  Las  Vegas  Hot  Springs 
(7000  ft.  elevation),  there  is  a  good  sanatorium.  The  springs  have  but 
little  therapeutic  value. 

In  Colorado,  CANON  CITY  (elevation,  5300  ft.)  has  also  mineral  springs, 
and  near  them  is  a  small  hotel.  The  town  is  in  the  midst  of  a  great  fruit- 
growing country,  and  is  a  quiet,  pretty,  sheltered  place,  with  fair  accom- 
modations. 

DENVER,  Colorado,  also  at  an  altitude  of  5300  ft.,  is  a  remarkably 
handsome  and  important  city  of  150,000  people,  with  the  advantages  and 
disadvantages  of  a  city,  from  an  invalid's  point  of  view.  It  has  lower 
winter  temperatures  than  Canon  City,  but  has  also  less  humidity  and  a 
better  soil,  and  the  accommodations  of  every  sort  are  of  the  best. 

COLORADO  SPRINGS,  Colorado ;  population,  25,000 ;  lying  seventy-five 
miles  south  of  Denver,  at  an  elevation  of  6000  ft. ;  was  laid  out  for  and  is 
distinctly  a  health  resort ;  is  attractive  and  well  regulated,  from  a  sanitary 
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and  municipal  standpoint.  Compared  with  Denver,  it  is  a  little  warmer 
in  winter  and  cooler  in  summer,  with  somewhat  less  snow  in  winter  and 
more  rain  in  summer ;  slightly  drier  but  more  windy,  owing  to  its  proximity 
to  the  mountains.  This,  however,  gives  it  a  charming  and  varied  neigh- 
bourhood, which  Denver  lacks.  The  proximity  of  the  Cripple  Creek 
mines  has  lent  great  business  possibilities  to  the  town,  without  so  far 
interfering  with  the  conditions  essential  to  a  health  resort.  The  accom- 
modations are  first-class.,  and  the  amusements  varied  and  of  a  healthy 
order.  The  climate  of  this  locality  is  the  most  stimulating  among  the 
resorts  we  have  mentioned  as  typical  of  the  Eocky  Mountain  region. 

ESTES  PAEK  and  MANITOU  PARK  are  valleys  lying  at  a  considerable 
altitude,  and  are  used  with  great  success  during  the  summer  months  by 
phthisical  and  nervous  patients.  The  accommodations  are  good,  and 
especially  so  at  Manitou  Park. 

CALIFORNIA  BESORTS. 

In  any  account  of  the  climate  of  California  the  topography  of  the 
country  must  first  be  considered,  and  it  must  also  be  remembered  that 
when  one  speaks  of  California  with  regard  to  climatic  therapeutics, 
Southern  California  only  is  meant,  for  the  northern  part  of  the  State  is 
not,  in  this  connection,  worth  consideration. 

South  of  the  parallel  of  35°,  the  mountains,  which  above  this  follow 
the  shore-line  very  closely,  take  a  turn  inland,  leaving,  between  them  and 
the  coast,  beautiful  and  fertile  valleys  open  to  the  influence  of  the  sea  air. 
These  inland  tracts  of  country  are  very  irregular  in  their  area,  often 
branching  out  into  rolling  uplands,  which  have,  says  Widney,  "  a  rich 
deep  soil,  and  are  well  watered  by  numerous  small  streams."  To  the 
north  and  east  of  these,  and  separated  from  them  by  the  Southern  Coast 
Eange  (a  chain  of  mountains  extending  from  the  Tehachapi  region  to 
Mount  San  Bernardino),  are  the  great  deserts  which,  in  the  tract  known 
as  the  Mohave  Desert,  have  an  elevation  of  2000  ft.,  whereas  in  the 
south-east  corner  of  the  State  the  land  is  in  places  300  ft.  below  sea 
level. 

We  have  thus  in  this  single  region  three  most  important  and  strongly 
contrasted  climatic  factors, — the  ocean  influence,  tending,  of  course,  to 
charge  the  atmosphere  with  dampness ;  the  mountain  influence,  tending  to 
rid  the  air  of  moisture  through  precipitation ;  and  the  influence  of  the 
deserts,  very  plainly  perceptible  beyond  their  geographical  limits.  A  little 
thought  about  the  matter  will  make  obvious  the  reasons  for  the  many 
persistent  contradictions  embodied  in  the  climatological  writings  with 
regard  to  this  region.  It  is  continually  said  that  California  has  a  dry 
climate,  and  we  are  then  told  of  fogs  and  dews  so  heavy  as  to  render 
irrigation  unnecessary,  and  even,  if  properly  treated,  to  furnish  an 
adequate  water  supply.  If  made  as  generalisations,  it  is  evident  that  both 
of  these  statements  cannot  be  true,  and  as  a  matter  of  fact  both  are  false  ; 
as  statements  concerning  localities,  they  are,  on  the  contrary,  perfectly 
just.  All  places  in  California  within  a  predominating  ocean  influence  are 
damp,  have  an  even  exceptionally  humid  climate,  because  the  sea,  being 
warm,  is  in  the  best  condition  for  giving  off  moisture,  and  the  winds, 
belonging  to  a  system  of  passage  winds,  and  blowing  through  an  arc  from 
south-west  to  north-west,  present  the  best  conditions  for  absorption. 
Then,  too,  it  must  be  kept  in  mind  that  the  climate  of  this  region,  being 
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both  warm  and  equable,  does  not  (except  during  certain  seasons,  and  then 
these  conditions  are  to  a  great  extent  temporarily  set  aside)  favour  excess- 
ive precipitation,  because  of  which  the  winds  retain  their  moisture  for  a 
longer  time,  and  are  enabled  to  spread  their  influence  over  a  broader  area 
than  would  otherwise  be  the  case.  Therefore  we  sometimes  find  the 
phenomenon  of  an  exceedingly  humid  atmosphere  united  to  a  com- 
paratively small  rainfall,  and  a  consequent  large  number  of  sunny  days. 
For  instance,  during  the  almost  rainless  summer  season,  in  certain  places 
the  relative  humidity,  as  shown  by  Government  reports,  is  equal  to  that  of 
the  winter  season.  The  cooler  ocean  wind  flowing  in  upon  the  warmer 
air  over  land  areas  causes  the  formation  of  fogs  (that  is  to  say,  it  con- 
denses the  moisture  in  the  warmer  air  into  visible  vapour),  and,  while 
these  are  not  found  immediately  along  the  coast,  unless  there  is  also  fog 
over  the  ocean,  many  of  the  interior  valleys  nearer  to  the  mountain 
ranges  are  subject  to  a  night  fog ;  even  the  ocean  might  at  the  time  be 
clear,  because  they  are  not  far  enough  removed  from  the  coast  to  escape 
the  dampness  which  is  then  condensed  by  the  cool  wind  blowing  at  even- 
ing off  the  mountain  slopes.  These  fogs,  it  is  said,  rarely  appear  at 
altitudes  over  2000  ft. ;  and  among  the  pines  on  the  Sierras,  at  an  altitude 
of  4000  or  5000  ft.,  the  relative  humidity  in  summer  and  during  the 
middle  of  the  day  is  sometimes  as  low  as  20  per  cent. 

The  desert  climate  is  indeed  dry — dry  and  hot,  and  with  a  yearly  average 
of  about  twenty  cloudy  days.  But,  leaving  aside  the  fact  that  summer 
temperatures  are  so  excessive  as  to  render  a  yearly  change  of  residence 
necessary,  the  conditions  of  this  district  are  not  such  as  to  lead  to  quick 
and  thorough  civilisation,  and  the  accommodations  are  better  suited  to 
the  rugged  pioneer  than  to  the  needs  of  an  invalid,  even  of  the  more 
robust  type. 

To  sum  up  the  matter,  then,  we  may  characterise  the  climate  of  the 
coast  as  cool  and  moist,  that  of  the  interior  as  hot  and  dry,  and  between 
these  two,  on  the  so-called  "  benches,"  which  have  an  elevation  of  from 
1500  to  3000  ft.,  a  moderately  dry  atmosphere.  The  summers  away 
from  the  sea  are,  however,  pretty  hot.  "  To  put  it  a  little  differently, 
it  should  be  thoroughly  understood  by  the  Eastern  visitor  in  search 
of  health,  that  if  he  seeks  more  days  of  sunshine  and  opportunities 
for  out-door  life,  with  a  more  equable  temperature,  and  an  average 
humidity  a  little  greater  than  that  of  New  York  and  Boston,  he  can 
find  what  he  desires  at  Santa  Barbara  or  San  Diego.  If  he  needs 
the  element  of  absolute  dryness,  with  low  altitude  and  sunshine, 
he  will  hardly  find  them  except  along  the  low  plains  of  Arizona 
and  New  Mexico;  that  is,  while  the  barren  inland  desert  country  of 
California  is  dry,  it  lacks  the  conveniences  of  civilisation,  which  cannot 
be  obtained  short  of  the  towns  of  Phoanix,  Tucson,  or  El  Paso."  The 
following  are  some  of  the  most  prominent  and  most  useful  of  California 
resorts : — 

SAN  DIEGO,  situated  upon  a  beautiful  bay,  has  a  very  equable  if  some- 
what humid  climate,  the  range  of  temperature  between  summer  and 
winter  being  15°  F.  or  less.  The  annual  rainfall  is  about  10  in.,  and  fogs 
are  less  prevalent  than  at  Los  Angeles.  The  soil  in  the  highest  parts  of 
the  town  is  sandy,  and  a  supply  of  pure  soft  water  is  brought  from  the 
mountains.  There  are  also  a  number  of  good  hotels  and  several 
tramways. 

At  COLORADO  BEACH,  near  San  Diego,  and  reached  from  there  by  ferry, 
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there  is  a  very  magnificent  hotel  with  a  tropical  garden.  This  place  is 
much  resorted  to  by  those  who  desire  an  equable  marine  climate  and 
luxurious  living. 

Los  ANGELES,  population  120,000,  is  situated  in  the  centre  of  a  rolling 
plain,  which  extends  about  twenty-eight  miles  from  the  sea  to  the  moun- 
tains. The  mean  annual  relative  humidity  is  about  72  per  cent.,  and  fogs 
are  frequent  in  the  mornings  and  evenings.  The  town  is  a  picturesque 
and  interesting  place,  with  a  good  water  supply,  many  and  excellent  hotels, 
churches,  and  cable  and  electric  tramways,  but  invalids  generally  do  better 
outside  Los  Angeles  than  within  its  limits. 

PASADENA  is  a  suburb  of  Los  Angeles,  distant  about  nine  miles,  and 
lies  further  from  the  sea  and  nearer  to  the  mountains.  It  is  a  very 
attractive  place,  with  excellent  accommodations.  The  relative  humidity 
is  about  60  per  cent.  On  the  neighbouring  mountain  slopes  are  several 
hotels  where  invalids  can  get  above  the  fogs,  and  enjoy  sunshine,  cool  air, 
and  beautiful  views. 

SIERKA  MADRE  is  a  settlement  to  the  north-east  of  Los  Angeles,  and 
twelve  miles  away.  It  has  an  elevation  of  1700  ft.,  is  situated  at  the  base 
of  the  foot  hills,  and  has  less  frost  than  is  to  be  found  in  the  lower  valleys, 
and  less  fog.  The  State  Board  of  Health  in  1880  declared  the  climate  of 
Sierra  Madre  to  be  the  most  desirable  in  Southern  California  for 
consumptives. 

ECHO  MOUNTAIN  and  MOUNT  LOWE,  with  elevations  of  3500  ft.  and 
6000  ft.  respectively,  are  reached  from  Pasadena,  and  lie  high  enough  to  be 
entirely  above  the  influence  of  fog.  The  climate  is  said  to  be  warmer  in 
winter  and  cooler  in  summer  than  that  of  the  plain  below,  and  is  very 
equable.  Echo  Mountain  has  on  its  slopes  a  good  hotel,  and  Mount  Lowe 
a  handsome  stone  hotel  on  its  summit. 

RIVERSIDE  is  a  handsome  residential  town  about  sixty  miles  from  Los 
Angeles.  It  has  hard,  well-shaded  roads,  and  is  famous  for  its  orange 
groves.  The  accommodations  are  good.  Fogs  are  less  felt  here  than  at 
points  nearer  the  coast  and  mountains,  and  there  are  a  great  number  of 
clear  days,  but  the  temperature,  which  in  winter  is  75°  to  80°  F.,  rises  in 
summer  to  a  maximum  of  108°  to  110°  F. 

EEDLANDS  is  a  beautifully  situated  town,  with  an  elevation  of  1350  ft. 
It  lies  about  fifty  miles  from  the  Pacific  Ocean.  The  sea  breeze  blows 
from  about  10  o'clock  A.M.  until  sunset,  and  the  mountains  form,  in 
ordinary,  an  effectual  protection  against  the  desert  winds.  There  is  often 
an  early  morning  fog,  but  it  usually  vanishes  by  nine  o'clock ;  and  if,  in 
summer,  the  mercury  goes  rather  high,  the  town  lies  very  near  the  cool, 
wooded  mountain  slopes.  The  mean  relative  humidity  for  winter  is 
about  46  per  cent.,  the  general  average  being  5  per  cent,  less  than  that 
of  Los  Angeles,  and  the  rainfall  is  about  15 '32  in.  The  hotels  at  Red- 
lands  are  not  large,  but  they  are  well  kept,  and  the  water  supply  is 
unsurpassed.  The  place  possesses  perhaps  the  best  medium  climate  in 
California. 

At  a  few  miles  distance  from  Redlands  are  BEAUMONT  and  BANNING, 
resorts  typical  of  the  "benches"  mentioned  above.  The  first  has  an 
elevation  of  2560  ft.,  and  the  second  of  2300  ft.  Both  resorts  are  much 
drier  than  the  places  farther  west,  and  have  a  pure,  invigorating  air. 
They  are  subject  to  the  desert  winds,  which,  while  healthful  in  themselves, 
are  very  tiresomely  persistent ;  and  while  it  is  possible  to  get  rid  of  these 
breezes  at  Beaumont  by  seeking  the  shelter  of  the  foot  hills,  it  is  difficult 
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to  escape  them  at  Banning.  The  accommodations  at  Beaumont  are  poor, 
but  Banning  has  a  fairly  good  hotel. 

PALM  SPRINGS,  lying  on  the  eastern  slope  of  the  San  Jacinto  range  and 
on  the  edge  of  the  desert,  has  an  elevation  of  only  580  ft.  A  hot  sulphur 
spring  flows  abundantly,  and  gives  the  place  its  name.  The  climate  is 
warm  in  winter,  and  palms,  figs,  oranges,  and  lemons  grow  abundantly, 
fruits  and  vegetables  being  produced  earlier  here  than  at  places  subject  to 
the  sweep  of  the  ocean  winds.  As  might  be  expected,  however,  the 
summers  are  unendurably  hot. 

INDIO  is  situated  on  the  edge  of  a  great  depression  in  the  surface  of 
that  tract  known  as  the  Colorado  Desert,  which,  at  its  lowest,  reaches  a 
depth  of  360  ft.  below  sea  level.  Indio,  which  is  on  the  Southern  Pacific 
Railroad,  about  130  miles  east  of  Los  Angeles,  is  on  the  northern  rim  of 
this  depression,  and  is  50  ft.  below  sea  level.  The  annual  rainfall  is  about 
2J  in.  The  highest  temperature  for  the  year  1894  was  117°,  and  the  lowest 
23°  F.  No  humidity  records  have  been  kept,  but  the  air  is  extremely  dry. 
Indio,  in  spite  of  its  desert  location,  is  by  no  means  a  barren  spot.  By 
means  of  irrigation  many  flowers  and  plants  are  grown,  including  date- 
palms,  which,  near  the  mountains,  sometimes  reach  a  height  of  80  feet. 
There  is  a  good,  though  small,  hotel,  and  a  number  of  cottages  have  also 
been  built  for  the  accommodation  of  visitors. 

The  OJAI  VALLEY,  which  has  an  elevation  of  from  900  to  1200  ft.,  is  a 
"  pocket"  in  the  mountains,  which  rise  about  it  in  some  places  to  a  height 
of  6000  ft.  It  is  thus  sheltered  from  harsh  winds,  and  is  partially  pro- 
tected from  sea  fogs.  The  means  for  1895  ran  as  follows : — Mean  maximum 
temperatures — mean  max.  for  winter,  67° ;  for  spring,  71°  F.  Mean  minimum 
temperatures — for  winter,  66°;  for  spring,  65°  F. ;  relative  humidity — winter, 
65,  spring  66.  The  year  1895  showed  also,  during  winter,  four  foggy 
mornings  and  fourteen  rainy  days ;  during  spring,  twenty-nine  foggy 
mornings  and  eight  rainy  days.  The  summer  records  show  high  tempera- 
tures and  frequent  night  fogs ;  but  the  winter  climate  is  agreeable. 
There  are  hot  springs  (soda,  carbonated  and  sulphuretted,  in  the  vicinity), 
and  the  scenery  is  beautiful.  The  accommodations  are  simple,  but 
good. 

SANTA  BARBARA,  a  most  beautiful  and  attractive  resort,  is  situated  near 
the  sea  and  in  the  midst  of  a  strip  of  plain,  which,  eighty  miles  long  and 
four  miles  wide,  rises  300  or  400  ft.  from  the  coast  to  the  foot  hills.  At  the 
north  the  Santa  Inez  range  of  mountains  reaches  a  height  of  3000  ft.,  thus 
affording  protection  against  winds  blowing  from  the  north  and  west,  and 
the  Channel  Islands  lying  to  the  south  form  something  of  a  break  to 
strong  south  and  west  winds. 

The  soil  is  alluvial  and  adobe,  fertile  but  moist,  and  the  water  (which 
contains  lime)  should  be  boiled  before  being  used.  It  is  to  be  noted  that 
this  part  of  the  coast  of  California  is  without  those  dry,  cold,  piercing 
winds  which  sometimes  visit  the  Riviera,  and  that  snow  and  ice  occasion- 
ally seen  there  are  unknown  here.  The  yearly  mean  of  relative  humidity 
is  73  per  cent.  The  average  number  of  cloudy  days  is  also  seventy-three, 
and  the  mean  rainfall  18  in. ;  but  there  are  a  number  of  foggy  days. 
The  records  show  a  variation  of  only  eleven  between  the  mean  monthly 
temperature  in  winter  and  summer.  The  wind  movement  is  also  very 
moderate.  Below  (p.  972)  is  a  table  of  comparative  temperatures  for  the 
Riviera  and  Santa  Barbara.  The  accommodations  are  excellent ;  there  are 
systems  of  sewerage,  electric  tramways,  and  a  good  beach  for  bathing  or 
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driving.  About  six  miles  distant  are  hot  sulphurous  and  soda  springs, 
which  have  a  temperature  of  99°  to  122°  F.  The  waters  are  used  both  for 
drinking  and  bathing. 

Temperature.  January.                   July. 

San  Kemo  .         .         .         .  47°  F.                 74°  F. 

Mentone     ....  48°  „                  75°  „ 

Santa  Barbara     .         .         .  54°  „                   65°  „ 

California  has  a  great  number  of  mineral  springs.  Among  the  resorts 
built  near  such  waters,  PASO  ROBLES  is  one  of  the  most  frequented. 
The  mean  monthly  temperature  for  Paso  Robles,  arranged  by  seasons 
during  1893,  is  as  follows: — Winter,  43°;  spring,  55°;  summer,  72°; 
autumn,  55°  F.  Maximum  temperature,  107° ;  minimum  temperature,  20°  F. 
The  springs  are  sulphurous  and  alkaline,  and  both  hot  and  cold,  and  they 
range  in  temperature  from  59°  to  122°  F. 

The  main  spring  is  hot  and  sulphuretted.  It  flows  about  5000  gallons 
per  hour,  at  a  temperature  of  108°  F.  The  next  most  important  springs  are 
situated  on  the  banks  of  the  Salinas  River,  about  one  and  a  half  miles 
from  the  hotel,  and  they  are  used  for  mud  baths.  These  mud  springs  flow 
collectively  about  6000  gallons  per  hour,  and  have  a  temperature  ranging 
from  107°  to  122°  F.  Other  springs  are  the  soda  springs  (temperature,  77° ; 
total  solids,  84  grs.  in  a  gallon);  the  garden  spring  (carbonated  water, 
containing  76  grs.  total  solids  to  a  gallon) ;  the  sand  spring  (alko-sulphur 
lightly  carbonated  water,  temperature  79°,  contains  190  grs.  total  solids) ; 
the  iron  spring  (temperature,  64°,  79  grs.  total  solids).  Near  Paso  Robles 
are  the  SANTA  ISABEL  hot  and  cold  sulphur  springs  and  the  white  sulphur 
springs. 

LAKE  TAHOE  is  situated  just  on  the  State  line  between  California  and 
Nevada,  at  an  elevation  of  6200  ft.  It  is  surrounded  by  mountains,  and 
there  are  good  hotels  at  Tahoe  City  and  at  Glenbrook.  Steamers  ply  on 
the  lake,  which  is  twenty-one  miles  long,  twelve  miles  wide,  and  1500  ft. 
deep,  and  the  waters,  though  they  are  pure,  clear,  and  cold,  never 
freeze. 

MONTEREY,  lying  125  miles  south  of  San  Francisco,  is  one  of  the  most 
interesting  of  the  old  Spanish  settlements  on  the  Pacific  coast.  The  Hotel 
del  Monte  is  exceedingly  handsome,  very  well  kept,  and  looks  rather  like 
an  immense  country  house  in  the  midst  of  its  park,  than  a  house  of  public 
entertainment.  It  contains  430  rooms,  and  is  surrounded  by  wide  piazzas 
and  lawns  and  flower-beds ;  while  the  grounds,  which  comprise  7000  acres, 
are  planted  with  oaks,  pines,  and  cedars.  The  mean  annual  rainfall  for 
Monterey  is  14'4  in.,  and  the  mean  temperature  for  January  is  50°,  and  for 
July  65°  F. ;  but  the  climate  is  exceedingly  humid,  and  fogs  are  more  fre- 
quent than  at  Santa  Barbara. 

We  have  already  spoken  of  the  Channel  Islands.  This  group,  of  which 
SANTA  CATALINA  is  the  chief  member,  lies  off  the  coast  about  twenty-five 
miles  south  of  Santa  Barbara.  The  outermost  islands  are  dry  and  barren ; 
but  those  nearer  the  coast  are  more  fertile,  and  are  resorted  to  by  campers 
and  fishermen.  They  are  freer  than  the  mainland  from  the  strong  sea 
breeze,  which  reaches  its  maximum  intensity  near  the  shore  of  the 
continent,  and  freer  also  from  fog  which  forms  along  the  main  coast  line. 
Thus  the  islands  have  sunshine  when  the  mainland  is  wrapped  in  fog,  and 
they  have  also  a  more  equable  temperature,  and  are  supposed  to  have  a 
smaller  rainfall.  Santa  Catalina  is  about  twenty  miles  long  and  three 
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miles  wide  (average  width),  and  its  highest  ground  has  an  elevation  of  two 
or  three  thousand  feet.  A  great  break  or  depression  divides  the  island 
from  side  to  side,  and  there  are  a  number  of  lovely,  lofty  valleys  and  some 
mineral  springs.  The  island  possesses  fair  accommodations,  which  are 
constantly  improving,  and  an  almost  perfect  climate — in  summer  cool  and 
equable ;  and  "  the  island  winter,"  says  Mr.  Holder,  "  exists  but  in  name. 
In  February,  and  through  the  winter  months,  Catalina  is  still  an  island  of 
summer." 
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Asheville 
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44 
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45-0 

106 

Aiken     . 

550 
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Thomasville   . 

330 
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4225 

97 

Jupiter  (Fla.) 
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80 
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67 

82 

7-21 

58-0 
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40-0 
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57 
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48 
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.  18-9 

3681 

25-64 

88 

El  Paso  . 
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83 

64 

40 

48 

3-16 

9-0 

3941 

26-21 

39 

San  Antonio  . 

650 
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84 
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58 
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30-6 

5301 

29-33 

92 

Prescott 

5300 

34 

74 

53 

35 

51 

2-31 

16-0 

4898 

24-74 

51 

Tucson  . 

2400 

50 
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69 

44 

42 

3-25 

12-0 

3735 

27-45 

57 

Yuma     . 

140 
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72 

49 
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3-0 
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21 
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45 
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00 
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2872 

73 

San  Diego 
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St.  Paul 

800 

10 
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44 

36 
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2-44 

27-6 
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29-10 

107 

Boston 

00 
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49 

40 

72 

2-84      46-0 

7997 

29-88 
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New  York 

00 
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74 

52 

43 

73 

3-19      45-0 

6883 

29-85 

110 

Chicago.         .         .  !     600 

24 

72 

49 

41 

73 

2-88 

35-0 

7007 

29-14 
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31 
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56 

46 
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38-0 
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29-45 

110 

San  Francisco 

00 

50 

59 
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49 
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6863 

29-87 

88 

Davos  Platz    . 

5200 

20 

55 

38 

31 
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2-03 

33-6 
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63 
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USES   OF  ELECTKICITY  IN  MEDICINE. 

"  ELECTRO-THERAPEUTICS  consists  simply  in  placing  the  human  body — 
or  usually  part  of  it  only — into  the  external  circuit  of  an  electric  current 
in  other  words,  in  submitting  it  to  a  current  brought  to  it  through  the 
electrodes,  and  of  variable  strength  and  duration,  with  or  without  inter- 
ruptions or  other  changes  "  (Erb).  The  use  of  electricity  in  the  treatment 
of  disease  is,  without  doubt,  of  value  in  many  cases,  but  its  indiscriminate 
application  may  be  positively  injurious.  Great  care  should  be  taken  in 
the  selection  of  cases  for  this  means  of  treatment ;  and  the  method  of 
application,  and  the  form  of  electricity  used,  must  be  carefully  con- 
sidered. The  employment  of  a  current  too  strong,  or  the  use  of  faradism 
when  galvanism  is  indicated,  may  do  much  harm.  The  mysterious  nature 
of  electrical  force,  and  the  curious  phenomena  produced  by  its  application 
to  the  human  body,  put  in  the  hands  of  unscrupulous  persons  a  great 
power  for  working  on  the  credulity  of  patients,  and  in  many  instances 
has  brought  this  valuable  therapeutic  agent  into  bad  repute.  The 
slightest  suspicion  of  charlatanism  must  be  avoided,  and  this  can  only  be 
done  by  as  far  as  possible  endeavouring  to  find  a  scientific  or  rational  basis 
for  the  treatment  of  each  individual  case. 

Electrical  currents  when  applied  to  the  body  produce  important 
physiological,  chemical,  and  physical  effects ;  and  a  knowledge  of  these,  as 
well  as  of  the  general  elements  of  electrical  science,  is  necessary  for  the 
scientific  treatment  of  disease.  In  the  text-books  and  articles  on  electro- 
therapeutics, much  space  is  devoted  to  the  various  forms  of  batteries  and 
apparatus,  to  the  physical,  chemical,  and  physiological  points  of  importance, 
and  to  electrical  diagnosis.  These  considerations  are  essential,  but  I  shall 
treat  of  them  as  briefly  as  possible. 

SOURCES  OF  ELECTRICITY  USED  IN  MEDICINE. 

(1)  The  galvanic,  continuous,  chemical  or  battery  current.  (2)  The 
faradic,  interrupted  or  induced  currents.  (3)  Static,  frictional  or 
Franklinic  electricity.  (4)  The  dynamo  current,  used  for  electric 
lighting. 

1.  GALVANISM. — If  two  pieces  of  metal,  e.g.  copper  and  zinc,  or  carbon  and 
zinc,  in  the  form  of  rods  or  plates,  are  placed  in  a  solution  of  salt  or  dilute  acid,  a 
constant  or  galvanic  current  is  generated,  all  the  positive  electricity  accumulating 
in  one  of  the  metals  (Cu),  and  all  the  negative  in  the  other  (Zn),  there  being  a 
difference  of  tension  or  potential  between  the  two.  If  these  two  metals  are 
connected  by  a  metal  wire,  which  is  a  conductor,  a  current  of  electricity  will  flow 
along  the  wire  from  the  copper  to  the  zinc,  and  in  the  fluid,  from  the  zinc  to  the 
copper.  This  is  called  a  closed  cell  or  circuit ;  when  not  connected  by  a  wire,  an 
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open  cell  or  circuit.  The  end  of  the  wire  attached  to  the  copper,  from  which  the 
current  emerges,  is  called  the  positive  pole  or  anode,  and  the  end  of  that  attached 
to  the  zinc,  where  the  current  enters  the  battery  again,  the  negative  pole  or 
kathode.  If  the  conducting  wire  is  divided,  and  the  free  ends  are  connected  with 
a  conductor,  e.g.  the  human  body,  or  a  part  of  it,  the  current  will  pass  through  it 
from  anode  to  kathode. 

The  difference  of  potential  between  the  two  metals,  tends  to  become  equalised 
when  they  are  joined  by  a  conductor ;  owing,  however,  to  the  chemical  action 
between  the  metals  and  the  liquid,  a  redistribution  of  electricity  is  constantly 
taking  place ;  and  as  long  as  the  metals  and  liquid  are  left  in  contact,  a  current  of 
electricity  passes  ;  "  whatever  produces  or  tends  to  produce  a  transfer  of  electrifica- 
tion is  called  electromotive  f orce."  The  degree  of  the  electromotive  force  depends 
entirely  upon  the  quality  of  the  metals  and  liquids,  so  that  the  greater  the 
difference  of  potential  the  stronger  the  current.  If  the  current  has  run  for  some 
time  the  fluid  is  decomposed  by  the  electricity,  hydrogen  gas  accumulating  on  the 
copper  and  oxygen  on  the  zinc.  Polarisation  is  the  term  used  to  indicate  this 
change  ;  the  result  of  it  i^  to  diminish  the  intensity  of  the  current,  and  it  is 
therefore  important  to  reduce  it  as  far  as  possible. 

It  is  here  important  to  consider  the  relation  which  exists  between  the  electro- 
motive force,  resistance  and  current  in  any  circuit.  This  is  expressed  most  concisely 
in  the  form  of  Ohm's  law,  which  is  as  follows : — 

"  The  strength  of  current  in  any  circuit  or  part  of  a  circuit  varies  directly 
as  the  electromotive  force  in  that  circuit,  and  inversely  as  the  resistance  of 
the  circuit."  If  C  =  Current,  E  =  Electromotive  force,  and  E  =  Resistance 

Tf 

C  =  — -,   and  from  this  it  can  be  seen  that  if   the  value  of    any  two  of    these 
R 

symbols  is  known,  the  third  can  be  estimated. 

E.g.,  C  =  -?-,     E  =  ^-,  and  E  =  EC 
K  C 

The  practical  units  in  use  are — 

A  volt,  the  unit  of  electromotive  force. 

An  ohm,  the  unit  of  resistance. 

An  ampere,  the  unit  of  current,  i.e.  the  current  obtained  by  an  electromotive 
force  of  1  volt,  acting  through  a  resistance  of  1  ohm. 

The  unit  of  current  used  in  medicine  is  a  milliampere,  i.e.  one-thousandth  of 
an  ampere ;  a  current  of  1  ampere  being  far  too  strong  for  therapeutical 
purposes,  and  therefore  not  used.  The  strength  of  current  most  commonly  used 
for  purposes  of  treatment  is  from  about  5  to  10  milliamperes. 

A  few  words  are  here  necessary  concerning  resistance.  Metals  are  as  a  rule 
good  conductors ;  they,  however,  vary  considerably.  Silver  is  the  best  conductor, 
platinum  not  so  good,  its  resistance  being  about  six  times  as  great  as  silver. 
Liquids  are  more  resistant  than  metals,  solutions  of  salts  and  dilute  acids  are  from 
10,000  to  300,000  times,  and  distilled  water  about  120,000,000  more  resistant 
than  mercury.  The  tissues  of  the  body  are  also  very  resistant,  and  in  electro- 
therapeutics the  skin  is  the  structure  which  offers  the  chief  resistance.  It  varies 
considerably,  however,  the  variations  being  dependent  on  its  thickness,  temperature, 
or  dryness.  The  usual  resistance  of  the  skin  when  electrodes  are  used,  which  have- 
been  moistened  with  warm  water,  is  from  1000  to  5000  ohms.  If  the  strength  of 
current  used  for  medical  purposes  is  about  5  milliamperes,  from  these  data 
the  electromotive  force  required  can  be  estimated,  E  =  EC ;  i.e.  E,  5000  ohms  x 
0*005  amperes  =  25  volts.  So  that  a  battery  is  required  having  an  electromotive  force 
of  about  25  volts.  This  may  be  obtained  by  arranging  a  number  of  cells  in  series. 
The  cells  usually  employed  are  dry  Leclancho  cells,  which  are  durable,  with 
proper  care  lasting  about  two  years,  and  which  have  an  electromotive  force  of 
about  1*5  volt.  Twenty-five  to  forty  of  these  cells  should  be  used,  giving  an 
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electromotive  force  of  37  '5  to  60  volts.  If  cells  are  arranged  in  parallel,  i.e.  all 
the  negative  poles  connected  together  to  form  one  negative  pole,  and  all  the 
positive  poles  to  form  one  positive  pole,  the  electromotive  force  is  not  more  than 
that  of  one  of  the  cells,  but  the  internal  resistance  is  lowered  ;  for  instance,  if 
ten  cells  are  arranged  in  parallel,  the  internal  resistance  is  only  one-tenth  of  that 
of  one  cell 

These  arrangements  have  very  important  practical  hearings,  for  it  is  obvious, 
from  what  has  been  written  above,  that  ten  cells  arranged  in  parallel  with  a 
consequent  electromotive  force  of  only  1  '5  volt,  would  be  of  no  use  for  sending 
a  current  through  such  a  high  resistance  as  the  skin  ;  but  a  battery  with  low 
internal  resistance  may  be  used  for  cautery  work,  for  the  resistance  of  a  cautery 
is  very  slight  indeed,  when  compared  with  the  human  body.  Suppose,  for  sake 
of  example,  the  resistance  of  a  cautery  is  O'l  ohm,  that  the  battery  has  in  parallel 
ten  cells  of  1*5  volt  each  with  an  internal  resistance  of  0'5  ohm  each,  and 
that  it  requires  a  current  of  6  to  10  amperes  to  heat  it  — 

~       E      1  '5  volts  1  '5        ,  A 

C  =^FT=^T  —  5  —     —  ^  „    i      =^-rv  =*  10  amperes. 
E     0-1  ohm  +  (K>ohm     0-15 


If  arranged  in  series  — 

E      10  x    1-5  volt     15 


Electrolysis.  —  When  a  continuous  current  passes  through  the  liquid  element 
(the  electrolyte)  of  a  battery,  certain  changes,  of  the  nature  of  chemical  decom- 
positions, which  are  called  electrolytic,  take  place.  Some  of  the  particles  compos- 
ing the  solution  which  are  set  free  in  this  manner  pass  to  the  anode,  and  others  to 
the  kathode  —  they  are  termed  "  ions  ";  those  which  go  to  the  anode,  anions,  and  are 
spoken  of  as  electro-negative,  on  account  of  their  attraction  by  the  anode;  and  those 
which  go  to  the  kathode  are  called  kations,  and  are  spoken  of  as  electro-positive, 
on  account  of  their  attraction  by  the  kathode.  Supposing,  for  example,  the 
liquid  is  a  solution  of  sodium  chloride,  the  sodium  particles  pass  to  the  kathode,  and 
the  chlorine  to  the  anode.  As  a  general  rule,  acids  and  oxygen  are  attracted 
by  the  anode,  and  hydrogen  and  alkalies  by  the  kathode.  The  human  body  must 
be  looked  upon  as  an  electrolyte.  The  productions  of  vesicles  containing  alkaline 
fluid  at  the  kathode  and  acid  fluid  at  the  anode,  when  unprotected  metal  electrodes 
are  applied  to  the  body,  may  be  instanced  as  an  example  of  this  change. 

2.  FARADISM.  —  The  galvanic  current  has  the  property  of  producing  other 
currents  by  induction.  If  a  closed  coil  of  wire  is  brought  near  to  another  closed 
coil  of  wire,  through  which  a  galvanic  current  is  flowing,  a  similar  current  is 
developed  in  the  former  coil,  but  it  is  flowing  in  an  opposite  direction.  If  the  coils 
are  quickly  removed  from  each  other,  another  current  is  induced,  but  this  time  in 
the  same  direction.  The  coil  through  which  the  galvanic  current  flows  is  called 
the  primary  coil,  and  the  other  coil  in  which  the  induced  current  is  generated, 
the  secondary  coil.  If  the  galvanic  current  is  suddenly  sent  through  the  primary 
coil,  and  then  again  suddenly  shut  off,  induced  currents  are  developed  in  the 
secondary  coil,  just  as  if  the  primary  coil,  with  the  galvanic  current  flowing 
through  it,  had  been  suddenly  brought  close  to  the  secondary  coil,  and  as 
suddenly  removed  from  it.  The  strength  of  the  induced  currents  depends  on 
the  strength  of  the  primary  current,  the  number  of  turns  of  wire  in  the  two 
coils,  and  the  proximity  of  the  coils  to  each  other,  for  the  stronger  the  primary 
current,  the  greater  the  number  of  turns  of  wire,  and  the  nearer  the  coils  of  wire 
are  to  each  other,  the  stronger  the  current  induced. 

The  faradic  machines  in  general  use  for  electro-therapeutics  are  provided 
with  an  automatic  contrivance  for  rapidly  making  and  breaking  the  current.  It 
consists  of  an  electro-magnet  and  a  spring  :  when  the  primary  current  is  flowing, 
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the  electro-magnet  draws  down  the  spring,  which  is  so  arranged  that  when  in 
this  position  the  circuit  is  at  once  broken ;  in  consequence  the  electro-magnet 
loses  its  power  of  attraction,  the  spring  is  released,  and  flies  back  into  its  original 
position ;  the  action  is  then  repeated,  so  that  in  this  way  the  spring  is  constantly 
kept  in  motion,  and  is  continually  making  and  breaking  the  current. 

It  is  usual  for  a  bar  of  iron  or  bundle  of  soft  iron  wire  to  be  introduced  into 
the  centre  of  the  primary  coil,  for  as  soon  as  the  current  passes  the  iron  bar  is 
converted  into  a  magnet,  and  as  such  has  the  power  of  increasing  the  strength  of 
the  induced  current. 

The  secondary  coil  is  usually  larger  than  the  primary,  and  is  so  arranged  on 
guides  that  it  can  be  made  to  approach  the  primary  until  it  entirely  covers  it,  or 
to  recede  from  it  until  quite  clear  of  it.  It  usually  runs  over  a  scale,  so  that  the 
relative  positions  of  the  two  coils  can  be  determined,  and  some  idea,  although  a 
very  inaccurate  one,  of  the  strength  of  current  being  used  can  be  determined. 
The  bar  of  iron  inside  the  primary  coil  is  provided  with  a  handle,  so  that  it  can 
be  drawn  in  and  out,  and  the  amount  of  increased  electromotive  force  from  the 
magnet  can  thus  be  regulated.  It  is  also  usually  provided  with  a  scale. 

An  induction  current  is  also  produced  in  the  primary  coil,  since  each  turn  of 
wire  acts  on  all  the  others ;  it  is  called  the  primary  or  extra  current,  and  consists 
of  a  series  of  waves  all  passing  in  the  same  direction,  which  occur  at  break,  and 
correspond  to  the  number  of  interruptions  of  the  contact  breaker.  The  induced 
current  generated  in  the  secondary  coil  is  called  the  secondary  current ;  it  is 
alternating  in  character,  and  the  current  produced  at  the  break  of  the  primary 
circuit  has  a  higher  electromotive  force  than  that  produced  at  make. 

To  recapitulate,  the  primary  current  always  runs  in  one  direction,  whereas 
the  secondary  is  alternating.  The  apparatus  should  be  so  arranged  that  either 
the  primary  or  secondary  current  can  be  used. 

An  induction  apparatus  should  fulfil  the  following  conditions : — (1)  The 
automatic  contact  breaker  should  act  regularly,  and  at  an  appropriate  rate.  For 
the  ordinary  purposes  of  treatment  and  testing,  forty  to  sixty  interruptions  a 
second  are  suitable.  A  higher  rate,  on  stimulation  of  mixed  or  sensory  nerves, 
produces  a  peculiar  sensation  of  numbness.  An  irregular  action  produces  shocks 
of  unequal  strength,  and  causes  unpleasant  sensations.  (2)  The  coils  should  be  of 
such  a  size  as  to  yield  currents  of  sufficient  strength.  (3)  The  secondary  coil,  if 
used  for  stimulating  muscles,  should  be  short,  i.e.  of  about  two  or  three  hundred 
coils  with  a  low  electromotive  force ;  if  for  acting  on  sensory  nerves,  of  several 
thousand  turns  and  of  high  electromotive  force.  Secondary  coils  may  be  so  arranged 
that,  by  means  of  an  appropriate  mechanism,  either  a  short  or  long  coil  may  be  used, 
according  to  the  result  required.  Secondary  coils  of  fine  wire  give  rise  to  painful 
sensations.  (4)  The  apparatus  must  be  so  contrived  that  either  the  primary  or 
secondary  currents,  as  required,  may  be  used.  (5)  The  galvanic  elements  must  be 
of  good  durability,  and  of  sufficient  electromotive  force.  (6)  Adequate  arrange- 
ments must  be  made  for  varying  and  measuring  the  strength  of  the  current. 

In  addition  to  a  source  of  electricity  and  an  induction  coil,  the  following 
apparatus  are  necessary  in  electro-therapeutics  : — 

Collectors  are  arrangements  for  increasing  or  decreasing  the  strength  of  the 
current,  and  the  mechanism  should*  be  so  arranged  that  the  current  is  not 
interrupted  when  the  number  of  cells  is  being  changed,  otherwise  disagreeable 
shocks  result.  The  cells  should  be  put  in  the  circuit  one  by  one,  and  not  in 
groups,  as  in  the  latter  case  shocks  would  also  be  produced.  Crank  collectors 
are  most  convenient.  A  number  of  pegs,  corresponding  to  the  number  of  cells, 
are  arranged  in  a  circle,  in  such  a  way  that  a  crank  can  be  brought  into  contact 
with  each  peg.  The  cells  are  connected  with  the  pegs,  and,  by  turning  the  crank, 
the  number  of  cells  put  into  the  circuit  can  be  increased  or  diminished.  The 
pegs  are  so  arranged  that  the  crank,  when  moved,  touches  the  next  peg  before 
having  left  the  peg  it  was  originally  in  contact  with.  If  the  crank  is  left  touch- 
ing two  pegs,  say  9  and  10,  the  tenth  cell  is  short-circuited,  and  if  this  continues 
62 
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for  some  time  that  cell  becomes  exhausted.  It  is  therefore  important,  when 
using  the  battery,  to  see  that  the  crank  is  only  in  contact  with  one  peg.  With 
batteries  containing  a  large  number  of  cells,  the  first  cells  in  the  series,  being 
much  more  frequently  used,  are  exhausted  much  quicker  than  the  last  ones. 
To  overcome  this  drawback,  double  collectors  may  be  used,  so  that  any  batch  of 
cells  may  be  put  in  the  circuit,  and  in  this  way  the  battery  may  be  used  up 
evenly. 

Rheostats  are  instruments  for  regulating  the  strength  of  the  current  by 
introducing  resistance  into  the  circuit.  For  example,  if  the  current  of  a  battery 
of  50  volts  is  required  to  be  reduced  to  5  milliamperes — 

E         50       50,000       1AnnA    , 
R=C=-005=   "IT    =10>000ohms- 

Therefore,  according  to  Ohm's  law,  10,000  ohms  must  be  introduced  into  the 
circuit.  Kheostats  are  constructed  of  metal,  liquid  and  graphite.  They  are  not, 
as  a  rule,  used  with  the  ordinary  battery,  but  are  necessary  when  the  current 
which  is  used  for  electric  lighting,  of  which  the  voltage  is  two  or  more,  is 
adapted  for  medical  purposes. 

Galvanometers  are  instruments  for  measuring  the  strength  of  the  current 
passing  through  the  patient.  For  medical  purposes  they  are  specially  con- 
structed so  as  to  measure  milliamperes.  They  are  essential  if  electrical  treatment 
is  to  be  carried  out  on  a  proper  basis. 

Reversers  or  commutators  are  of  great  importance  for  purposes  of  diagnosis, 
for  by  their  means  the  positive  electrode  can  suddenly  be  converted  into  the 
negative  electrode,  and  vice  versa,  without  the  necessity  of  rearranging  the  wires. 
Alternators  and  combiners. — A  convenient  apparatus  has  been  designed  by  de 
Watteville,  by  means  of  which  the  galvanic  can  be  suddenly  changed  to  the 
faradic  current  without  the  necessity  of  connecting  the  electrodes  with  other 
terminals,  and  by  means  of  which  also  combined  faradic  and  galvanic  currents 
can  be  applied. 

Electrodes  are  instruments  for  applying  the  current  directly  to  the  patient's 
body.  One  is  connected  with  the  negative  terminal,  and  is  called  the  negative 
electrode  or  kathode,  and  the  other  with  the  positive  terminal,  and  is  called  the 
positive  electrode  or  anode. 

A  great  variety  of  these  electrodes,  both  in  size  and  form,  are  in  use.  For 
purposes  of  testing,  when  it  is  required  to  localise  the  current  upon  small  nerves 
and  motor  points,  a  small  button-shaped  metal  electrode,  about  ^  in.  in  diameter, 
and  covered  with  chamois  leather  or  flannel,  should  be  used ;  for  large  nerve 
trunk  and  muscles,  a  slightly  larger  electrode,  of  about  |  in.  in  diameter,  may  be 
employed ;  and  for  purposes  of  treatment,  a  still  larger  instrument  may  be 
utilised.  The  indifferent  electrode,  which  is  usually  applied  to  the  patient's 
back,  may  be  in  the  form  of  a  metal  plate  covered  with  flannel  or  wash-leather, 
or  may  be  simply  a  sponge  into  which  one  of  the  terminal  wires  has  been 
inserted.  Very  large  electrodes  may  be  required  for  stout  people.  Electrodes 
which  are  used  for  testing  and  treatment  (active  electrodes)  are  usually  mounted 
in  handles  of  some  insulating  material,  preferably  wood.  The  handles  of  some 
are,  in  addition,  fitted  with  a  small  spring  for  making  and  breaking  the  current ; 
this  is  essential  for  intralaryngeal  treatment.  Brushes  of  fine  metal  wire  may  be 
used  for  exciting  the  cutaneous  nerves,  wheel  electrodes  for  conveniently 
changing  the  seat  of  application,  needles  for  destroying  nsevi,  hairs,  etc.,  and 
specially  adapted  forms,  which  consist  chiefly  of  metal  rods  covered  with  india- 
rubber  and  tipped  with  knobs  of  metal  of  various  sizes  and  shapes,  for  treatment 
of  diseases  of  the  larynx,  urethra,  uterus,  etc.  The  electrodes  which  are  applied 
to  the  body  should  be  moistened  with  hot  water ;  salt  water  is  a  better  con- 
ductor, but  it  oxidises  the  electrodes,  and  often  irritates  the  skin,  and  for  this 
reason  should  not  be  used.  Cold  water  is  not  such  a  good  conductor,  and  does 
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not  penetrate  the  epidermis  so  well.  The  size  of  the  electrode  is  of  great 
importance,  on  account  of  its  bearing  on  the  density  of  the  current,  for  the 
smaller  the  electrode  the  greater  is  the  resistance  of  the  human  body,  and  vice 
versa. 

The  density  of  the  current  may  be  defined  as  the  proportion  of  the  strength 
of  current  to  the  sectional  area  of  the  conductor.  For  example,  if  a  current  of 
10  milliamperes  is  applied  to  the  body  by  means  of  electrodes  2  in.  square,  the 
current  will  be  twice  as  dense  as  if  electrodes  4  in.  square  were  used,  and  in  the 
first  instance  each  square  inch  will  receive  5  milliamperes,  whereas  in  the  second 
instance  each  square  inch  will  only  receive  2 '5  milliamperes.  Whenever  the 
strength  of  current  is  expressed  in  milliamperes,  the  size  of  the  electrodes  used 
should  be  stated,  in  order  that  some  idea  of  the  density  of  the  current  may  be 
given. 

It  is  important  to  be  able  to  determine,  if  necessary,  which  is  the  anode  and 
which  is  the  kathode,  without  having  to  follow  up  the  connecting  Avires.  This 
can  be  done  in  the  following  ways : — 

(1)  Blue  litmus  test. — A  piece  of  blue  litmus  paper  must  be  moistened  and 
placed  in  contact  with  the  electrode.  The  anode  will  be  indicated  by  the  litmus 
paper  turning  red  in  its  immediate  neighbourhood.  (2)  Iodide  of  potassium  test. 
— If  the  electrodes  are  dipped  into  a  solution  of  starch  and  iodide  of  potassium,  a 
deep  blue  colour  is  produced  in  the  neighbourhood  of  the  anode.  (3)  If  the 
electrodes  are  placed  in  water,  twice  as  much  bubbling  occurs  at  the  kathode, 
from  the  liberation  of  hydrogen,  as  occurs  at  the  anode  from  the  liberation  of 
oxygen.  (4)  If  the  kathode  is  placed  over  a  motor  nerve,  and  the  current  is 
closed,  a  more  powerful  muscular  contraction  takes  place  than  when  the  anode  is 
placed  in  the  same  position.  (5)  If  one  pole  is  placed  on  the  cheek  and  the 
other  on  the  tongue,  if  the  anode  is  on  the  tongue,  a  more  marked  sensation  of 
taste  is  produced  than  with  the  kathode  in  this  position. 

3.  STATIC,  FRICTIONAL  AND  FRANKLINIC  ELECTRICITY  is  generated  by  means 
of  friction.     If  a  glass  rod  is  rubbed  with  a  piece  of  silk,  electricity  is  produced, 
as  can  be  seen  by  the  power  these  bodies  have  acquired  of  attracting   small 
objects,  such  as  pieces  of  paper,  etc.     On  the  glass  the  electricity  is  positive,  and 
on  the  silk  negative.     The  glass  rod  has  the  property  of  attracting  bodies  charged 
with  negative  electricity,  and  of  repelling  bodies  charged  with  positive  electricity. 
If  a  body  which  is  not  charged  with  electricity,  e.g.  a  pith  ball  suspended  by  a 
piece  of  silk  (which  is  an  insulator),  is  touched  with  the  glass  rod,  it  becomes 
charged  with  positive  electricity,  and  is  then  repelled ;  it  has  been  charged  by 
conduction.     If,  on  the  other  hand,  the  glass  rod  is  not  allowed  to  touch  the 
pith   ball,  the  latter   is  attracted,  because  it  has  been  charged  with  negative 
electricity  by  what  is  called  induction. 

Two  forms  of  machines  have  been  constructed  for  purposes  of  generating  static 
electricity  on  these  principles,  namely,  frictional  and  induction.  The  former 
consists  of  three  chief  elements,  namely,  a  rubber,  a  rubbed  body,  and  a  con- 
ductor. Positive  electricity  will  be  developed  on  one,  and  negative  electricity  on 
the  other,  according  to  the  substances  used,  and  either  form  may  be  collected  by 
means  of  suitable  arrangements,  as  required.  The  induction  machines  are  more 
complicated ;  plates  of  glass  and  of  ebonite  are  usually  placed  close  together,  so 
arranged  that  either  one  form  of  plate  is  fixed,  or  so  adjusted  as  to  rotate  in  a 
direction  opposite  to  the  other  form.  The  "  Holtz  "  or  "  Wimhursts  "  machines, 
or  modifications  of  these  instruments,  are  the  forms  most  easily  utilised  for 
generating  static  electricity  for  medical  purposes. 

4.  DYNAMO   CURRENTS   are   used   for  electric   lighting   purposes;   they  can, 
however,  be  adapted  for  electro-therapeutics,  and  hence  are  of  very  great  import- 
ance and  convenience.     Dynamos  are  large  magnet  electric  machines,  and  consist 
essentially  of  two  chief  parts — the  electro-magnets,  which  are  usually  fixed ;  and 
the  armature,  which  consists  of  a  number  of  coils  mounted  on  a  spindle,  which 
revolves.     When  a  current  of  electricity  runs  through  the  coils  of  the  electro- 
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magnet,  a  magnetic  Held  of  intense  force  is  created,  and  in  the  armature  which 
revolves  in  this  magnetic  field  powerful  currents  are  developed.  There  are  two 
forms  of  machine,  namely,  the  continuous  current  machine  and  the  alternating 
current  machine,  and  in  both  the  current  is  generated  by  causing  such  coils  of 
wire  to  move  in  a  strong  magnetic  field.  The  current  which  is  sent  through  the 
external  circuit  of  a  continuous  current  machine  is  always  in  the  same  direction. 
The  current  produced  by  the  alternating  machine  passes  in  opposite  directions 
alternately,  and  the  reversals  may  be  very  rapid,  even  up  to  several  thousands  a 
second. 

ELECTRO-PHYSIOLOGY. 

A  certain  amount  of  electricity  is  present  in  all  living  creatures,  but  more 
particularly  in  certain  fish,  the  best  known  of  which  is  the  electric  eel  (Gymnotus 
electricus).  When  touched  it  communicates  a  severe  shock,  often  sufficiently 
strong  to  knock  a  man  down,  and  to  cause  a  good  deal  of  pain  and  numbness  in 
the  limb  affected. 

If  two  non-polarisable  electrodes  put  in  circuit  with  a  delicate  galvano- 
meter are  placed  upon  the  skin  of  a  healthy  person,  one  pole  being  on  the 
palm  of  the  hand,  which  is  rich  in  sweat  glands,  and  the  other  on  the  outer 
surface  of  the  arm,  a  current  will  pass  from  the  hand  to  the  arm  on  any  muscular 
or  mental  exertion  taking  place,  the  palm  being  negative  to  the  outer  surface  of 
the  arm,  which  is  positive. 

The  galvanic  current. — Muscle  nerve. — If  a  piece  of  fresh  muscle  is  taken 
and  two  non-polarisable  electrodes  are  connected  with  it,  one  being  placed  on 
the  longitudinal  surface  and  the  other  on  the  base  of  the  transverse  section,  and 
then  a  circuit  with  a  delicate  galvanometer  in  it  is  made,  a  weak  current  will  be 
indicated  as  passing  from  the  longitudinal  surface,  which  is  positive,  to  the  trans- 
verse surface,  which  is  negative.  A  piece  of  fresh  nerve  acts  in  an  exactly  similar 
manner.  This  current  is  called  "the  current  of  rest."  It  is  a  question  whether 
these  currents  really  exist  in  uninjured  muscle  and  nerve,  and  an  interesting  fact 
bearing  on  this  point  is  that,  if  the  current  becomes  very  weak,  it  can  be  amplified 
by  making  a  fresh  section  of  the  muscle  or  nerve.  Another  current  can  be 
produced  in  this  nerve  or  muscle  preparation,  but  in  an  opposite  direction,  by 
electrical,  chemical,  thermal,  or  mechanical  stimulation,  and  this  is  termed  the 
current  of  action. 

If  a  nerve  muscle  preparation  (from  a  frog)  is  taken,  and  both  electrodes  are 
laid  on  the  muscle,  a  contraction  of  the  muscle  will  occur  when  the  current  is 
made,  when  it  is  broken,  and  also  whilst  the  current  is  flowing. 

If  the  electrodes  are  placed  on  the  motor  nerve,  the  muscle  will  contract  in  a 
similar  manner  at  make  and  break,  but  there  will  be  no  contraction  whilst  the 
current  is  flowing.  If  the  strength  of  the  current  is  suddenly  increased  or 
diminished,  contractions  will  occur  as  at  make  or  break.  During  the  passage  of 
the  current  the  excitability  of  the  nerve  is  altered ;  in  the  region  of  the  anode  it 
is  diminished  and  in  the  region  of  the  kathode  increased,  conditions  which 
are  expressed  by  the  terms  anelectrolomis  and  katelectrotomis  respectively. 
The  conducting  power  of  the  nerve  is  also  diminished  in  the  region  of  the  anode. 
As  above  stated,  the  muscle  contracts  when  the  current  is  opened  or  closed,  and 
the  stimulation  occurs  at  the  kathode  at  make  and  the  anode  at  break,  so  that, 
in  the  first  instance,  the  appearance  of  katelectrotonus  or  increased  excit- 
ability is  the  stimulus ;  whereas,  in  the  second  instance,  the  disappearance  of 
anelectrotonus  or  of  diminished  excitability  is  the  stimulus.  The  former  stimulus 
is  stronger  than  the  latter,  and  the  corresponding  muscular  contraction  is  stronger. 

If  a  nerve  is  stimulated  through  the  skin,  contraction  in  the  muscle  or 
muscles  supplied  by  that  nerve  occurs  when  the  current  is  closed  and  opened,  and 
these  contractions  can  be  obtained  with  either  the  kathode  or  the  anode  as  the 
active  electrode.  If  the  anode  is  the  indifferent  electrode,  and  is  placed  at  the 
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nape  of  the  neck,  and  the  kathode  is  placed,  for  example,  over  the  ulnar  nerve, 
the  current  is  said  to  be  a  "  descending,"  if  the  poles  are  reversed  "  ascending." 

The  ease  with  which  the  contractions  may  be  obtained  by  the  galvanic  current 
is  in  the  following  order  : — 

(1)  Kathodal  closing  contraction  (K.C.C.),  i.e.  when  the  kathode  is  over  the 
nerve  and  the  current  is  closed.  (2)  Anodal  closing  contraction  (A.C.C.),  i.e. 
when  the  anode  is  over  the  nerve  and  the  current  is  closed.  (3)  Anodal  open- 
ing contraction  (A.O.C.),  i.e.  when  the  anode  is  over  the  nerve  and  the  current 
is  opened.  (4)  Kathodal  opening  contraction  (K.O.C.),  i.e.  when  the  kathode 
is  over  the  nerve  and  the  current  is  opened. 

With  a  weak  current  (from  1  to  3  milliamperes)  K.C.C.  may  be  obtained,  but 
not  A.C.C.,  A.O.C.,  or  K.O.C.  If  the  strength  of  the  current  is  increased, 
K.C.C.  becomes  more  marked,  and  A.C.C.  and  A.O.C.  can  also  be  obtained ;  and 
on  increasing  the  strength  of  current  still  more  to  15  or  20  milliamperes,  all  four 
contractions  can  be  obtained,  K.C.C.  being  a  tonic  contraction. 

If  a  muscle  is  directly  stimulated  with  the  galvanic  current,  contractions  will 
take  place  at  make  and  break,  this  result  being  due  partly  to  a  stimulation  of  the 
muscle  fibres  themselves,  but  chiefly  to  stimulation  of  the  intramuscular  nerves. 
Contractions  are  most  readily  obtained  when  the  active  electrode  is  placed  over 
the  motor  point  of  the  muscle.  If  the  muscle  is  stimulated  by  placing  the  active 
electrode  away  from  the  motor  point,  K.C.C.  and  A.C.C.  may  be  obtained, 
K.C.C.  more  readily  as  a  rule  than  A.C.C.,  although,  in  many  instances,  there  is 
very  little  difference  between  K.C.C.  and  A.C.C.  It  is  a  very  exceptional  cir- 
cumstance to  obtain  A.O.C.  and  K.O.C.  when  the  electrode  is  away  from  the 
motor  point. 

Galvanic  stimulation  of  nerves  of  special  senses  may  produce  the  sensations 
which  are  characteristic  of  the  special  senses. 

Olfactory  nerves. — Stimulation  of  these  nerves  gives  rise  to  peculiar  and 
characteristic  sensations  of  smell,  sometimes  resembling  the  smell  of  phos- 
phorus. 

The  optic  nerves  may  easily  be  stimulated,  if  a  weak  current  is  passed  through 
the  cheeks  or  temples ;  or,  better  still,  if  the  indifferent  electrode  is  placed  on  the 
nape  of  the  neck  and  the  active  electrode  is  lightly  pressed  over  the  closed  eye- 
lid, flashes  of  light  will  be  experienced  at  make  and  break,  with  either  the  anode 
or  the  kathode  as  the  active  electrode.  Different  sensations  of  colour  may  also 
be  appreciated,  and  this  fact  may  be  well  illustrated  by  two  experiments  of  Erb's. 

Experiment  A.  Experiment  B. 

K.C.         .         .         .         Reddish  light.  Whitish  yellow. 

K.O.         .         .         .         Bluish       „  Blue. 

A.O.         .  .         Keddish    „  Whitish     „ 

Similar  sensations,  therefore,  with  K.C.  and  A.O.,  and  with  K.O.  and  A.C. 

Auditory  nerves. — These,  on  account  of  their  depth  from  the  surface,  require 
strong  currents  to  excite  them,  and  in  consequence,  in  addition  to  auditory 
sensations,  unpleasant  sensory,  visual,  and  gustatory  phenomena  may  result.  Two 
methods  have  been  adopted  for  stimulating  these  nerves — 

(a)  Fill  the  external  auditory  meatus  with  water;  for  the  active  electrode, 
use  one  with  a  small  sponge,  the  indifferent  electrode  being  held  in  the  hand  or 
placed  on  the  sternum  or  nape  of  the  neck  (Brenner). 

(&)  An  active,  moistened,  medium-sized  sponge  electrode  may  be  firmly 
placed  in  front  of  the  auditory  canal,  with  the  indifferent  electrode  on  the  nape  of 
the  neck. 

Sensation  of  sounds  will  be  produced  at  K.C.  by  A.O.,  not  by  K.O.  or  A.C. 
The  K.C.  sound  may  be  produced  with  a  current  of  moderate  strength ;  if  the 
strength  of  the  current  is  increased,  the  sound  becomes  louder  and  may  have  a 
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ringing,  buzzing,  humming,  whistling,  or  musical  character,  and  a  feeble  sound 
may  be  appreciated  by  A.O. 

Gustatory  nerves. — These  may  be  readily  stimulated  by  placing  two  mediu  in- 
sized  electrodes  one  on  either  cheek,  and  passing  a  current  of  moderate  strength. 
The  most  marked  sensation  will  be  experienced  on  the  anodic  side,  and  it  will 
be  metallic,  alkaline,  or  even  acid  in  character ;  on  the  kathodic  side  it  is  less 
marked  and  saltish  in  character,  but  never  alkaline. 

Brain. — The  electrodes  may  be  placed  one  on  each  temple,  or  one  on  each 
mastoid,  or  one  on  the  mastoid  and  the  other  on  the  occiput.  Giddiness,  a  sense 
of  rotation  of  surrounding  objects,  a  feeling  of  loss  of  equilibrium,  nausea, 
vomiting,  or  of  syncope,  may  result.  If,  Avhen  the  electrodes  are  on  the  mastoid?, 
the  current  is  closed  and  opened,  a  curious  sensation  as  of  falling  is  experienced, 
which  is  in  a  direction  away  from  the  kathode  when  the  current  is  closed,  and 
towards  it  when  it  is  opened.  If  the  active  electrode  (A)  is  placed  on  the  fore- 
head, and  the  indifferent  electrode  on  the  abdomen,  and  a  current  of  about 
5  milliamperes  is  allowed  to  pass,  a  tingling  sensation  will  be  felt  beneath  the 
electrode,  and  a  heavy  aching  pain  on  the  vertex.  If  the  active  electrode  is  now 
slowly  moved  over  the  vertex  to  the  occiput,  very  little  giddiness  will  be  felt ; 
but  when  the  electrode  reaches  the  occiput  the  aching  pain  will  disappear ;  and 
as  the  electrode  reaches  the  upper  part  of  the  spine,  the  action  of  swallowing  will 
be  induced. 

Secretary  nerves. — If  a  galvanic  current  is  passed  transversely  through  the 
cheeks,  a  free  secretion  of  saliva  results.  If  the  active  electrode  is  placed  in  the 
region  of  the  sympathetic,  the  secretion  of  the  sweat  glands  on  the  same  side  of 
the  face  is  stimulated. 

Skin. — The  application  of  a  moderately  strong  galvanic  current  to  the  skin 
produces  a  prickling  burning  sensation,  and  hypersemia,  followed  by  desquamation, 
may  result.  With  a  stronger  current  the  above  effects  are  much  more  readily 
obtained.  At  the  kathode  pallor  is  first  produced,  then  hyperaemia,  and  the  red- 
ness remains  for  some  time  after  the  removal  of  the  electrode.  At  the  anode 
marked  hypersemia  occurs  at  first,  persists  for  some  time,  and  may  be  followed  by 
abundant  desquamation.  If  small  unprotected  metal  electrodes  are  used,  and  a 
strong  current  is  turned  on,  the  results  are  more  marked  at  the  kathode,  where 
vesicles  are  found  which  contain  an  alkaline  fluid ;  vesicles  may  also  be  found 
but  to  a  less  degree  at  the  anode,  and  they  contain  an  acid  fluid. 

Involuntary  muscles  .do  not  react  so  quickly,  nor  do  they  relax  so  readily  as 
voluntary ;  the  contraction  is  usually  wave-like  in  character,  and  extends  a  good 
distance  beyond  the  part  stimulated.  Beard  and  Rockwell  state  that  the  stimulus 
produced  by  the  anode  is  stronger  than  that  produced  by  the  kathode. 

The  faradic  current. — If  a  nerve  is  stimulated  with  a  faradic  current,  a  mus- 
cular contraction  may  occur  at  each  shock  or  interruption.  If  the  interruptions 
succeed  each  other  very  rapidly,  the  muscular  contractions  will  follow  each  other 
so  quickly  that  a  tetanic  contraction  is  the  result. 

If  the  muscle  is  directly  stimulated,  similar  contractions  to  the  above  occur, 
and  the  result  is  due,  not  to  direct  stimulations  of  the  muscular  fibres,  but  to 
stimulation  of  its  intramuscular  nerves.  The  organs  of  special  sense  react  only 
very  slightly,  unless  powerful  currents  are  used. 

Faradisation  of  the  cervical  sympathetic  causes  first  of  all  contraction  and  later 
dilatation  of  the  vessels  of  the  head  and  face  on  the  corresponding  side,  dilatation  of 
the  pupil,  exophthalmos,  widening  of  the  palpebral  aperture,  and  increased  cardiac 
action.  Faradisation  of  the  skin,  with  moistened  medium-sized  electrodes,  pro- 
duces a  momentary  pallor,  followed  by  hypereemia.  Through  its  action  on  the 
sensory  nerves  it  produces  a  pricking,  burning  sensation,  which  with  stronger 
currents  may  be  also  painful,  whilst  with  very  strong  currents  a  benumbing  effect 
is  produced.  General  faradisation  has  an  important  trophic  effect. 

Alternating  sinusoidal  currents,  derived  either  from  d'Arsonval's  magneto- 
electric  machine,  or  from  the  alternating  electric  lighting  current,  on  account  of  the 
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smooth  character  of  the  current,  do  not  produce  such  unpleasant  sensations  as  llic 
ordinary  faradic  current. 

ELECTRICAL  DIAGNOSIS. 

MUSCLE  NERVE. — The  combined  galvanic  and  faradic  battery  should  be 
used  for  testing  purposes.  It  is  very  necessary  to  ascertain  the  reactions 
of  nerves  and  muscles  to  both  kinds  of  current,  as  they  give  very  important 
indications  of  the  actual  condition  of  the  muscles,  nerves,  and  central 
nervous  system,  and  a  knowledge  of  their  significance  is  an  important  aid 
to  diagnosis,  prognosis,  and  treatment. 

The  unipolar  method  is  adopted,  the  electrodes  should  be  well  moistened 
with  warm  water,  and  so  also  should  the  skin  at  the  points  of  application. 
The  indifferent  electrode  should  be  applied  to  the  nape  of  the  neck,  sacrum, 
sternum,  or  whatever  is  most  convenient.  The  active  electrode  should  be 
small,  about  20  mm.  in  diameter,  should  be  fitted  with  a  key  for  making 
and  breaking  the  current,  and  an  insulated  handle,  so  that  it  can  be  held 
in  the  hand  and  applied  to  any  part  desired.  A  knowledge  of  the  super- 
ficial markings  of  the  nerves,  and  of  the  motor  points  of  the  muscles  (i.e. 
the  point  which,  if  stimulated,  results  in  the  most  marked  muscular  contrac- 
tion, and  which  usually  corresponds  to  the  entrance  of  the  motor  nerve),  is 
essential.  These  points  can  be  only  learned  by  constant  practice.  They 
are  best  appreciated  by  means  of  the  diagrams  drawn  up  by  Erb,  which  are 
copied  into  most  medical  text-books,  and  can  be  bought  mounted  to  hang 
up  near  the  battery;  a  glance  at  them  will  save  the  necessity  of  pages  of 
tedious  description.  The  minimum  strength  of  current  to  produce  a  con- 
traction should  be  noted — in  the  case  of  galvanism  by  means  of  the 
galvanometer,  which  will  give  the  strength  in  milliamperes  ;  and  in  the  case 
of  faradism,  by  noting  the  distance  in  millimetres  between  the  primary  and 
secondary  coils ;  this  last-mentioned  method  is  rather  untrustworthy,  on 
account  of  the  variability  in  the  strength  of  the  induction  current.  Special 
galvanometers  have  been  constructed  for  measuring  the  faradic  current  in 
milliamperes,  and  the  results  thus  obtained  are  much  more  satisfactory. 

The  character  of  the  contractions  should  also  be  carefully  noted,  whether 
quick,  sharp,  slow,  sluggish,  tetanic,  or  clonic.  If  one  side  only  is  affected 
by  disease,  the  reaction  should  be  compared  with  those  in  corresponding 
parts  on  the  opposite  side  of  the  body. 

Reaction  of  degeneration. — By  far  the  most  important  change  which 
takes  place  is  the  reaction  of  degeneration,  and  this  is  not  only  quantitative 
but  qualitative.  If  a  motor  nerve  is  completely  degenerated,  it  will  not 
respond  to  stimulation  either  by  the  faradic  or  galvanic  current.  The 
muscles  supplied  by  it  also  will  not  react  to  faradism,  as  a  contraction  de- 
pends, with  this  form  of  stimulus,  on  excitation  of  the  motor  nerve-endings  ; 
the  muscle  fibres  themselves,  not  being  so  sensitive  as  the  nerves,  do  not 
in  consequence  respond  so  readily  to  such  short  stimuli  as  the  separate 
shocks  which  make  up  the  faradic  current.  The  muscles  will,  however, 
react  to  the  galvanic  current'  at  make  and  break  almost  as  well  as  under 
normal  conditions,  and  the  contraction,  which  is  usually  slow,  may  even  be 
more  marked  than  in  health ;  and  further,  there  may  be  a  qualitative 
change ;  A.C.C.  being  obtained  as  readily  or  more  readily  than  K.C.C.,  i.e. 
with  the  same  or  less  strength  of  current  than  K.C.C.  This  condition, 
then,  when  no  contraction  is  obtained  on  stimulating  a  nerve  with  faradism 
or  galvanism,  and  no  contraction  on  stimulating  the  muscle  with  faradism, 
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hut  an  increased  contraction  with  qualitative  changes  on  stimulating  the 
muscle  with  galvanism,  is  termed  the  reaction  of  degeneration  (II. I).). 
It  therefore  indicates  loss  of  excitability  of  the  motor  nerves  and  their 
endings  in  the  muscles.  A  comparison  of  the  two  following  tables  of  the 
normal  reactions  of  nerve  and  muscle  to  faradism  and  galvanism,  and 
their  reaction  in  the  case  of  degeneration,  shows  at  a  glance  the  important 
changes  characteristic  of  the  reaction  of  degeneration : — 

(A)  Normal  Reactions  of  Nerves  and  Muscles  to  Faradism  and  Galvanism. 

n      j.         (  1.  Nerve          .         .         .         Contraction. 
raradism    <  „    -..-      , 

r  j       .       j  1.  Nerve         ...  „ 

1  \  2.  Muscle        ...  „  Order  of  contractions 

K.C.C.,  A.C.C.,  A.O.C.,  K.O.C. 

(B)  Reaction  of  Degeneration  (complete). 

„       -,.         f  1.  Nerve          .         .         .         No  contraction. 
Faradism    4  ~ 


Nerve 

.         .         .         Increased  co 

A.C.C.  =  or>K.C.C. 


(  2.  Muscle        .         .         .         Increased  contraction  for  some  time. 


If  the  lesion  is  severe,  causing  complete  and  permanent  damage  to  a 
nerve  or  its  trophic  centre,  the  loss  of  nerve  irritability  to  both  faradism 
and  galvanism,  and  the  loss  of  muscular  irritability  to  faradism,  is  at  once 
diminished,  and  by  the  end  of  the  third  week  is  usually  lost,  and  this  loss 
is  permanent.  The  muscular  irritability  to  galvanism  is  increased  for 
several  weeks,  perhaps  thirty  to  forty,  and  then  from  that  time  it  gradually 
diminishes,  until  finally,  by  about  the  end  of  the  second  year  from  the  date 
of  the  lesion,  no  reaction  at  all  is  obtained. 

If  the  lesion  is  moderate  in  severity,  and  there  is  no  permanent  damage 
to  the  nerve,  nerve  irritability,  both  to  faradism  and  galvanism,  is  lowered 
from  the  middle  of  the  first  to  the  end  of  the  second  week,  when  it  is  lost ; 
it  reappears  again  about  the  seventh  week;  the  muscle  irritability  to 
faradism  is  also  lowered  from  the  middle  of  the  first  week ;  in  the  middle  of 
the  third  week  there  is  usually  no  response,  and  slight  muscular  contraction 
may  be  obtained  in  the  ninth  week.  The  galvanic  irritability  of  the 
muscle  increases  from  the  middle  of  the  second  week  to  the  tenth,  then 
becomes  lowered  until  about  the  fourteenth,  about  which  time  it  again 
becomes  normal. 

If  the  degenerative  changes  are  chronic  and  progressive  in  character, 
the  excitability  of  the  fibres  is  only  gradually  lessened,  and  there  is  a 
diminution  of  contraction  to  both  faradism  and  galvanism,  followed  by  loss 
of  nerve  irritability  to  faradism  and  galvanism,  of  muscle  irritability  to 
faradism,  and  qualitative  changes  in  the  muscle  irritability  to  galvanism. 

If  the  nerve  lesion  is  slight,  the  usual  fall  in  nerve  irritability  to  both 
faradism  and  galvanism  may  be  preceded  by  a  rise,  which  may  be  much 
more  marked  than  the  subsequent  fall,  and  this  rise  is  generally  best 
marked  to  faradic  stimuli. 

If  the  lesion  is  very  slight  there  may  be  no  fall,  a  rise  in  irritability 
being  the  only  manifestation  of  any  change.  It  may  last  for  a  few  weeks, 
or  only  for  a  few  days. 
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Reaction  of  degeneration  occurs  as  a  result  of  lesions  of  the  lower 
neuron  (i.e.  anterior  cornual  cells  and  nuclei  of  motor  cranial  nerves, 
anterior  nerve  roots  and  motor  nerves).  The  following  is  a  list  of  the 
most  important  diseases  in  which  this  condition  may  be  found : — 

(a)  Diseases  ir/iif/i  may  involve  the  anterior  corniial  cells. — Infantile  paralysis, 
progressive  muscular  atrophy,  amyotrophic  lateral  .  sclerosis,  diffuse  myelitis, 
haematomyelia,  syringoruyelia. 

(&)  Diseases  affecting  the  anterior  nerve  roots. — Compression  resulting  from 
spinal  caries,  malignant  growth  of  spine,  gummata,  meningeal  haemorrhage,  etc. 

(c)  Diseases  of  the  motor  nerves. — Traumatism.  Neuritis. — Alcoholism,  dia- 
betes, plumbism,  chronic  arsenical  poisoning,  septicaemia,  diphtheria,  influenza, 
typhoid  and  other  specific  fevers,  malaria,  beriberi,  etc. 

Increased  faradic  excitability  is  shown  by  the  occurrence  of  con- 
traction, with  a  stimulus  of  less  strength  than  is  under  normal  conditions 
required  to  obtain  such  a  result.  It  occurs  in  conditions  which  are 
characterised  by  signs  of  irritation,  such  as  tetany,  chorea,  tremors, 
hysterical  paralysis,  lateral  sclerosis,  and  in  early  stages  of  locomotor 
ataxy ;  in  conditions  of  lower  resistance,  e.g.  in  exophthalmic  goitre,  and 
occasionally  with  slight  nerve  lesions,  the  pathological  change  being  only 
sufficient  to  cause  an  increase  in  the  irritability  of  the  nerve. 

Diminished  faradic  excitability  is  shown  when  contractions  do  not 
take  place,  if  the  nerves  or  muscles  are  stimulated  with  currents  of 
sufficient  strength  to  stimulate  normal  tissues.  It  occurs  in  the  early 
stages  of  all  disease  characterised  by  reaction  of  degeneration,  in  atrophy 
of  muscles,  independent  of  nervous  lesions,  muscular  dystrophies,  and  long- 
standing cases  of  locomotor  ataxy. 

Complete  loss  of  faradic  excitability  is  shown  when  no  contraction 
occurs  when  the  nerves  or  muscles  are  subjected  to  even  very  strong 
stimuli.  It  occurs  in  all  the  diseases  characterised  by  the  presence  of 
reaction  of  degeneration. 

Increased  galvanic  excitability  is  shown  by  the  occurrence  of  con- 
tractions with  a  feebler  current  than  is  normally  required  for  their 
production.  It  indicates  irritation,  and  occurs  in  cases  of  chorea,  tetany, 
tetanus,  in  early  stages  of  locomotor  ataxy,  in  recent  hemiplegia,  and  in 
lateral  sclerosis.  If  the  muscles  themselves  are  stimulated,  increased 
excitability  may  be  noticed  in  the  early  stages  of  some  cases  of  peripheral 
neuritis. 

Diminished  galvanic  excitability  is  shown  when  contraction  only 
takes  place  with  stimuli  that  are  stronger  than  are  usually  required 
under  normal  conditions.  It  occurs  in  atrophy  of  muscles,  independent 
of  nervous  lesions,  muscular  dystrophies,  and,  as  above  described,  in  well- 
marked  cases  of  disease  characterised  by  the  presence  of  reaction  of 
degeneration. 

Complete  loss  of  galvanic  excitability  is  shown  if  no  contraction 
occurs  when  either  nerves  or  muscles  are  subjected  to  even  very  strong 
currents.  It  is  seen,  in  extreme  instances  of  the  diseases  just  mentioned, 
in  cases  of  reaction  of  degeneration  when  the  nerves  are  stimulated,  and  in 
cases  of  advanced  reaction  of  degeneration,  of  over  two  years  standing, 
when  the  muscles  are  directly  stimulated,  if  there  has  been  complete  and 
permanent  damage  to  the  nerves. 

Partial  reaction  of  degeneration  is  characterised  by  a  slight  diminu- 
tion in  the  nerve  of  faradic  and  galvanic  excitability,  which  is  often  very 
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slight,  but  still  sufficiently  well  marked  to  be  appreciable.  In  the  muscle, 
also,  a  diminution  of  faradic  excitability  is  found,  whilst  with  galvanic 
stimulation  the  typical  quantitative  and  qualitative  changes  of  reaction  of 
degeneration  are  present,  and  also  the  same  slowness  in  the  character  of 
the  contraction.  The  lesion  in  such  cases  is  usually  mild,  and  if  there  is 
any  degeneration  it  is  only  very  slight.  For  example— 

T-,       ,.         [  Nerve       .         .         .         Diminished  contraction. 
raracusm    <  ,.-      , 

I  Muscle     ...  „  „ 

l-io  1  vn,  111  mil  < 

I  Muscle     .         .         .         Increased  ,, 

A.C.C.  =  or>K.C.C. 

A  curious  anomaly  is  that  "  a  well-marked  reaction  of  degeneration  is 
occasionally  seen  in  muscles  which  show  no  sign  of  paralysis  "  (Erb).  He 
quotes  as  an  example  a  case  of  plumbism,  in  which  the  deltoid  muscle 
showed  no  loss  of  power,  but  gave  the  reaction  of  degeneration. 

Partial  reaction  of  degeneration  with  sluggish  contraction  (Erb) 
is  shown  by  markedly  sluggish  tonic  contraction  on  stimulating  the 
nerve  with  either  faradism  or  galvanism,  and  also  a  sluggish  muscular 
contraction  on  directly  stimulating  -the  muscle  with  faradism  in  all 
probability  due  to  changes  in  the  muscle  fibres  themselves,  and  may  be 
looked  upon  as  an  intermediate  stage  between  partial  and  complete  reaction 
of  degeneration.  The  prognosis  of  such  a  condition  also  being  intermediate 
between  the  two,  is  worse  than  in  conditions  showing  partial  reaction  of 
degeneration,  and  better  than  in  conditions  showing  complete  reaction 
of  degeneration. 

The  myotonic  electrical  reaction. — The  motor  nerves  act  both  to 
faradism  and  galvanism  in  practically  a  normal  manner,  except  that  it 
requires  strong  secondary  faradic  currents  and  labile  galvanic  currents  to 
produce  tonic  contractions.  The  muscles  show  increased  irritability  to  faradic 
currents  of  moderate  strength,  and  give  a  persistent  contraction.  To 
galvanic  stimuli  they  show  little  excitability,  only  K.C.C.  and  A.C.C. 
usually  being  obtained,  sometimes  K.C.C.  sometimes  A.C.C.  being  the 
easier  to  obtain. 

"  But  the  most  remarkable  phenomenon  is  the  extraordinary  sluggish- 
ness and  long  peristence  of  the  galvanic  contraction  "  (Erb).  With  stabile 
galvanic  applications,  rhythmical  contractions  of  an  undulatory  character 
occur,  the  direction  of  which  are  from  kathode  to  anode.  This  reaction  is 
characteristic  of  Thomsen's  disease,  and  is  probably  due  to  the  structural 
changes  in  the  muscle  which  occur  in  this  disease.  It  must  be  carefully 
distinguished  from  partial  reaction  of  degeneration. 

SENSORY  NERVES. — The  variations  in  electro-cutaneous  sensibility  are 
of  very  little  practical  importance  in  diagnosis ;  the  two  chief  alterations 
are  anesthesia  and  hyperresthesia.  The  faradic  current  and  Erb's  special 
electrode,  or  static  electricity,  the  patient  being  seated  on  the  insulated 
chair,  and  a  rounded  wooden  electrode  used  for  passing  over  the  surfaces 
to  be  tested,  may  be  used  for  the  purposes  of  testing. 

Optic  nerve. — In  case  of  optic  atrophy,  diminished  excitability  and 
loss  of  reaction  to  the  galvanic  current  may  be  noticed. 

Auditory  nerve. — (a)  Simple  galvanic  hypercesthesia. — The  auditory 
sensation  can  be  excited  by  means  of  a  current  which  is  weaker  than  is 
required  under  normal  conditions.  The  order  in  which  the  contractions 
occur  is  not  altered.  It  may  occur  in  many  cases  of  tinnitus,  chronic  otitis 


ELECTRO-THERAPEUTICS.  987 

media,  perforation  of  the  tympanum,  and  in  locomotor   ataxy,   chronic 
myelitis,  cerebral  tumour,  etc. 

(&)  The  paradoxical  reaction. — "  Characterised  by  the  fact  that  when 
only  one  ear  is  explored,  and  the  other  electrode  is  placed  elsewhere  in  a 
fixed  position,  the  other  ear  reacts  at  the  same  time,  with  reference  to  the 
indifferent  electrode,  as  if  it  were  armed  with  the  latter"  (Erb).  It 
indicates  a  very  high  degree  of  excitability. 

(c)  Galvanic  hypercesthesia  with  qualitative  changes. — In  addition  to  the 
fact  that  the  auditory  sensation  can  be  produced  with  a  weaker  current 
than  usual,  alterations  in  the  polar  reactions  also  occur.     Chronic  diseases 
of  the  middle  and  internal  ears  exhibit  this  change. 

(d)  Galvanic  torpor. — The  auditory  nerve  requires  a  current  of  much 
greater  strength  than  usual  to  excite  it,  and  as  a  rule  only  very  slight  K.C. 
sensations  can  be  obtained,  or  even  none  at  all.     It  occurs  only  in  severe 
or  incurable  diseases  of  the  ear. 

ELECTED  -THERAPEUTICS. 

Electricity  has  the  following  uses  in  medicine : — (1)  It  stimulates  the 
tissues  of  the  body,  as  can  be  seen  by  applying  either  the  faradic  or 
galvanic  currents  to  nerves  or  muscles.  (2)  It  improves  the  local  and 
general  nutrition  and  power,  as  may  be  illustrated  by  long-continued 
galvanic  treatment  of  infantile  paralysis,  for,  in  addition  to  the  local 
benefit,  the  general  health  of  the  patient  may  be  improved.  (3)  It  in- 
creases the  metabolic  activity  of  the  tissues.  (4)  It  often  has  the  power 
of  relieving  painful  conditions  of  increased  irritability.  This  can  be  demon- 
strated in  some  cases  of  neuralgia,  which  are  relieved  by  anodal  applications, 
a  condition  of  anelectrotonus  being  produced  in  the  nerve,  with  a  conse- 
quent decrease  in  irritability.  (5)  It  is  an  important  means  of  diagnosis 
and  prognosis  in  diseases  of  the  nervous  system.  (6)  Its  electrolytic 
action  may  be  used  for  the  destruction  of  naevi,  polypi,  etc.  (7)  It  may  be 
used  to  introduce  drugs  into  the  system  through  the  skin ;  the  process 
is  called  cataphoresis  (see  p.  996),  electrical  osmosis,  or  electrical  medica- 
inental  diffusion.  In  the  majority  of  instances  the  solution  passes  from 
the  positive  to  the  negative  pole.  (8)  It  may,  with  the  aid  of  cocaine,  be 
used  to  produce  local  anaesthesia.  (9)  The  X-rays  are  of  the  greatest  use 
for  purposes  of  diagnosis,  and  to  a  less  degree  for  the  treatment  of  certain 
skin  diseases. 

Method  of  treatment.  —  A  good  battery  should  answer  all  the 
requirements  for  testing  nerve  and  muscle  reactions,  for  treatment  by  both 
faradism  and  galvanism,  and  for  electrolysis.  It  should  be  compact  and  portable, 
and  should  not  require  frequent  attention  or  recharging.  It  should  be  provided 
with  a  compound  induction  coil,  with  binding  screws  for  the  faradic  current,  a 
key  for  switching  it  on  and  off,  and  with  another  key  for  utilising  either  the 
primary  or  the  secondary  currents ;  rapid  and  slow  vibrators ;  rheostats  for  con- 
trolling the  strength  of  the  current,  in  the  primary  as  well  as  the  secondary 
circuits ;  a  commutator,  a  reverser,  a  galvanometer,  and  a  key  for  making  and 
breaking  the  galvanic  current.  Dry  Leclanche  cells  may  be  used  for  generating 
the  galvanic  current,  and  with  proper  care  they  last  for  over  a  year.  For  the 
induction  coil  two  larger  cells  may  be  used,  which,  however,  become  exhausted 
more  quickly,  and  in  consequence  require  more  attention  and  more  frequent 
renewal.  It  is  of  great  importance,  after  using  the  battery,  to  see  that  all  the  keys 
and  cranks  are  in  their  proper  places,  so  that  no  waste  of  electricity  takes  place. 
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Accumulator  cells,  which  can  be  charged  from  a  continuous  electric  lighting 
current,  can  he  used  for  such  a  battery,  instead  of  primary  cells. 

Galvanism.  —  The  galvanic-  current  may  be  used — («)  locally,  (I) 
generally.  There  are  two  methods  of  local  galvanisation — (a)  unipolar, 
(6)  bipolar. 

Unipolar. — One  large  electrode  (the  indifferent)  is  applied  to  some 
part  of  the  body  remote  from  the  area  to  be  influenced,  on  which  the 
active  electrode  is  placed. 

Bipolar. — Both  electrodes  are  placed  over  the  affected  area. 

The  electrodes  may  be  kept  in  one  position  throughout  the  application 
(stabile  application).  The  active  electrode  may  be  moved  about  over 
the  affected  area,  without  contact  with  the  skin  being  broken  (labile 
application).  The  active  electrode  may  be  the  kathode  (kathodal  appli- 
cation). The  active  electrode  may  be  the  anode  (anodal  application). 

The  current  may  be  of  a  given  strength,  may  be  increased  or  diminished, 
interrupted  or  reversed  as  required. 

I  most  frequently  employ  labile  kathodal  applications.  The  indifferent 
electrode,  which  consists  of  an  ordinary  piece  of  sponge  about  3  in.  to  4  in. 
in  diameter,  is  moistened  with  warm  water,  and  the  wire  connected  with 
the  anode  is  freed  from  the  insulating  substance  which  envelops  it  for 
about  1  to  2  in.  at  its  free  end,  which  end  is  then  inserted  into  the  meshes 
of  the  sponge.  This  sponge  is  applied  to  the  nape  of  the  patient's  neck, 
and  its  outer  surface  is  covered  with  a  piece  of  guttapercha  tissue,  to  prevent 
the  clothes  becoming  wet.  The  active  electrode  used  in  the  majority  of 
cases  consists  of  a  sponge  about  2  in.  in  diameter,  fixed  into  an  insulating 
handle. 

General  galvanisation. — The  patient  is  stripped  or  only  lightly  clothed,  then 
made  to  lie  on  a  couch,  his  bare  feet  placed  against  a  large  covered  electrode 
moistened  with  warm  water ;  or  the  feet  are  put  into  a  basin  of  warm  water,  which 
is  connected  with  the  kathode.  The  whole  surface  of  the  body  is  then  rubbed  with 
the  anode,  beginning  with  the  head,  and  using  a  weak  current  of  1  or  2  milliam- 
peres ;  then  the  neck,  spine,  body,  and  limbs,  the  current  strength  being  increased 
to  5  or  10  milliamperes.  General  galvanisation  has  been  recommended  by  Beard 
and  Rockwell  as  a  secondary  resource,  but  is  rarely  used,  as  general  faradisation 
is  usually  more  pleasant  and  efficacious.  A  more  effective  and  convenient  method 
of  applying  general  galvanisation  is  the  electric  bath  (see  p.  991). 

Central  galvanisation  was  also  introduced  by  Beard  and  Rockwell.  The  patient 
must  strip  to  the  waist,  a  flat  felt  or  sponge-covered  indifferent  electrode  about 
3  in.  by  4  in.  should  be  selected,  moistened  with  warm  water,  connected  with 
the  negative  pole,  and  held  by  the  patient  against  the  epigastrium.  A  medium- 
sized  sponge  electrode  should  be  used  as  the  active  electrode,  and  should  be  con- 
nected with  the  positive  pole.  It  should  first  of  all  be  applied  to  the  forehead, 
the  current  being  gradually  turned  on  until  it  reaches  a  strength  of  3  milliam- 
peres, and  then  it  is  gently  rubbed  backwards  and  forwards  over  the  forehead  for 
about  one  minute.  The  hair  should  then  be  moistened,  and  the  active  electrode 
passed  over  the  head  and  held  over  the  vertex  for  about  two  minutes,  the 
current  being  gradually  increased  up  to  about  10  milliamperes,  and  then  gradually 
reduced  to  zero.  The  active  electrode  should  next  be  applied  to  the  back  of  the 
neck,  and  the  strength  of  the  current  gradually  increased  until  it  is  tolerated  com- 
fortably (usually  about  10  milliamperes) ;  it  should  then  be  gently  rubbed  along 
each  side  of  the  neck  and  over  the  base  of  the  skull ;  then  for  about  ten  minutes 
passed  up  and  down  the  spine ;  and,  lastly,  the  current  should  be  gradually  re- 
duced to  zero,  and  the  electrode  removed.  The  skin  should  then  be  dried  with  a 
rough  towel,  and  "in  private  practice  it  adds  to  the  comfort  of  the  patient  to 
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dust  the  skin  with  toilet  powder"  (Monell).  All  sudden  changes  of  current 
strength  should  be  avoided,  all  abrasions  of  the  skin  should  be  protected, 
on  account  of  the  unpleasant  sensation  produced  as  the  electrodes  pass  over 
them. 

The  general  indications  for  treatment  and  for  the  selection  of  the 
method  of  application  are — 

Stabile  anodal  applications  have  a  sedative  effect,  and  are  useful  for 
painful  conditions,  spasmodic  conditions,  conditions  of  over-excitability, 
neuralgia,,  sciatica,  tinnitus  aurium,  etc. 

Kathodal  applications,  both  stabile  and  labile,  have  a  stimulating 
effect  and  cause  muscular  contractions,  and  are  therefore  indicated  in 
conditions  of  weakness  and  paralysis,  and  also  for  stimulating  involuntary 
muscles. 

Central  galvanisation  is  used,  particularly  when  it  is  desired  to  influence 
the  brain  and  spinal  cord.  It  is  useful  in  neuroses,  hysteria,  hypochon- 
driasis,  neurasthenia,  neuralgia,  insomnia,  chorea,  exophthalmic  goitre,  some 
chronic  skin  diseases  such  as  eczema  and  acne. 

Strength  of  current — duration  of  treatment,  etc. — 1.  The  strength  of  the 
current  used  should  be  measured  by  means  of  the  galvanometer.  For 
ordinary  purposes  of  local  treatment  a  current  of  5  milliamperes  is 
sufficient;  if  patients  easily  tolerate  this  strength,  it  may  be  increased 
to  10  or  20,  but  a  current  stronger  than  20  milliamperes  is  rarely 
necessary. 

2.  Children  at  first  may  be  very  sensitive  to  a  current  of   even  5 
milliamperes,  and  then  it  is  necessary  to  begin  with  a  strength  of  2  or  3 
milliamperes. 

3.  The  electrodes  should  first  of  all   be  placed  in  position,  and  the 
current  gradually  switched  on  from  zero  to  the  required  strength. 

4.  Care  must  be  taken  to  guard  against   giving  the  patient  shocks, 
by  suddenly  increasing   the   strength   of   the   current   or   by   interrupt- 
ing it. 

5.  When  the  active  electrode  is  applied  to  the  head,  greater  care  still 
should  be  exercised  to  guard  against  shocks  on  the  application  of  too 
strong  a  current,  on  account  of  the  very  unpleasant  sensation  which  may 
be  produced  thereby. 

6.  For  ordinary  purposes  the  duration  of  the  sitting  should  be  about 
ten  minutes. 

7.  For  the  majority  of  the  cases  attending  a  hospital,  the  treatment 
may  be   repeated  three  times   a  week  (e.g.  cases  of  infantile  paralysis, 
neuritis,  etc.).     Cases  of  neuralgia  are  often  relieved  by  applications  of 
short  duration  two  or  three  times  a  day,  daily. 

8.  Improvement  should   be  looked  for  in  most  cases  after  about  a 
month's  treatment,  if  any  permanent  benefit  is  likely  to  result. 

9.  The  length  of  the  course  of  treatment  varies  according  to  the  nature 
of  the  case.     Slight  cases  of  neuritis  may  be  relieved  after  a  few  weeks' 
treatment,  severer  cases  of  neuritis  after  several  months,  and  cases  of 
infantile  paralysis  after  one  or  two  years.     . 

Faradism. — The  faradic  current,  like  the  galvanic  (see  p.  988),  may 
also  be  used  locally  or  generally,  and  its  application  may  be  unipolar  or 
bipolar  and  stabile  or  labile. 

The  unipolar  method  is  usually  adopted  for  the  treatment  of  internal 
organs — vagina,  uterus,  urethra,  bladder,  and  larynx ;  the  indifferent  elec- 
trode being  applied  externally,  and  the  active,  which  is  of  special  form  as 
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the  occasion  requires,  introduced  into  the  particular  orifice  or  cavity  desired. 
To  influence  the  muscles,  the  skin  and  the  electrodes  should  be  well 
moistened  with  warm  water  or  with  a  solution  of  bicarbonate  of  sodium,  and 
the  active  electrode  should  be  firmly  pressed  over  the  part  it  is  particularly 
desired  to  influence. 

To  act  on  the  sensory  nerves,  the  skin  should  be  dried  and  dusted  with 
toilet  powder  ;  the  indifferent  electrode  moistened  with  water,  and  applied 
to  some  remote  part,  or  be  held  by  the  patient ;  and  the  active  electrode, 
which  is  in  the  form  of  a  metallic  brush,  rubbed  over  the  area  to  be  in- 
fluenced. 

General  faradisation  was  introduced  by  Beard  and  Rockwell,  and  their  object 
was  "  to  bring  every  portion  of  the  body  under  the  influence  of  the  faradic 
current,  as  far  as  it  is  possible  by  external  applications."  The  patient  should  sit 
on  an  ordinary  stool  facing  the  instrument,  and  for  the  first  part  of  the  process 
should  divest  himself  of  all  his  garments,  excepting  his  trousers ;  his  bare  feet 
should  be  placed  on  a  sheet  of  copper,  which  is  kept  warmed  by  means  of  a 
heated  brick  or  by  hot  water  bottles,  and  the  surface  in  contact  with  the  feet 
should  be  moistened  with  warm  water.  This  sheet  of  copper  is  connected  with 
the  negative  pole  of  the  battery.  If  the  patient  is  paralysed,  he  may  lie  on  a 
couch,  and  the  copper  plate  may  be  pressed  against  his  feet  by  means  of  a  pillow, 
or  may  be  applied  over  his  coccyx.  For  the  other  electrode,  the  moistened  hand 
of  the  operator,  or  a  brass  ball  about  6  in.  in  diameter,  covered  with  a  soft  wet 
sponge,  and  connected  with  the  anode,  may  be  used.  When  the  operator's  hand 
is  used  as  the  active  electrode,  the  sponge-covered  electrode  should  be  held  in  his 
other  hand,  or  placed  on  the  table,  and  at  first  only  lightly  touched  by  the 
operator's  other  hand.  This  method  has  the  advantage,  that  the  operator  can 
gauge  by  his  own  sensations  the  strength  of  the  current  he  is  using ;  and,  further, 
the  flexibility  of  the  hand  allows  it  to  be  readily  moulded  to  the  points  of  appli- 
cation. The  sponge-covered  brass  ball  may  be  connected  with  the  positive  pole  of 
the  battery  and  directly  applied  to  various  parts.  For  the  first  application  a  very 
mild  current  should  be  used ;  subsequently  it  may  be  gradually  increased  until  an 
agreeable  tolerance  is  readied.  First  of  all,  apply  the  moistened  hand  to  the 
patient's  forehead,  then  make  the  circuit  by  placing  the  other  hand  on  the  sponge- 
covered  brass  ball,  which  is  connected  with  the  positive  pole  of  the  battery. 
Then  moisten  the  hair  and  apply  the  hand  to  the  head,  then  pass  the  hand  over 
the  neck  and  throat,  then  thoroughly  over  the  hands  and  arms,  then  up  and 
down  over  the  whole  length  of  the  spine,  using  a  stronger  current,  then  over  the 
abdomen,  and  lastly  -over  the  legs.  The  total  length  of  the  application  should 
be  from  five  to  twenty-five  minutes.  Beard  and  Rockwell  give  as  an  average 
application  of  fifteen  minutes — head,  one  minute ;  neck  and  throat,  four  minutes  j 
back,  three  minutes ;  abdomen,  three  minutes ;  and  upper  and  lower  extremities, 
four  minutes.  The  applications  should  be  every  other  day,  and  should  extend 
over  a  period  of  weeks  or  even  several  months,  as  the  particular  case  may 
require. 

The  chief  effects  of  general  faradisation  are  a  feeling  of  "  enlivenment  and 
exhilaration,"  which  may  last  for  several  hours.  In  some  people  it  produces  a 
tendency  to  sleep,  "relief  of  pain  and  local  and  general  weakness."  It  lias  a 
corrective  effect  on  the  pulse,  relieves  nervous  and  mental  depression,  increases 
the  appetite  and  improves  the  digestion,  increases  the  size  and  firmness  of  the 
muscles,  increases  the  size  and  the  weight  of  the  body,  increases  the  capacity  for 
mental  and  muscular  work.  Some  soreness  of  the  muscles  may  result  in  some 
instances,  on  account  of  the  muscular  contractions  which  are  produced  by  the 
application,  and  occasionally  nervousness  and  exhaustion  follows.  This  mode  of 
treatment  is  indicated  in  neurasthenia,  hysteria,  liypocliondriasis,  neuralgia, 
and  nervous  dyspepsia ;  and  it  may  relieve  to  some  extent  the  general  feebleness, 
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nervousness,  and  insomnia  which  accompany  many  of  the  chronic  and  incurable 
diseases  of  the  brain  and  spinal  cord. 

Galvano-faradisation. — This  method  of  combining  the  actions  of  the 
galvanic  and  faradic  currents  was  introduced  by  de  Watteville.  It  is 
effected  by  "  uniting  the  secondary  induction  coil  and  the  galvanic  battery 
in  one  circuit,  by  connecting  with  a  wire  the  negative  pole  of  the  one  with 
the  positive  pole  of  the  other,  attaching  the  electrodes  to  the  two  extreme 
poles  and  sending  both  currents  together  through  the  body.  This  com- 
bination can  be  very  readily  accomplished  by  the  use  of  the  special  key 
invented  by  de  Watteville.  The  stimulating  effects  of  the  one  current,  as 
is  seen  by  the  muscular  contractions  which  are  produced,  and  the  anodyne 
and  refreshing  action,  as  is  shown  by  the  relief  of  pain  and  the  prevention 
of  exhaustion  of  the  other,  are  obtained.  He  recommends  it  for  the  treat- 
ment of  abdominal  organs,  for  rheumatic  conditions,  and  for  atrophic 
paralysis. 

Choice,  of  electrodes  and  points  of  application  for  any  current. — The 
choice  of  the  size  and  the  form  of  the  electrodes  and  of  the  positions  in 
which  they  are  to  be  applied  is  of  the  greatest  importance. 

For  stimulating  nerves  or  motor  points  a  current  of  considerable 
density  should  be  used,  and  this  may  be  done  by  employing  electrodes  of 
markedly  different  sizes.  The  large  indifferent  electrode  should  be  placed 
a  considerable  distance  from  the  part  to  be  stimulated,  the  small  active 
electrode  should  be  placed  directly  over  the  nerve  or  motor  point  to  be 
stimulated,  and  this  electrode  must  be  pressed  down  to  diminish  the 
distance  to  the  nerve  or  point.  The  skin  under  both  should  be  moistened 
to  diminish  the  resistance. 

If  a  single  large  superficial  muscle  is  to  be  treated,  two  fairly  large 
electrodes  of  equal  size  should  be  used  and  placed  over  each  end  of  it,  so 
that  the  greatest  possible  amount  of  the  current  passes  through. 

If  deep  parts,  such  as  the  spinal  cord,  are  to  be  affected,  the  elec- 
trodes should  be  still  larger,  and  should  be  placed  as  far  apart  as  possible 
over  it. 

For  still  deeper  structures,  e.g.  the  viscera  or  brain,  two  electrodes  of 
equal  size  should  be  selected,  and  placed  so  that  the  structure  in  question 
lies  in  the  straight  line  which  connects  them. 

The  following  are  the  varieties  of  electric  baths : — 

The  whole  electric  bath  is  much  advocated  by  Hedley  and  Lewis  Jones, 
and  they  adduce  evidence  in  their  writings  of  the  efficacy  of  this  mode  of  treatment, 
when  general  stimulating  and  tonic  effects  are  required.  The  bath  should  bo 
constructed  of  porcelain  or  wood,  and  not  of  metal.  Two  forms  of  baths  are 
usually  administered,  the  monopolar  and  bipolar.  In  the  former,  one  electrode  only 
is  placed  in  the  water,  the  other  being  applied  to  some  part  of  the  patient's  body 
outside  the  water,  and  it  may  be  either  the  kathode  or  the  anode,  according  to 
the  condition  of  the  patient  and  the  effect  desired.  By  this  method  the  actual 
amount  of  electricity  entering  the  patient's  body  can  be  more  accurately  estimated  ; 
on  the  other  hand,  however,  there  is  considerable  concentration  of  the  current 
on  one  part  of  the  body.  In  the  bipolar  bath,  both  electrodes,  which  are  usually 
large  copper  plates,  are  placed  in  the  water,  one  at  the  foot,  the  other  at  the 
head  of  the  bath,  and  the  current  enters  the  body  through  the  water  only. 
This  is  the  form  of  bath  which  is  most  commonly  given,  and  it  is  usually 
painless.  The  current  used  may  be  either  continuous  or  alternating,  and  can 
be  derived  from  various  sources,  namely,  the  galvanic  battery,  an  induction  coil, 
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or  from  continuous  or  alternating  electric-lighting  circuits.  The  different  forms 
of  bath,  with  the  source  of  their  electricity,  can  best  be  seen  at  a  glance  in  a 
table  drawn  up  by  Hedley — 

r(a)  Uniform  (galvanic;   modern 

central  lighting  station). 

1.  Continuous    -|  (b)  Pulsatory  (a  single  constant 
current    dynamo    of    few 


Hydro-electric  batteries 


(A.  MONOPOLAR  ^          sections). 

r(d)  Dissymetrical  (faradic). 
\_B.  BIPOLAR  (b)  Sinusoidal  (some  therapeutic 

. .  alternators  and   the  more 

12.  Altering  1  m  ^  sinusoidal  currents 

of   alternating    light    cir- 
cuits). 

The  proportion  of  the  current  taken  up  by  the  patient  varies  with  the 
temperature  of  the  water,  the  volume  and  resistance  of  the  displaced  water, 
the  specific  resistance  of  the  immersed  body,  and  the  position  of  the  body  to 
the  water  circuit.  Hedley  states  that  the  average  amount  of  the  current  which 
enters  the  body  is  25  per  cent.,  and  the  maximum  about  50  per  cent. 

The  chief  effect  of  the  electric  bath  is  its  general  refreshing  and  invigorating 
action  on  the  human  body,  the  patient  in  most  instances  experiencing  a  delight- 
ful and  remarkable  sensation  of  bodily  and  mental  exhilaration. 

In  addition,  the  appetite  may  be  improved,  sleeplessness  relieved,  and  the 
genital  functions  stimulated;  the  temperature  is  lowered  (bipolar),  the  pulse- 
rate  diminished  as  much  as  from  8  to  20  beats  per  minute ;  the  respiration 
rate  lowered  (bipolar) ;  the  secretion  of  urine  and  general  metabolism  in- 
creased. 

For  the  continuous  current  bath  a  battery  of  Leclanch6  cells,  capable  of  giving 
a  current  of  about  300  milliamperes,  and  provided  with  a  commutator,  collector, 
and  galvanometer,  may  be  used.  A  few  minutes  after  the  patient  has  entered  the 
bath,  the  current  should  gradually  be  turned  on  until  the  galvanometer  registers 
50  milliamperes ;  after  a  short  interval  the  current  should  be  gradually  increased 
until  the  strength  desired  is  attained.  No  definite  laws  can  be  laid  down  as  to 
the  actual  strength  of  current  required  for  any  particular  condition  or  disease, 
each  particular  case  has  to  be  judged  on  its  own  peculiar  merits.  If  a  continuous 
current  lighting  circuit  is  the  source  of  the  supply  of  electricity,  a  "  reducer  of 
potential "  must  be  interposed,  and  effective  insulation  above  all  things  must  be 
insured,  in  order  to  avoid  the  danger  of  leakage  currents  from  the  main  reaching 
the  patient.  Insulation  may  be  attained  by  using  a  porcelain  bath  standing  on 
vulcanised  rubber  blocks,  fixing  the  hot  and  cold  water  supply  taps  some  distance 
from  the  bath,  so  as  to  avoid  any  possible  chance  of  contact  with  the  patient, 
and  attaching  the  waste-pipe  to  the  bath  by  means  of  an  insulating  tube  of 
vulcanised  indiarubber.  Rheumatism,  rheumatoid  arthritis,  gout,  sciatica,  chorea, 
neurasthenia,  paralysis  agitans,  and  other  diseases  characterised  by  tremor,  may 
be  considerably  benefited  by  a  course  of  continuous  current  baths. 

For  the  alternating  current  bath  a  strong  induction  coil,  with  suitable 
arrangements  for  regulating  the  strength  of  current,  may  be  used ;  or,  if  the 
alternating  current  from  an  electric  lighting  main  is  the  source  of  the  electricity, 
a  transformer  should  be  used.  Effective  insulation  of  the  bath  is  imperative, 
when  the  current  from  the  main  is  utilised.  Gautier  and  Larat  advise  immersion 
from  fifteen  to  forty  minutes ;  they  describe  general  improvement  in  health  and 
nutrition  in  several  conditions,  such  as  obstinate  and  severe  chlorosis,  neur- 
asthenia, rickets,  sciatica,  muscular  rheumatism,  rheumatoid  arthritis,  gout, 
and  eczema.  Lewis  Jones  advocates  this  method  of  treatment  for  sciatica. 
Hedley  reported  the  cure  of  a  case  of  obstinate  neuralgia  treated  in  this 
manner. 

Local  electric  baths  may  be  used  for  the  treatment  of  morbid  conditions  of 
the  limbs,  such  as  infantile  paralysis,  Raynaud's  disease,  rheumatoid  arthritis, 
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etc.  Small  earthenware  or  porcelain  baths  or  large  basins  may  be  used  for  this 
purpose.  They  may  be  monopolar  or  bipolar,  continuous  or  alternating. 

The  following  general  directions  and  precautions  should  be  borne  in  mind 
in  giving  electric  baths  : — 

(1)  The  temperature  of  the  water  in  the  bath  should  be  from  90°  to  99°  F. 
In  selecting  the  temperature,  the  physician  should  be  guided  by  the  nature  of 
the  disease,  the  susceptibility  of  the  patient,  and  the  state  of  the  weather. 
(2)  If  there  are  any  wounds,  ulcers,  or  skin  abrasions  on  the  parts  to  be 
immersed,  they  should  be  protected  by  sticking-plaster.  (3)  The  position  of 
the  patient's  body  in  the  bath  must  depend  on  the  nature  of  the  disease  and 
the  part  or  parts  to  be  particularly  acted  on  by  the  current.  (4)  The  bath 
should  not  be  given  after  the  patient  has  taken  a  full  meal.  (5)  The  current 
should  be  gradually  turned  on  after  the  patient  has  entered,  until  the  strength 
required  is  attained;  and  should  be  as  gradually  turned  off,  to  prevent  the 
possibility  of  shocks.  (6)  The  period  of  immersion  should  be  from  ten  to 
twenty  minutes.  The  patient  should  be  well  rubbed  after  getting  out  of  the 
bath,  and  should  rest  for  fifteen  to  thirty  minutes  when  dressed.  (7)  Salt 
or  acid  should  not  be  added  to  the  water,  as  it  increases  the  conductivity  of 
the  water,  and  so  diminishes  the  amount  of  current  entering  the  patient's  body. 
(8)  As  a  general  rule  the  anode  should  be  at  the  head  of  the  bath  and  the 
kathode  at  the  foot,  so  that  the  direction  of  the  flow  of  the  current  is  from 
head  to  feet.  (9)  An  ordinary  bathing  costume  can  be  worn  by  the  patient. 
(10)  The  medical  man  should  always  be  present  to  regulate  the  strength  of 
the  current.  (11)  A  sensation  of  throbbing  in  the  head  may  be  relieved  by 
the  application  of  a  wet  towel.  (12)  A  feeling  of  faintness  may  be  produced 
if  the  current  is  too  strong,  and  it  can  be  overcome  by  reducing  the  strength 
of  the  current.  (13)  If  an  electric  lighting  current  is  used  for  the  bath,  in 
order  to  avoid  shocks  the  current  should  be  switched  on  before  the  patient 
enters  the  bath,  and  not  switched  off  until  he  has  left  it. 

The  electric  douche  is  advocated  by  Hedley,  who  states  that  it  "  has  proved 
itself  a  therapeutic  agent  of  undoubted  promise."  The  nozzle  is  so  arranged 
that  the  electricised  stream  escapes  in  the  form  of  a  more  or  less  condensed  jet, 
which  remains  unbroken  and  continuous  for  a  reasonable  distance.  There  must 
be  some  means  of  regulating  temperature  and  pressure.  One  pole  may  be  placed, 
by  means  of  a  large  electrode,  in  contact  with  some  indifferent  part  of  the  patient's 
body,  while  the  other  pole  is  connected  to  the  metal  of  the  douche,  so  that  the 
fluid  of  the  jet  is  the  second  electrode.  The  metal  nozzle  must  be  well  insulated ; 
metal  taps  and  pipes  which  control  the  water  supply  must  also  be  insulated  to 
prevent  leakage  of  electricity.  Two  kinds  of  nozzle  are  used,  a  single  jet  for 
current  concentration,  and  a  "rose"  jet  for  current  diffusion.  A  battery  of  40 
Hellesen  cells,  with  an  electromotive  power  of  50  to  60  volts,  may  be  used  for 
the  continuous  current,  or  a  fair-sized  induction  coil  for  the  alternating  current. 
The  douche  has  a  general  refreshing  effect,  stimulates  the  circulation  and  nutri- 
tion, and  promotes  absorption  through  its  action  on  the  circulation.  Hedley  recom- 
mends its  use  in  chronic  joint  affections,  conditions  of  general  debility,  and 
malnutrition,  neurasthenia,  exhaustion,  anaesthesia,  old  standing  paralysis  of 
central  origin,  and  for  internal  applications,  especially  in  uterine  diseases. 

The  following  are  the  least  used  varieties  of  electric  current : — 

Dynamo  current. — The  chief  advantages  to  be  gained  by  its  use  are  that 
it  is  cheaper,  no  chemicals  are  required,  the  apparatus  does  not  require  so  much 
attention,  and  the  expenses  for  maintenance  and  repairs  are  much  less.  Two 
forms  of  current  are  generated  for  purposes  of  electric  lighting — the  continuous 
and  the  alternating;  and  both  can  be  utilised  by  doctors.  The  continuous 
current  supply  can  be  adapted  for  galvanisation,  for  working  an  induction 
coil,  for  cautery  work,  for  light,  for  electrolysis,  for  exciting  spark  coils  for 
Rontgen  ray  work,  and  for  charging  accumulators.  It  should  be  passed  through 
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a  rheostat,  so  that  the  electromotive  force  can  be  carefully  regulated.  The  amount 
of  electromotive  force  required  varies,  e.g. — 

1.  For  the  galvano-cautery          .         .         .         .         .         .         .4        volts. 

2.  For  small  incandescent  lamps  for  endoscopes,  laryngoscopes,  etc.  4—8       „ 

3.  For  the  electric  bath       ........  8  „ 

4.  For  medical  applications         .......  12-15  ,, 

If   the   alternating   current   is   used,   it   should   be   first    passed   through    a 

transformer.  This  form  of  current  is  most  suitable  for  cauteries  and  lamps, 
and  may  be  also  used  for  driving  a  motor ;  it  cannot  be  used  for  galvanisation, 
except  by  means  of  an  alternating  current  motor  driving  a  continuous  current 
dynamo.  The  induction  current  derived  from  the  alternating  current  is  much 
smoother,  of  a  more  continuous  character,  and  much  pleasanter  to  the  patient, 
than  that  obtained  from  the  ordinary  induction  coil. 

High  potential  electricity. — Tesla  uses  a  current  of  very  high  electromotive 
force,  100,000  to  1,000,000  volts  or  more,  and  extremely  rapid  alternations, 
500,000  to  10,000,000  or  more  per  second,  which  is  produced  by  an  alternating 
current  dynamo  with  a  stationary  armature.  The  current  is  passed  through  an 
induction  coil  insulated  in  oil,  which  has  a  battery  of  Ley  den  jars  connected  in 
the  circuit  of  the  secondary  wire.  Elihu  Thompson  produces  similar  effects  on 
a  smaller  scale  with  a  simpler  apparatus. 

Static  electricity. — A  satisfactory  and  excellent  static  machine  has  recently 
been  produced  by  Messrs.  Watson  &  Sons  from  the  design  of  Lewis  Jones. 
It  consists  of  eight  36  in.  plates  mounted  upon  steel  tubing,  on  the  cantilever 
principle,  which  insures  absolute  rigidity.  It  is  fixed  in  an  air-tight  case, 
and  the  rotation  is  effected  by  means  of  a  counter-shaft  which  is  carried 
through  a  dust-proof  fitting  at  the  side  of  the  case.  It  may  be  worked  by 
hand,  with  the  feet  by  means  of  a  geared  Avheel  and  pedals,  on  the  bicycle 
principle,  or  by  an  electric  motor  of  £  horse-power,  which  may  be  fitted  to 
an  electric-lighting  main,  a  rheostat  of  175  ohms  maximum  resistance  being 
interposed  in  order  to  regulate  the  rate  of  rotation.  Freedom  from  dust  is 
insured  by  means  of  the  air-tight  case,  and  from  damp  by  placing  bowls 
of  dried  calcium  chloride  inside  the  case.  The  requisites  in  addition  to  the 
machine  are — a  platform  of  wood  Avith  glass  legs,  on  which  the  patient  is 
placed  seated  on  a  chair  or  stool ;  electrodes,  chains  for  grounding  the  electrodes 
and  poles ;  a  "  shepherd's  crook "  rod  for  connecting  either  of  the  poles  of 
the  machine  with  the  platform ;  a  standard  with  an  adjustable  arm  for  sup- 
porting the  electrodes,  a  brass  tray,  etc.  The  machine  should  be  firmly  fixed 
in  a  large  and  dry  room.  Metallic  groundings  must  be  provided  for  the 
poles  and  electrodes.  Gas  and  water  pipes,  if  available,  serve  the  purpose 
well ;  if  not,  two  pieces  of  iron  pipe  should  be  driven  into  the  ground  sufficiently 
deep  to  reach  moisture,  and  these  should  be  connected  with  heavy  copper 
wires,  which  can  be  conveniently  got  at.  It  is  absolutely  necessary  to  secure 
two  separate  and  reliable  groundings.  A  convenient  method  of  arranging  the 
groundings  is  recommended  by  Monell :  a  piece  of  stout  copper  wire  should 
be  attached  to  the  bottom  of  the  case  of  the  machine  and  carried  to  a  water  pipe, 
to  which  it  should  be  permanently  fastened,  and  this  may  be  used  for  grounding 
one  of  the  poles  by  connecting  them  with  a  brass  chain.  The  electrode  may 
be  grounded  by  attaching  a  brass  chain  to  the  metallic  part  of  the  electrode, 
and  hooking  the  other  end  to  a  gas  bracket  or  to  a  wire  connected  with  it. 
Good  conduction  must  be  provided  from  the  active  pole  to  the  patient.  The 
patient  should  be  seated  on  a  chair  which  is  placed  on  the  wooden  platform ; 
care  must  be  taken  to  see  that  the  dress  is  not  touching  the  ground,  and  the 
chair  should  not  be  ornamented  with  large  nails.  "  By  far  the  most  efficient  way 
to  get  a  current  directly  into  the  patient  is  through  a  metal  tray  placed  under 
the  feet,  or  a  chain  or  rod  held  in  the  hands.  I  habitually  use  a  brass  tray 
about  15  in.  square,  to  one  corner  of  which  is  attached  2  ft.  of  chain.  When 
the  rod  from  the  prime  conductor  is  placed  upon  the  platform  in  the  usual 
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way,  the  free  end  of  this  chain  is  thrown  around  it,  and  direct  conduction  is 
secured  "  (Monell). 

Static  electricity  may  be  applied  in  the  following  ways : — 

Positive  electrification.  —  This  is  continuous  electrification.  The  patient 
should  be  seated  on  the  platform,  which  should  not  be  under  a  gas  chandelier. 
The  part  of  the  patient's  body  nearest  to  the  machine  should  be  at  least  a 
distance  of  2  ft.  from  the  negative  pole.  The  negative  pole  must  be  grounded. 
The  metal  foot-plate  under  the  patient's  feet  must  be  connected  with  the  rod 
which  is  attached  to  the  positive  pole.  The  sliding  poles  of  the  machine  must  be 
wide  apart. 

Negative  electrification. — The  patient  must  be  arranged  as  for  the  positive, 
except  that  the  negative  pole  must  be  substituted  for  the  positive  pole,  and 
vice  versa.  This  likewise  is  continuous. 

Potential  alternation,  or  interrupted  oscillatory  general  electrification,  intro- 
duced by  Monell  in  1893.  The  patient  must  remove  the  shoes  and  place  the 
feet  and  keep  them  flat  upon  a  reservoir  electrode  filled  with  warm  water,  and 
must  then  be  arranged  as  for  positive  electrification.  Then  a  large  brass-ball 
spark  electrode  should  be  fixed  on  the  movable  standard  and  placed  near  the 
positive  pole,  so  that  the  ball  of  the  electrode  and  "shepherd's  crook"  touch 
each  other.  The  electrode  should  be  grounded  to  the  gas  fixture.  The  head- 
breeze  electrode  should  then  be  arranged  about  3  ft.  from  the  patient,  and 
connected  with  the  same  chain  which  connects  the  negative  pole  to  the  water- 
pipe.  The  machine  should  next  be  started  in  action,  and  the  ball  electrode 
withdrawn  from  the  shepherd's  crook,  so  that  the  length  of  spark  will  cause  a 
gentle  thrill  to  be  felt,  and  vigorous  oscillation  also  in  the  hair.  The  operator 
should  use  only  one  hand  to  remove  the  electrode  from  the  crook. 

Positive  static  breeze. — The  patient  should  be  arranged  as  if  for  negative 
electrification.  For  a  stationary  breeze,  the  brass-pointed  electrodes  should  be 
fixed  on  the  standard  at  a  suitable  distance  from  the  part  to  be  treated.  For 
a  vertex  head  breeze  the  hinged  rod  at  the  top  may  be  used ;  it  should  be  adjusted 
over  the  patient's  head,  and  the  special  electrode  made  of  fine  wire  in  the  form  of 
a  brush  attached  to  it.  The  electrode  should  be  grounded  to  the  gas  fixture. 

Moving  positive  breeze. — The  pointed  electrode  should  be  attached  to  a  chain, 
the  end  of  which  should  be  fixed  to  the  gas  bracket,  in  order  to  ground  it,  and  it 
should  then  be  swept  over  the  body  at  the  distance  necessary  to  produce  the 
special  effect  desired.  Monell  advises  that  the  current  should  be  interrupted 
before  it  gets  to  the  patient,  and  this  is  effected  by  the  patient  holding  the  plat- 
form rod  in  the  hands  and  resting  the  cross  upon  the  frame  of  the  case,  in  such  a 
way  that  the  rod  can  be  steadily  and  easily  held  at  a  distance  of  an  inch  or  more 
from  whatever  prime  conductor  is  selected  for  the  treatment. 

The  negative  static  breeze. — The  patient  must  be  arranged  as  for  the  positive, 
except  that  the  negative  pole  must  be  substituted  for  the  positive  pole,  and 
vice  versa. 

Positive  and  negative  static  spray.  —  Is  practically  an  intensified  breeze 
application,  and  the  effect  can  be  obtained  by  arranging  the  patient  as  for  breeze 
application,  but  the  electrode  must  be  nearer  to  the  patient,  so  that  a  shower  of 
visible  electrified  particles  becomes  visible. 

Massage  roller  applications. — The  intensity  of  these  applications  depends  on 
the  distance  between  the  two  sliding  poles. 

It  may  be  employed  in  several  different  ways — (1)  "Attach  the  chain  to 
either  the  negative  or  positive  pole,  apply  the  electrode  to  the  insulated  patient, 
and  ground  the  opposite  pole."  (2)  "Connect  the  platform  and  the  machine 
with  the  rod  as  usual,  and  attach  the  electrode  to  the  opposite  pole,  which  is  also 
grounded." 

It  may  also  be  used  with  a  Leyden  jar  current. 

Positive  static  sparks. — The  patient  should  be  arranged  as  for  negative  electri- 
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fication.  The  large  brass  electrode  should  be  grounded  by  means  of  the  gas  fixture, 
and  should  be  quickly  brought  near  to  any  part  of  the  patient  desired,  so  that  a  single 
long  spark,  which  may  vary  in  length  from  1  to  6  in.,  passes  (the  percussive  spark), 
or  the  ball  may  be  rubbed  into  the  surface  of  the  patient's  clothes,  so  that  the 
current  will  pass  in  the  form  of  a  number  of  sharp  minute  sparks,  from  ^  in.  to  i  in. 
in  length  (fractional  spark). 

Treatment  by  static  electricity  produces  very  important  effects.  It  causes 
increase  of  the  body  weight,  promotes  oxidation,  increases  the  amount  of  urine, 
increases  the  excretion  of  urea,  and  diminishes  the  excretion  of  uric  acid, 
increases  the  appetite,  causes  an  increase  of  strength  and  vita,  energy,  induces 
sleep,  lowers  blood  pressure,  promotes  gentle  perspiration,  has  a  corrective 
action  on  the  pulse,  increasing  its  rate  if  it  is  too  slow  and  decreasing  it  if  too 
fast.  It  stimulates  the  function  of  nerves  and  muscles.  On  the  skin,  it  first  of 
all  causes  vasomotor  constriction,  local  anaemia,  followed  by  dilatation  and  hyper- 
aemia,  and  it  may  cause  wheals  or  papules  if  sparks  are  applied  for  some  time. 
It  promotes  the  absorption  of  chronic  exudation.  It  has  sedative  and  also  irritat- 
ive cutaneous  effects,  according  to  the  method  of  application.  General  positive 
electrification,  potential  alternation,  extended  local  breeze  spray  applications,  and 
medium  spark  applications  can  be  used  to  promote  general  nutrition.  Sedative 
effects  are  best  produced  by  the  positive  breeze,  which  may  be  used  for  local  conges- 
tions, tender  points,  dermatitis,  etc.  The  breeze  should  be  directed  upon  the 
uncovered  skin,  and  the  electrodes  should  be  held  at  a  distance  sufficient  to  prevent 
sparking.  The  length  of  the  application  should  be  from  five  to  twenty  minutes, 
the  severer  the  condition  the  longer  the  application.  General  stimulating  effects 
can  be  produced  by  general  electrification,  breeze  and  spray  applications,  and  by 
means  of  Leyden  jar  currents.  All  forms  of  local  application  have  a  local  stimulat- 
ing effect.  Counter-irritant  effects  may  be  caused  by  spark  applications.  Muscular 
contraction  may  be  produced  by  static  sparks,  roller  applications,  and  Leyden  jar 
currents.  The  indications  for  and  the  uses  of  static  electricity  are  best  summed 
up  in  the  words  of  Monell : — "  The  theoretical  range  of  therapeutic  indications 
for  static  electricity  is  nearly  as  wide  as  disease  itself,  for  at  some  time  in  every 
almost  important  deviation  from  health  it  can  be  employed  with  benefit  to  the 
patient,  if  the  physician  and  patient  so  desire.  It  may  be  usefully  prophylactic, 
before  lessened  tissue  resistance  furnishes  the  nidus  for  definite  disease ;  it  may 
in  some  forms  palliate,  and  in  other  cases  cure,  a  great  many  states  of  sickness 
which  are  not  toxic  or  febrile ;  and  when  no  active  part  befalls  it  in  acute  stages, 
it  will  do  much  to  shorten  a  tedious  convalescence.  In  a  surgical  office  it  will 
light  up  a  Crookes'  tube  more  radiantly  than  any  other  present  means  of  electrical 
excitation,  and  with  the  fluoroscope  or  photographic  plate  make  the  examination 
of  fractures,  dislocations,  and  a  variety  of  bone  lesions  more  satisfactorily  and 
instantaneously  than  any  other  means.  It  will  often  relieve  the  nerve  and 
muscular  effects  of  traumatism,  allay  local  inflammations,  subdue  pain,  restore 
the  circulation  to  contused  parts,  quicken  the  reparative  process  of  nature, 
increase  mobility  of  stiffened  muscles  and  joints,  provide  a  superb  form  of  passive 
motion  and  massage,  excite  recuperating  contractions  in  muscles  paralysed  from 
injury  or  the  inaction  of  splints,  tone  up  and  strengthen  the  patient,  and  in  expert 
hands  will  render  with  quick  facility,  and  with  far  less  trouble  than  any  other 
equally  efficient  procedure,  an  immense  amount  of  invaluable  aid." 

Cataphoresis. — By  osmosis  is  meant  the  tendency  of  fluids  and  gases  to 
become  equally  diffused  when  in  contact.  If  a  vessel  is  divided  into  two 
compartments  of  equal  size  by  means  of  a  porous  partition,  and  pure  water  is 
poured  into  one,  and  an  equal  amount  of  salt  solution  into  the  other,  the  water, 
being  of  less  density  than  the  salt  solution,  has  a  tendency  to  pass  through  the 
partition  to  the  salt  solution,  and  at  the  same  time  there  is  a  tendency  (although 
to  a  much  less  degree)  for  the  salt  solution  to  pass  through  to  the  water.  If 
platinum  terminals  connected  with  a  galvanic  battery  are  placed  in  the  solutions, 
the  anode  being  in  the  water  and  the  kathode  in  the  salt  solution,  the  osmosis  will 
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take  place  much  more  quickly,  showing  what  a  marked  effect  electricity  has  on 
this  process.  If  the  terminals  are  reversed,  the  most  marked  osmosis  occurs  in  the 
opposite  direction,  but  to  a  much  less  degree.  This  property  of  the  electric 
current  may  be  made  use  of  in  medicine,  for  by  its  means  various  drugs  (iodide  of 
potassium,  bichloride  of  mercury,  strychnine,  atropine,  quinine,  and  cocaine,  etc.,  in 
solution)  may  be  introduced  into  the  system  through  the  unbroken  skin.  The  skin 
must  be  looked  upon  as  a  porous  partition,  existing  between  the  alkaline  fluids  of 
the  body  and  the  medicinal  substance  in  solution  to  be  introduced.  That  these 
drugs  are  actually  introduced,  is  proved  by  the  fact  of  their  being  found  subse- 
quently in  the  urine  and  saliva,  and  on  account  of  their  characteristic  physio- 
logical effects  being  produced.  This  method  of  administering  drugs  is  called 
cataphoresis,  medicamental  diffusion,  or  electric  osmosis. 

The  electric  light  bath. — The  electric  light  has  been  used  in  the  form  of 
a  bath  or  cabinet,  containing  incandescent  lamps  or  an  arc  light.  It  is  stated  by 
Kellog  to  increase  the  elimination  of  C00  and  urea,  to  cause  sweating,  and  to 
raise  the  body  temperature.  It  has  been  used  for  muscular  rheumatism,  obesity, 
headache,  lupus,  eczema,  ulcers  of  the  legs.  The  benefit  is  probably  due  to  the 
heat  (see  p.  899). 

The  Rontgen  rays. — The  X-rays  have  proved  to  be  of  very  great 
value  as  an  aid  to  surgical  and  medical  diagnosis.  I  shall  confine  myself 
to  a  short  account  of  what  is  at  present  known  of  their  therapeutical  pro- 
perties. They  have  an  important  influence  over  the  skin,  as  is  shown  by 
the  severe  forms  of  dermatitis  which  sometimes  follows  exposure  to  them. 
Walsh  states  that  a  dermatitis  varying  in  severity,  sometimes  destroying 
hairs,  the  deep  layers  of  the  epidermis,  and  even  subcutaneous  tissues, 
may  be  set  up  by  exposure  to  the  X-rays,  that  it  may  follow  several  short 
exposures  or  one  long  exposure  with  the  tube  close  to  the  skin,  and  "  that  the 
inflammation  is  probably  due  in  some  way  to  chemical  rays  generated  in  the 
focus  tube,  or  to  electrical  conditions  produced  in  the  skin,  or  to  a  combina- 
tion of  these  two  agencies,  and  to  X-rays  themselves."  Hughes  states  that 
a  covering  of  stout  indiarubber  prevents  bad  effects  on  the  skin.  Payne 
uses  red  silk,  and  states  that  he  never  had  a  case  of  dermatitis. 

Fiorenti  and  Luraschi,  experimenting  on  the  effect  X-rays  had  on  the 
growth  of  tubercle,  inoculated  guinea-pigs  with  intraperitoneal  injections 
of  tubercle  bacilli,  and  found  that  the  tuberculous  infection  was  much 
retarded.  It  cannot  be  said  that  cases  of  phthisis,  treated  by  exposure  to 
X-rays,  have  derived  any  permanent  benefit. 

Schonberg  reports  the  successful  treatment  of  nine  cases  of  lupus.  He 
uses  a  mask  of  cardboard  covered  with  tinfoil  to  protect  adjacent  parts. 
As  soon  as  a  redness  of  the  skin  appears,  the  sitting  should  be  discontinued. 
Holland  reports  an  extremely  interesting  case  of  lupus  cured  by  X-rays. 
The  patient  was  a  boy,  set.  16,  suffering  from  extensive  ulcerating  lupus, 
which  had  attacked  the  left  side  of  his  face  and  ear.  It  was  of  five  years' 
duration,  had  been  often  scraped  and  had  had  caustics  applied.  On 
18th  April  all  treatment  was  stopped,  except  the  application  of  boracic 
ointment.  Between  18th  April  and  14th  June  he  was  exposed  to  the 
X-rays  seventeen  times,  for  fifteen  minutes  each  time.  A  10  in.  coil  with 
Newton's  tube,  the  platinum  being  kept  red-hot,  was  used  on  all  occasions 
excepting  one ;  the  distance  of  the  glass  tube  from  the  skin  was  from  4  to 
5  in.  After  eleven  exposures  some  hair  on  the  side  of  the  head  next  to 
the  tube  began  to  come  out.  By  14th  June  the  lupus  was  nearly  healed ; 
on  llth  August  it  was  quite  healed. 

Schill  and  Freund  have  used  the  X-rays  for  the  removal  of  superfluous 
hairs,  and  have  also  successfully  treated  cases  of  sycosis  and  favus,  complete 
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recovery  being  obtained  after  seven  to  thirteen  exposures  respectively. 
Hahn  reports  ten  cases  of  chronic  eczema  successfully  treated  by  X-rays. 

Therapeutics. — Diseases  of  nervous  system. — The  two  groups 
which  lend  themselves  most  to  electrical  treatment  are  organic  diseases  of 
the  nervous  system  involving  the  lower  neurone,  and  functional  diseases. 
Great  improvement,  and  in  many  cases  complete  restoration  to  health, 
may  be  determined  or  accelerated  by  careful  and  judicious  electrical 
applications.  In  paralysis  due  to  lesions  of  the  muscles  or  to  lesions  of 
the  upper  neurone,  the  muscles  may  be  exercised  and  their  nutrition 
improved  by  electrical  application,  but  very  little  hope  of  any  permanent 
benefit  can  be  expected. 

The  following  summary  of  indications  for  electrical  treatment  of  diseases 
of  the  nervous  system  may  be  useful : — 

For  paralysis. — If  the  muscles  do  not  react  to  faradism  and  there  is 
reaction  of  degeneration,  use  labile,  kathodal,  galvanic  applications. 

If  the  muscles  react  to  faradism  and  there  is  no  reaction  of  degenera- 
tion, use  labile,  faradic  applications  ;  labile,  kathodal,  galvanic  applications ; 
or  positive  static  spray. 

For  pain. — Use  unipolar,  stabile,  anodal,  galvanic  applications ;  the 
positive  static  spray  or  breeze  ;  high  tension  induction  coil  currents  with  the 
positive  electrode  over  the  seat  of  pain.  Excite  counter-irritation,  either 
by  means  of  the  faradic  brush  or  static  sparks. 

For  spasm,  rigidity,  and  contractions. — Use  unipolar,  stabile,  anodal, 
galvanic  applications ;  counter-irritation  with  the  faradic  brush ;  or  the 
static  breeze  or  friction. 

Ancesthesia.  —  Use  strong  faradic  applications ;  the  faradic  brush ; 
general  static  electrification ;  or  static  sparks. 

Tremors. — Use  labile,  kathodal,  galvanic  applications ;  general  static 
electrification ;  the  static  breeze ;  or  electrostatic  sparks. 

We  now  pass  on  to  the  individual  diseases  of  the  nervous  system. 

Hemiplcgia,  paraplegia,  or  monoplegia  from  cerebral  lesions. — It  must 
be  obvious,  from  a  glance  at  the  numerous  pathological  changes  which 
produce  these  conditions,  that  the  indiscriminate  application  of  electricity 
is  unsatisfactory  and  unscientific.  Only  certain  forms,  which  are  due 
to  slight  or  recoverable  lesions,  can  be  permanently  benefited.  I  have 
seen  benefit,  however,  accrue  from  massage  and  galvanism  in  a  case 
of  monoplegia  following  the  removal  of  a  cortical  tumour  from  the 
Eolandic  area.  Kathodal  labile  applications  were  used  to  the  limb,  and 
some  power  was  regained,  and  the  rigidity  decidedly  lessened.  The  cases 
which  mostly  come  under  treatment  are  those  of  gradually  recovering 
hemiplegia,  the  result  of  cerebral  haemorrhage.  Electrical  treatment 
should  not  be  commenced  until  the  fourth  or  fifth  week  after  the 
incidence  of  symptoms.  Labile  kathodal  applications,  of  about  5  milliam- 
peres  to  10  milliamperes,  to  the  affected  limbs,  should  be  given  for 
about  fifteen  minutes  three  or  four  times  a  week.  During  the  last  six 
years  ninety-two  cases  of  hemiplegia  have  been  treated  in  the  Electrical 
Department  at  Guy's  Hospital,  and  in  a  large  number  improvement  has 
been  noticed.  Faradism  often  benefits  when  galvanism  does  not ;  as  a 
general  rule,  it  is  better  to  commence  with  galvanism,  and  if  this  is  not 
satisfactory  then  to  use  faradism.  Erb  commences  direct  galvanisation 
of  the  head  three  or  four  months  after  the  haemorrhage,  the  anode  being 
placed  over  the  side  on  which  the  lesion  is  situated.  Remak  also  recom- 
mends galvanism  of  the  head  a  few  weeks  after  the  onset,  on  the  supposi- 
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tiou  that  the  katalytic.  action  of  the  current  promotes  the  more  rapid 
absorption  of  the  haemorrhage,  but  I  cannot  say  I  have  noticed  much 
good  from  galvanisation  of  the  head.  For  rigidity  Erb  advises  strong 
stabile  galvanic  or  strong  faradic  applications. 

Dawson  Turner  recommends  in  hemiplegia,  for  the  brain,  a  stabile 
galvanic  current,  1  to  5  milliamperes,  to  the  head,  large  electrodes  being 
used.  For  the  spinal  cord. — The  anode  over  the  lesion  and  the  kathode 
moved  up  and  down  over  the  spinal  column.  For  the  muscle  and  nerves. — 
Kathodal  labile  applications,  the  anode  being  placed  on  the  cervical 
region. 

Facial  paralysis.  —  Before  commencing  the  treatment  of  facial 
paralysis,  it  is  of  the  greatest  importance  to  determine  whether  the 
paralysis  is  due  to  a  supranuclear  or  an  infranuclear  lesion. 

Infranuclear  paralysis  is  the  most  benefited  by  electrical  treatment,  and 
especially  so  is  that  form  due  to  peripheral  neuritis,  the  result  of  exposure 
to  wet  or  cold.  The  electrical  reactions  should  always  be  tested,  as  they 
afford  a  very  important  basis  for  prognosis.  If  at  the  end  of  a  week 
there  is  no  response  to  faradism,  and  reaction  of  degeneration  is  present, 
recovery  will  not  take  place  for  some  months,  perhaps  nine  or  ten  months, 
unless,  after  treatment  for  a  month  or  six  weeks,  a  faradic  reaction  can 
be  obtained,  when  earlier  recovery  may  be  looked  for.  If  after  three  or 
four  months'  treatment  there  is  no  response  to  faradic  stimulation,  the  prog- 
nosis as  to  the  ultimate  recovery  is  very  doubtful.  If  from  the  first  the 
faradic  irritability  is  only  diminished,  and  even  if  reaction  of  degeneration 
is  present,  the  prognosis  is  good,  and  recovery  may  be  looked  for  in  three 
or  four  months.  If  there  is  no  reaction  of  degeneration,  and  faradic  irrit- 
ability is  only  a  little  diminished,  recovery  takes  place  in  a  still  shorter 
time. 

At  Guy's  Hospital  the  following  procedure  is  usually  adopted.  A 
galvanic  current  of  from  3  to  5  milliamperes  is  used.  The  anode  is  placed 
at  the  nape  of  the  neck,  and  the  kathode,  in  the  form  of  a  medium-sized 
sponge  electrode,  is  gently  rubbed  over  the  affected  side  of  the  face.  The 
current  is  gradually  turned  on  and  off  at  the  commencement  and  the  end 
of  the  sitting.  The  patients  attend  three  times  a  week.  After  treatment 
for  a  few  weeks,  the  strength  of  the  current  may  be  increased,  and  later 
still,  when  the  muscles  react  to  faradism,  a  weak  faradic  current  may  be 
substituted.  If  there  is  any  evidence  of  contracture,  faradism  is  contra- 
indicated.  In  slight  forms  of  paralysis,  when  the  muscles  react  to  faradism, 
a  weak  faradic  current  may  be  used  for  treatment. 

Gowers  recommends  galvanism — the  anode  as  the  indifferent  pole  being 
placed  beneath  the  zygoma,  and  the  kathode  stroked  along  the  course  of  the 
muscles,  a  weak  current  only  just  sufficient  to  cause  a  response  being  used, 
the  applications  to  be  repeated  once  or  twice  a  day.  Beard  and  Eockwell 
advise  local  faradisation  and  galvanisation,  but  not  the  former,  if  the 
muscles  do  not  respond  to  faradism.  Vigoroux  avoids  local  electrical 
treatment  for  this  condition,  and  advises  general  electrification  by  means 
of  static  electricity. 

Lateral  sclerosis  of  spinal  origin. — Electrical  treatment  is  of  very 
little,  if  any,  good  in  cases  of  this  class.  Gowers  writes :  "  Electricity  is 
useless  in  the  pure  disease,"  i.e.  in  primary  spastic  paraplegia.  I,  too,  have 
seen  no  good  result  follow  treatment,  except  in  cases  of  myelitis.  Beard 
and  Rockwell  recommend  galvanisation  of  the  spine,  and  peripheral 
faradisation  and  galvanisation. 
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Dawson  Turner  advocates  unipolar  stabile  galvanisation.  He  uses  two 
large  pad  electrodes :  the  negative,  being  as  much  as  8  in.  square,  is  placed 
over  the  abdomen,  and  the  positive  over  the  lumbar  part  of  the  cord.  At 
first  he  uses  a  weak  current,  but  afterwards,  if  necessary,  increases  it  to  40 
or  50  milliamperes.  He  quotes  a  case  in  which  marked  improvement 
took  place  under  this  plan  of  treatment. 

Infantile  paralysis. — In  well-marked  cases  the  muscles  involved  show 
electrical  changes  characteristic  of  the  reaction  of  degeneration.  In 
cases  which  show  an  early  loss  of  electrical  excitability,  the  muscle  fibres 
may  disappear  altogether  and  be  replaced  by  fibrous  tissue.  A  point  of 
very  great  importance  is,  that  all  the  anterior  cornual  cells  which  govern 
the  nutrition  of  a  muscle  may  not  be  involved,  so  that  the  corresponding 
nerve  and  muscle  fibre  may  remain  intact  or  little  damaged ;  under  such 
conditions,  muscle  fibres  or  groups  of  fibres  may  be  seen  presenting  a 
normal  appearance  in  the  midst  of  the  degenerated  fibres.  The  careful 
and  persistent  treatment  of  such  a  muscle  by  electricity  will  in  time  lead 
to  an  increase  in  its  size,  and  to  a  consequent  improvement  in  its  power. 
The  electricity  acts  as  a  stimulus,  and  as  it  were  exercises  the  fibres  which 
are  left,  so  that  in  time  the  muscle  grows  from  the  development  of  those 
fibres,  just  as  a  healthy  muscle  may  be  made  to  increase  in  size  and  power 
by  appropriate  exercises  and  uses.  An  examination  of  the  condition  of  the 
electrical  reactions  should  be  made  before  treatment  is  commenced,  and  in 
many  cases  a  prognosis  as  to  ultimate  recovery  or  extent  of  improvement 
can  be  gained  by  this  means.  The  examination  should  not  be  made  until 
it  is  quite  clear  that  the  paralysis  is  not  progressing.  The  following  rules 
are  useful  for  prognosis  : — 

1.  If  the  muscles  respond  in  a  normal  manner  to  faradism,  the  lesion  is 
slight,  and  the  paralysis  will  pass  away  in  a  month  or  so. 

2.  If,  soon  after  the  onset,  the  muscles  do  not  respond  to  faradism,  the 
wasting  will  be  very  rapid,  and  in  many  cases  permanent. 

3.  If,  at  the  end  of  about  ten  days  after  the  onset,  the  muscles  react  well 
to  faradism,  and  at  the  end  of  from  two  to  three  weeks  there  is  only  a 
diminished  irritability  noticed,  the  paralysis  and  wasting  will  be  less,  and 
there  will  be  a  better  chance  of  an  ultimate  recovery. 

4.  If  reaction  of  degeneration  has  been  found,  but  after  a  time  there  is  a 
return  of  faradic  irritability,  it  indicates  the  possibility  of  improvement 
and  even  of  recovery. 

5.  If,  in  chronic  cases  of  more  than  two  years'  standing,  there  is  any 
response  to  faradism,  further  improvement  may  be  looked  for  from  elec- 
trical treatment. 

6.  If,  at  the  end  of  two  years,  the  muscles  do  not  react  to  either  faradic 
or  galvanic  stimulation,  there  will  be  a  very  small  chance  of  much,  if  any, 
improvement  taking  place. 

7.  If  reaction  of  degeneration  is  found  more  than  two  years  after  the 
incidence  of  the  disease,  it  indicates  that  there  has  not  been  a  complete 
destruction  of  the  anterior  cornual  cells,  and  that  there  will  be  hope  of 
improvement  by  electrical  treatment. 

Differences  of  opinion  exist  as  to  the  time,  after  the  onset  of  the  dis- 
ease, at  which  electrical  treatment  should  be  commenced.  It  certainly 
should  not  be  begun  until  the  acute  symptoms  have  subsided  ;  as  a  general 
rule,  at  the  end  of  the  fourth  week  is  a  safe  time.  If  treatment  is  begun 
earlier,  there  is  a  danger  of  exaggerating  the  spinal  lesion.  Much  improve- 
ment cannot  be  hoped  for  and  must  not  be  expected  in  a  week  or  two,  or 
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even  at  the  end  of  months  in  many  cases,  but  the  treatment  must  never- 
theless be  carried  out  patiently  and  persistently  for  one,  two,  or  even  more 
years.  For  the  first  few  months  the  applications  should  be  made  daily  ; 
subsequently,  two  or  three  times  a  week,  as  long  as  there  is  any  progress. 
The  best  proof  of  improvement  taking  place  is,  that  mothers  bring  their 
children  regularly,  at  great  personal  inconvenience,  to  hospital  electrical 
departments  for  months  and  even  years. 

Children  are  very  easily  terrified  by  the  sensations  produced  by  electrical 
applications,  and  therefore  it  is  advisable  at  first  to  commence  with  very 
weak  currents,  or,  better  still,  to  apply  the  electrodes  without  any  current. 
When  the  child  is  used  to  the  electrodes,  the  current  should  be  gradually 
increased  in  strength  until  muscular  contractions  are  produced.  Beard 
and  Eockwell  write :  "  The  most  frequent  mistake  is  to  overdo  the  treat- 
ment— to  use  too  strong  currents  and  too  long  applications,  and  thus 
weaken  rather  than  strengthen  the  muscle." 

I  use  the  galvanic  current.  The  indifferent  electrode,  which  is  the 
anode,  is  placed  over  the  spine,  and  the  affected  limbs  or  muscles  are 
brushed  with  a  sponge  electrode  which  is  connected  with  the  negative  pole. 
No  definite  strength  of  current  is  ordered.  At  first  a  weak  current  is  used, 
and  it  is  gradually  increased  until,  if  possible,  muscular  contractions  are 
produced  without  causing  pain.  Some  of  the  cases  are  treated  by  means 
of  local  electric  baths,  the  limb  being  placed  in  the  water  and  the  poles  of 
the  battery  connected  to  flat  electrodes  placed  at  each  end  of  a  small 
earthenware  tub ;  it  is  a  convenient  and  effective  method.  Lewis  Jones 
is  a  strong  advocate  of  the  treatment  by  electric  baths.  He  uses  the 
sinusoidal  current  from  the  mains.  If  the  muscles  do  not  react  to 
faradism,  Starr  advises  the  use  of  an  interrupted  galvanic  current,  the 
anode  being  used  as  the  active  electrode,  as  it  causes  a  more  vigorous 
response  than  the  kathode.  The  interruptions  should  be  about  100  per 
minute,  and  can  be  made  by  using  an  appropriate  key.  The  smallest 
current  which  will  produce  a  muscular  contraction  should  be  employed. 
Each  muscle  should  be  treated  daily  for  about  three  minutes.  If  the 
interruptions  do  not  produce  contractions  the  current  should  be  alternated. 
Opinions  are  divided  on  the  use  of  faradism.  Gowers  says  it  is  contra- 
indicated,  as  it  is  harmful  and  increases  the  tendency  to  atrophy.  Starr 
states  that  if  muscles  react  to  faradic  stimulation,  recovery  will  be  hastened 
by  faradic  applications.  Lewis  Jones  advises  the  use  of  the  induction  coil, 
as  being  the  best  instrument  for  use  in  cases  treated  at  home  by  the 
patients.  The  direct  application  of  electricity  to  the  spinal  cord  over  the 
seat  of  the  lesion  has  its  advocates,  but  is  deprecated  by  Gowers,  Starr, 
and  Yeo. 

The  best  and  most  satisfactory  method  is  the  treatment  by  means  of 
electric  baths.  It  is  convenient  and  effective,  and  improves  the  general 
condition  of  the  patient  as  well  as  the  affected  parts. 

Progressive  muscular  atrophy. — Electrical  treatment  will  certainly  not 
effect  a  cure.  Thirteen  cases  have  been  treated  in  Guy's  Hospital  during 
the  last  six  years,  and  none  of  them  showed  any  marked  benefit.  Labile 
kathodal  galvanic  applications  to  the  affected  parts  were  used,  the  strength 
of  current  being  about  10  milliainperes,  the  indifferent  anodic  electrode 
being  applied  to  the  back  over  the  lower  cervical  and  upper  dorsal 
vertebrae. 

Local  electric  baths  are  a  very  convenient  method  of  doing  what  little 
can  be  done  for  this  disease. 
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Muscular  dystrophy. — I  have  never  seen  any  permanent  benefit  derived 
from  electrical  treatment  in  this  condition. 

Myelitis. — As  long  as  there  is  evidence  that  any  active  change  is  going 
on  in  the  cord,  electrical  treatment  should  be  withheld.  Its  chief  use  is  to 
maintain  the  nutrition  of  the  muscles,  and  it  should  be  applied  in  con- 
junction with  massage.  Osier  advises  its  employment  in  moderation, 
massage  in  his  opinion  being  much  more  valuable  for  keeping  up  the 
condition  of  the  muscles. 

If,  when  the  acute  symptoms  have  subsided,  the  muscles  respond  to 
faradism,  labile  applications  of  it  may  be  adopted.  Stabile  galvanic  applica- 
tions may  be  made  to  the  spine,  large  sponge  electrodes  being  used,  one  of 
which  is  placed  at  the  nape  of  the  neck  and  the  other  over  the  lumbar 
region,  or  one  may  be  placed  over  the  lesion  and  the  other  on  the  correspond- 
ing part  of  the  front  of  the  body.  The  method  usually  adopted  in  the  wards 
of  Guy's  Hospital  is  to  place  a  large  sponge  electrode,  connected  with  the 
anode,  over  the  seat  of  the  lesion,  and  to  brush  the  muscles  of  the  leg 
with  a  medium-sized  sponge  electrode  connected  to  the  negative  pole. 

In  cases  of  myelitis,  with  subsequent  increased  reflex  excitability  in  the 
legs,  it  is  best  not  to  use  electricity  at  all. 

Neuritis. — In  this  disease  it  is  best  to  use  galvanism.  The  anode  is 
a  flat  sponge  electrode  applied  to  the  nape  of  the  neck,  the  kathode  is  con- 
nected with  a  medium-sized  sponge  electrode,  and  the  muscles  influenced 
by  the  neuritis  are  gently  rubbed  for  ten  to  fifteen  minutes,  a  current  of 
from  5  to  15  milliamperes  being  used,  according  to  the  part  affected  and 
the  susceptibility  of  the  patient.  The  treatment  is  repeated  three  times 
weekly.  During  the  last  six  years  256  cases  have  been  treated  in  this  way 
at  Guy's  Hospital,  and  the  results  have  been  excellent.  In  the  acute 
stages  electricity  should  not  be  used. 

Monell  advises  static  electricity  in  all  chronic  cases.  If,  associated 
with  the  neuritis,  there  is  a  good  deal  of  pain,  he  advises  the  local  applica- 
tion of  positive  sparks,  and  if  sparks  are  not  tolerated,  the  positive  spray. 
"  When  a  so-called  neuralgia  is  caused  by  an  inflammatory  exudation 
somewhere  in  the  nerve  sheath — an  exudation  which  must  be  absorbed  to 
obtain  relief — the  static  sparks  are  certainly  the  sovereign  remedy."  He 
also  states  that  in  his  experience  galvanism  and  faradism  are  more  difficult 
to  apply,  and  the  effects  are  decidedly  inferior. 

Sciatica. — Electrical  treatment  may  be  used  for  relieving  pain  or  for 
keeping  up  the  tone  of  the  wasted  muscles.  I  have  usually  employed 
either  galvanism  or  static  electricity. 

When  galvanism  is  used,  a  large  moistened  sponge  electrode  connected 
with  the  negative  pole  of  the  battery  is  placed  over  the  sacrum.  A  medium - 
sized  sponge  electrode  connected  with  the  anode  is  similarly  moistened,  and 
is  then  applied  for  a  few  minutes  to  each  painful  spot ;  the  current  is 
gradually  turned  on  until  about  10  milliamperes  is  registered  on  the 
galvanometer ;  the  electrode  is  then  moved  to  another  painful  area  without 
removing  it  from  the  skin,  and  so  on  until  all  the  painful  spots  have  been 
treated.  If  the  method  fails,  the  poles  may  be  reversed,  and  then,  to  main- 
tain the  nutrition  of  the  muscles,  the  leg  may  be  rubbed  along  the  course 
of  the  sciatic  nerve  with  the  negative  electrode. 

Static  electricity  is  recommended  strongly  by  Monell,  and  I  can  fully 
support  him,  for  several  cases  which  have  been  little  improved  by  gal- 
vanism have  been  much  relieved  by  static  applications.  The  relief  is 
often  marked  after  the  first  sitting.  Seat  the  patient  on  the  insulated 
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stool,  connect  the  shepherd's  crook  with  the  negative  pole,  and  instruct 
him  to  hold  it  with  both  hands ;  then  ground  the  positive  pole  and  the 
brass-point  electrode ;  then  move  the  electrode  over  the  painful  area, 
holding  the  point  about  2  or  3  in.  from  the  part.  At  the  end  of  the 
sitting  hold  the  electrode  nearer,  in  order  to  get  a  few  sparks.  In  chronic 
cases,  sparks  along  the  course  of  the  sciatic  will  prove  more  beneficial  than 
the  simple  spray.  At  first  the  treatment  should  be  repeated  daily,  then 
when  the  pain  is  less  every  other  day  will  suffice.  Monell  also  mentions 
faradisation,  with  an  improved  high  tension  induction  coil  apparatus,  as  a 
satisfactory  method  of  treatment,  but  does  not  consider  it  so  efficacious  as 
static  electricity.  Faradisation  may  also  be  used  for  its  counter-irritant 
effect,  the  brush  electrode  being  used.  Other  forms  of  local  neuritis  may 
be  treated  on  similar  lines. 

Locomotor  ataxy. — Electrical  treatment  is  of  no  avail  if  a  cure  is 
looked  for ;  it  is,  however,  undoubtedly  of  value  in  the  treatment  of  some 
of  the  symptoms,  especially  pain.  Of  late  I  have  treated  several  cases 
with  static  electricity,  and  have  seen  better  results  from  this  form  of 
electrification  than  any  other.  The  stationary  or  moving  positive  breeze  is 
the  most  efficacious  method  of  using  it.  Patients  feel  better  also  after 
general  electrification,  pain  and  inco-ordination  often  being  much  less 
marked  for  some  time  after  the  sitting.  In  some  cases  pain  may  be  re- 
lieved by  galvanism ;  a  stabile  application  of  about  10  milliainperes  should 
be  used,  the  anode  being  connected  to  a  fine  felt  or  sponge-covered 
electrode,  which  is  applied  to  the  painful  spot  or  area,  the  kathode  being 
applied  to  the  spine.  If  the  bladder  is  weak,  faradisation  may  be  beneficial, 
one  pole  being  placed  on  the  perineum  and  the  other  pole  on  the  hypo- 
gastric  region. 

Erb  states  that  the  application  of  the  galvanic  current  to  the  spine 
causes  slight  improvement  in  the  majority  of  cases.  Gowers  and  Starr 
consider  electrical  treatment  practically  useless.  Monell  strongly  advocates 
static  electricity  :  for  pain,  the  positive  spray  with  mild  sparks,  the  brass- 
pointed  electrode  being  used ;  for  headache,  the  positive  breeze ;  for  numb- 
ness and  anaesthesia,  sparks.  Beard  and  Eockwell  recommend  for  anaes- 
thesia, faradisation,  by  means  of  the  metallic  brush  or  a  finely  pointed 
metallic  electrode,  "  when  the  anaesthesia  is  profound  and  permanent 
currents  of  great  strength  are  sometimes  not  only  not  disagreeable  but 
positively  agreeable." 

Neuralgia. — Electrical  treatment  should  certainly  be  tried  in  cases 
of  neuralgia  which  do  not  yield  to  the  ordinary  general  and  medical 
remedies,  and  in  many  instances  the  results  are  not  only  satisfactory 
but  very  striking.  Before  commencing  the  treatment  of  any  cases  by  this 
means,  it  is  first  of  all  of  the  greatest  importance  to  make  careful  investi- 
gation in  order  to  discover  the  cause  of  the  condition.  No  definite  laws 
can  be  laid  down  for  the  treatment  of  neuralgias  generally.  A  method  of 
treatment  which  would  be  beneficial  to  one  form  might  do  positive  harm  to 
another ;  e.g.  a  neuralgia  associated  with  neuritis  must  not  be  treated  with 
strong  faradic  applications,  for  the  pain  may  be  increased  and  the  nerve  be 
seriously  injured.  In  neuritis  there  is  more  pain  and  tenderness  in  the 
nerve,  and  the  pain  and  tenderness  is  general,  rather  than  in  points,  as  it  is 
in  pure  neuralgia.  The  symptoms  of  neuralgia  point  to  an  increased 
condition  of  irritability,  and  for  this  reason  the  application  of  galvanism 
and  the  production  of  anelectrotonus  is  indicated  for  its  sedative  effects. 
The  stimulating  effect  of  the  faradic  current  may  also  be  used  in  certain 
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cases  for  the  production  of  counter-irritant  effects.  It  is  practically  im- 
possible at  first  to  say  which  cases  will  be  relieved  or  which  will  be  cured, 
also  whether  galvanism  or  faradism  will  be  the  more  beneficial.  The  cases 
which  are  most  favourable  for  electrical  treatment  are  those  in  which  no 
exciting  cause  can  be  found.  If  the  neuralgia  is  associated  with  manifesta- 
tions of  hysteria,  treatment  with  faradism  is  indicated.  If,  on  pressing 
firmly  over  the  affected  nerve,  the  pain  is  aggravated,  the  galvanic  currents 
should  be  used.  If  pressure  does  not  increase  the  pain,  the  faradic  current 
may  be  used.  If  a  sedative  effect  is  required,  galvanism  should  be  adopted, 
the  anode  being  the  active  electrode  ;  if  a  counter-irritant  effect  is  desired, 
a  strong  faradic  current  and  the  use  of  a  brush  electrode  are  best  If  a 
general  effect  is  required,  general  faradisation,  central  galvanisation,  or 
statical  applications  are  indicated. 

At  Guy's  Hospital  it  is  usual  to  treat  this  disease  at  first  with  galvanism. 
The  kathode  is  used  as  the  indifferent  electrode,  and  placed  on  the  nape  of 
the  neck  or  over  the  sacrum  ;  the  anode,  as  the  active  electrode,  is  applied  to 
the  seat  of  greatest  pain,  a  medium-sized  sponge  electrode  being  selected. 
The  current  is  very  gradually  increased  in  strength  from  2  to  5  milliam- 
peres,  care  is  taken  to  prevent  any  shock  by  suddenly  reversing  or  shutting 
off  the  current ;  at  the  end  of  'the  application,  which  lasts  from  five  to  ten 
minutes,  the  current  is  gradually  diminished.  If  painful  points  are  present, 
a  smaller  electrode  is  selected  and  placed  over  the  seat  of  pain.  If  the  area 
of  pain  is  large,  a  labile  anodal  application  is  used,  the  same  precautions  for 
gradually  increasing  and  decreasing  the  current  being  adopted.  The  appli- 
cations may  be  repeated  three  or  four  times  a  week ;  in  very  serious  cases 
two  or  three  applications  a  day  often  prove  beneficial.  Some  cases  are 
benefited  by  kathodal  applications,  this  possibly  being  due  to  the  katalytic 
action  of  the  current. 

If  galvanism  fails  to  give  relief,  faradism  may  be  tried.  Weak  faradic 
currents  have  a  slightly  sedative  action.  The  faradic  current  is,  however, 
most  frequently  used  for  its  counter-irritant  effects,  and  it  has  the  great 
advantage  over  the  medicinal  counter-irritants,  that  it  does  not  destroy  the 
skin.  The  best  manner  of  obtaining  this  counter-irritant  effect  is  by  the 
use  of  a  metallic  brush  electrode  as  the  active  electrode.  It  should  be 
applied  over  the  area  it  is  intended  to  influence,  and  a  strong  faradic 
current  used.  A  good  deal  of  pain  is  the  result  for  a  time,  but  this  is  often 
followed  by  considerable  relief,  and  after  a  few  applications  the  relief  may 
be  permanent. 

Bergoni  has  reported  the  successful  treatment  of  cases  of  tic  douloureux 
by  means  of  the  continuous  current.  He  uses  a  current  of  from  35  to  50 
milliamperes,  and  an  active  positive  electrode  200  to  250  sq.  c.c.,  which  he 
moulds  over  the  painful  area  on  the  face.  He  places  the  indifferent  negat- 
ive electrode  over  the  spine.  The  duration  of  the  application  should  be 
about  fifteen  minutes.  After  the  removal  of  the  active  electrode,  the  skin 
is  usually  found  to  be  anaesthetic,  and  a  similar  effect  is  also  produced  on 
the  deeper  tissues,  as  is  seen  by  the  fact  that  muscular  actions  no  longer 
produce  pain. 

Petersen  employs  solutions  of  cocaine,  aconite,  chloroform,  etc.,  and  by 
means  of  the  electric  current  diffuses  these  drugs  through  the  skin.  He 
uses  his  special  electrode  for  the  production  of  local  anaesthesia,  and  a 
current  of  from  5  to  20  milliamperes.  The  active  electrode  is  con- 
nected with  the  positive  pole.  A  10  to  20  per  cent,  solution  of  cocaine 
employed  in  this  way  has  been  found  to  give  relief  from  four  to  eleven 
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hours.  Kockwell  recommends  general  faradisation  or  central  galvanisa- 
tion. 

Mouell  advocates  static  electricity.  The  positive  breeze  acts  as  a  local 
sedative,  the  negative  breeze  and  spray  has  a  stimulating  effect,  and  the 
spark  may  be  used  as  a  counter-irritant.  He  advises  first  of  all  the  positive 
static  spray.  The  point  of  the  electrode  should  be  held  just  beyond 
sparking  distance,  and  must  be  kept  in  gentle  motion  over  'the  affected 
area.  Pain  often  disappears  in  a  few  minutes ;  the  application  should  be 
continued  for  a  few  minutes  after  this.  Then  five  minutes  should  be 
devoted  to  general  treatment.  A  similar  method  should  be  adopted 
daily  for  a  week,  after  which  the  applications  should  be  gradually 
diminished. 

Hysterical  paralysis. — Good  results  may  be  obtained  by  faradism, 
galvanism,  and  static  electricity,  namely — (1)  Labile  faradic  applications 
with  a  fairly  strong  current.  (2)  Faradism,  applied  by  means  of  the  dry 
metallic  brush,  as  a  counter-irritant.  (3)  Labile  kathodal  galvanic  appli- 
cations. (4)  Statical  treatment,  sparks  and  the  positive  breeze.  I  have 
quite  recently  treated  a  case  of  hysterical  hemiplegia  in  a  girl,  set.  19,  with 
the  positive  spray  and  shower  of  fine  sparks  from  a  brass-pointed  electrode 
with  excellent  results,  two  applications  sufficing  to  practically  cure  the 
condition.  Monell  strongly  advocates  static  treatment. 

Hysterical  aphonia  may  be  often  readily  cured  by  faradism — (1)  Ex- 
ternal application  to  the  larynx.  (2)  Interlaryngeal,  by  means  of  the 
special  laryngeal  electrode,  which  is  fitted  with  a  key  for  making  and 
breaking  the  current.  The  indifferent  electrode  is  applied  to  the  back  of 
the  patient's  neck ;  she  must  be  adjusted  as  for  a  laryngoscopic  examina- 
tion, and  must  be  directed  to  put  out  her  tongue  and  to  hold  it  out  with 
her  right  hand;  the  operator  takes  the  laryngoscopic  mirror  in  his  left 
hand  and  places  it  in  the  patient's  mouth,  so  as  to  get  a  good  view  of  the 
larynx ;  he  must  then  insert  the  electrode,  so  that  the  exposed  tip  rests 
between  the  vocal  cords  ;  the  key  is  then  depressed  and  the  current  allowed 
to  run  for  a  few  seconds ;  the  electrode  is  then  removed,  and  the  patient  is 
directed  to  count  out  loud.  In  a  large  number  of  cases  the  voice  returns 
after  one  application.  With  intractable  cases,  after  removing  the  electrode, 
it  is  well  to  apply  it  to  the  larynx  externally,  just  as  the  patient  is  about  to 
speak  each  number. 

I  have  had  one  intractable  case  much  relieved  by  static  electricity.  The 
patient  was  placed  on  the  insulated  stool,  and  connected  with  the  negative 
pole,  the  positive  pole  was  grounded,  and  so  was  the  brass-pointed  electrode. 
At  first  the  electrode  was  held  about  3  in.  from  her  larynx,  it  was  then 
placed  nearer,  and  a  shower  of  sparks  obtained.  She  was  then  directed  to 
count,  and  did  so  much  more  audibly  than  she  had  done  before. 

Hysterical  pain  and  hypercesthesia  may  be  treated  by  labile  or  stabile 
anodal  galvanic  applications  or  the  positive  static  breeze. 

Patients  suffering  from  hysteria  are  much  benefited  by  general  electrical 
treatment,  in  addition  to  the  local  treatment  of  the  various  manifestations  of 
the  disease.  Beard  and  Rockwell  recommend  general  faradisation  or  central 
galvanisation ;  the  great  disadvantage  of  these  methods  is  the  necessity  for 
stripping  the  patient,  a  proceeding  which  is  undesirable  in  a  large  number 
of  the  cases.  By  far  the  best  method  is  general  positive  electrification  by 
means  of  the  static  machine. 

Neurasthenia. — A  satisfactory  method  of  treating  this  condition  is  by 
static  electricity.  Start  with  general  negative  electrification.  Seat  the 
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patient  on  the  insulated  platform,  attach  the  shepherd's  crook  to  the 
negative  pole  and  direct  the  patient  to  hold  it,  ground  the  positive  pole, 
and  then  start  the  machine  into  action,  and  keep  it  going  for  about  ten  to 
fifteen  minutes.  Afterwards,  on  subsequent  days,  charge  the  patient 
positively,  and,  if  necessary,  treat  local  symptoms  with  the  breeze  by  means 
of  the  brass-point  electrode,  and  later  by  holding  the  electrode  nearer  to  the 
patient,  with  small  sparks. 

Lewis  Jones  recommends  general  electrification  by  means  of  the  electric 
bath,  and  states  "that  it  has  more  effect  upon  neurasthenics  than  any 
other  mode  of  treatment."  Beard  and  Eockwell  recommend  general 
faradisation  and  central  galvanisation. 

Insomnia  may  be  relieved  by  electrical  treatment.  It  is  by  no  means 
an  uncommon  occurrence  for  patients  to  express  themselves  as  feeling 
sleepy  after  electrical  treatment,  and  more  particularly  after  any  of  the 
forms  of  general  electrification.  Various  methods  may  be  tried — (1) 
Static  electricity. — Positive  electrification  or  negative  electrification  with 
the  positive  breeze,  or  Monell's  method  of  potential  alternation.  (2)  The 
electric  bath. — The  electric  bath  with  the  induction  coil  current.  (3) 
General  faradisation.  (4)  General  galvanisation.  The  most  satisfactory  of 
the  above  is  without  doubt  static  electricity. 

Tremors. — No  general  rules  can  be  laid  down  for  their  treatment  by 
electricity.  The  most  hopeless  perhaps  of  all  to  treat  is  paralysis  agitans  ; 
in  spite  of  all  forms  of  electrical  treatment,  this  disease  gradually  pro- 
gresses. I  could  not  honestly  say  that  I  have  ever  seen  any  benefit  derived 
from  electrical  treatment,  except  perhaps  a  slight  improvement  in  the 
general  health.  Toxic  tremors  are  little  affected  by  electrical  treatment. 
If  due  to  metallic  poisons,  electric  baths  may  be  tried.  If  due  to  organic 
poisons,  general  static  electrification  may  benefit  by  improving  the  general 
condition  of  the  patient.  Tremors  due  to  organic  diseases  of  the  nervous 
system  are  little  influenced.  Functional  tremors  due  to  hysteria,  neuras- 
thenia, etc.,  and  tremors  following  acute  diseases,  give  the  best  results. 
One  very  marked  case  of  tremor  which  occurred  in  a  strong,  well-built  man 
of  30,  after  an  attack  of  fever,  was  cured  by  galvanism.  The  tremor 
occurred  in  the  hands,  and  resembled,  in  appearance,  regularity,  and  rate, 
the  tremor  of  paralysis  agitans.  I  brought  him  before  the  Neurological 
Society  of  London,  where  he  was  considered  to  be  a  case  of  "  Functional 
tremor,  resembling  paralysis  agitans,  following  typhoid  fever."  The  rate 
of  the  tremor  was  360  per  minute.  Rest  and  daily  anodal  galvanic  appli- 
cations for  four  weeks  cured  him.  For  these  cases  of  tremor  following 
acute  diseases,  the  electric  bath  or  general  static  electrification  are  also 
useful. 

Occupation  neuroses  and  palsies. — Twenty-eight  cases  of  this  nature 
have  been  -treated  in  the  Electrical  Department  at  Guy's  Hospital  during 
the  last  six  years.  They  were  as  follows: — Twelve  writers,  three  book- 
binders, two  telegraphists,  two  seamstresses,  two  barmen,  one  cab-driver, 
one  cigar  maker,  one  compositor,  one  hammerman,  one  wire  weaver,  one 
bricklayer,  and  one  mechanical  dentist. 

Electrical  treatment  will  be  of  no  avail  unless  absolute  rest  from  the 
occupation  is  enforced.  These  cases  are  as  a  rule  most  intractable. 
Treatment  should  be  commenced  as  early  as  possible.  Electricity  may 
be  an  aid  to  recovery,  but  it  must  never  be  looked  upon  as  a  specific. 
Labile  kathodal  or  anodal  galvanic  applications,  from  8  to  15  milliamperes, 
are  usually  given.  Faradic  applications  may  be  given  in  the  milder  cases, 
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but  not  in  cases  with  marked  spasm.  Erb  recommends  general  galvanisa- 
tion. Poore  advises  movements  of  the  hand  during  the  application  of 
galvanism,  the  anode  being  placed  in  the  axilla,  and  the  kathode  on  the 
ulnar  nerve.  Monell  advises  general  static  treatment  in  the  early  stages, 
combined  with  local  treatment  with  a  rapidly  interrupted  small  Leyden  jar 
current,  or  a  rapidly  interrupted  high-tension  induction  coil  current,  or,  if 
the  muscles  are  very  weak,  stimulation  with  faradic,  galvanic,  or  static 
currents. 

Paresis  following  injuries. — A  large  number  of  patients  who  have  been 
treated  in  the  surgical  department  of  the  hospital  for  fractures,  dislocation, 
sprains,  etc.,  whose  limbs  have  been  kept  up  in  splints  for  some  time, 
attend  the  Electrical  Department  for  weakness  and  stiffness  of  the  affected 
parts.  Labile  kathodal  galvanic  applications  with  a  medium-sized  sponge 
electrode,  and  a  strength  of  current  about  10  milliamperes,  or  labile  faradic 
applications,  should  be  used,  and  assist  materially  in  restoring  the  limb  or 
limbs  to  their  normal  conditions. 

Exophthalmic  goitre,  or  Graves'  disease. —  The  marked  and  prominent 
nervous  symptoms  which  show  themselves  have  for  a  very  long  time  indi- 
cated treatment  by  electricity,  and  undoubtedly  in  many  instances  great 
improvement  has  been  seen  to  follow  its  use.     In  this  disease  the  skin 
shows   a   diminished    electrical    resistance.      Wolfenden    states    that    in 
health  the  average  resistance  of  the  skin  to  galvanism  is  4000  to  5000 
ohms.     In  eight  cases  of   exophthalmic  goitre,  in  which  he  investigated 
this  point,  the  skin  only  gave  a  resistance  of  from  500  to  700  ohms,  and 
in  two  of  the  cases  only  200  to  300  ohms.     This  diminished  resistance 
is  probably   due  to  dilatation   of   the   capillaries,   activity  of   the  sweat 
glands,  and  consequent  moistness  of  the  skin  without   actual  sweating. 
With    regard    to    the    cause    of    the    improvement   which    results    from 
electrical  treatment,  authorities  differ,  some  thinking  that  the  benefit  which 
ensues   is   due   entirely   to  the  impression  made  upon  the  mind  of  the 
patient.     Osier  writes :  "  Electricity  has  been  much  lauded,  and  instances 
of   cure   have   been   reported.      In  many  cases  temporary  improvement 
certainly  follows  the  use  of  the  galvanic  current,  the  kathode  being  placed 
at  the  back  of  the  neck  and  the  anode  along  the  course  of  the  sympathetic 
or  over  the  heart."     Cardew  advocates  a  method  which,  he  says,  has  the 
following  important  effects  on  the  general  condition  of  the  patient.     It 
lessens   the  rate  and  force  of  the  ventricular  contractions,  relieves  the 
feeling  of  tension  in  the  eyes,  improves  the  general  health,  lessens  the 
tremors,  restlessness,   and   nervous   irritability,   reduces   the   size  of  the 
thyroid,  and  diminishes  the  exophthalmos.     It  is  the  use  of  an  indifferent 
electrode  about  3  in.  in  diameter,  which  should  be  well  moistened  with 
water,  connected  with   the   positive   pole   of   the   galvanic  battery,  and 
applied  to   the   nape   of   the  neck   over  the   seventh  cervical  vertebra; 
the  active  electrode,  about  1^  in.  in  diameter,  should  be  moved   up  and 
down  over  the  anterior  edge  of  the  sterno-mastoid  muscle,  first  on  one  side, 
then  on  the  other.     The  treatment  should  be  repeated  two  or  three  times 
a  day  for  about  six  minutes,  the  strength  of  current  used  being  from  2  to 
3   milliamperes.      The  duration   of   the  treatment  must  depend  on  the 
severity  of  the  case.     It  should  be  continued  for  two  or  three  weeks  after 
recovery. 

Vigoroux  recommends  the  faradic  current.  He  advises  the  use  of  an 
indifferent  electrode  about  4  in.  in  diameter,  which  should  be  well 
moistened,  applied  to  the  nape  of  the  neck,  and  connected  to  the  positive 
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pole.  The  active  electrode,  shaped  like  an  olive,  and  about  \  in.  in 
diameter,  should  be  connected  with  the  negative  pole,  then  pressed  over  the 
carotid  artery  in  front  of  the  sterno-mastoid  muscle,  on  a  level  with  the 
angle  of  the  inferior  maxilla,  and  kept  there  for  about  one  and  a  half 
minutes.  It  should  then  be  applied  in  a  similar  manner  and  for  a  similar 
period  to  the  corresponding  part  on  the  opposite  side.  The  strength  of 
the  current  used  should  be  sufficient  to  cause  contraction  of  the  sterno- 
mastoid  muscle.  The  orbicularis  palpebrarum  is  next  faradised,  first  on  one 
side,  then  on  the  other.  An  active  electrode,  about  2  in.  in  diameter,  is  next 
substituted  for  the  olive-shaped  electrode,  and  applied  to  the  thyroid 
gland ;  it  is  then  placed  over  the  inner  end  of  the  third  intercostal  space, 
and  the  current  is  reversed.  The  sitting  should  occupy  about  ten  minutes. 
The  treatment  should  be  repeated  every  other  day,  and  if  necessary 
continued  for  a  year.  Charcot  also  recommends  the  application  of  the 
faradic  current. 

Monell  advocates  static  electricity.  He  connects  the  patient  with  the 
negative  pole,  adjusts  the  head-breeze  electrode  about  15  in.  over  the  head, 
connects  the  electrode  and  the  positive  pole  with  the  same  grounding,  and 
starts  the  machine  in  moderate  action  for  about  eight  minutes.  He  then 
swings  the  head-breeze  electrode  on  one  side,  grounds  the  brass-point 
electrode,  and  sways  it  up  and  down  the  spine  to  produce  a  sedative  tonic 
effect,  then  concentrates  a  strong  spray  over  the  region  of  the  great 
nerve  centres  of  the  cervical  spine. 

Lewis  Jones  writes :  "  Good  results  may  sometimes  be  obtained  from 
general  stimulation  by  means  of  the  electric  bath,  with  induction 
currents."  Eulenberg  recommends  static  electricity  or  electric  baths. 
Erb  advocates  galvanism.  The  cervical  cord  is  first  treated  with  stabile 
and  labile  currents,  the  anode  being  between  the  shoulder-blades  and 
the  kathode  on  the  nape  of  the  neck,  followed  by  galvanisation  of  the 
sympathetic  and  the  vagus.  Local  galvanisation  for  a  few  weeks,  followed 
by  general  faradisation,  has  been  tried  with  success  by  Beard  and 
Rockwell. 

In  the  Electrical  Department  of  Guy's  Hospital,  cases  are  treated  by 
passing  the  gajvanic  current  directly  through  the  thyroid.  A  current  of 
about  5  milliamperes  is  used,  the  duration  of  the  application  being  five 
minutes,  repeated  three  or  four  times  a  week.  The  poles  are  reversed  at 
the  end  of  two  or  three  minutes.  The  patients  have  in  most  cases  felt 
an  improvement  in  their  general  condition.  The  rate  of  the  pulse 
has  diminished,  the  palpitation  has  become  less  marked,  and  in  some 
a  decided  diminution  in  the  size  of  the  thyroid  has  been  noticed. 

Raynaud's  disease. — The  object  of  electrical  treatment  in  this  disease 
is  to  overcome  the  contraction  of  the  blood  vessels,  and  so  to  restore  the 
normal  circulation  of  blood  to  the  parts,  a  result  which  can  be  at  least 
temporarily  produced  by  the  application  of  galvanic  currents  to  the  skin. 
llaynaud  first  employed  electrical  treatment  for  this  disease.  He  applied 
a  galvanic  current  to  the  spine,  placing  the  anode  over  the  spinous  process 
of  the  seventh  cervical  vertebra,  and  the  kathode  over  the  lumbar  region. 
He  subsequently,  however,  obtained  better  results  by  applying  the  current 
directly  to  the  affected  limbs. 

Barlow  recommends  the  following  method  : — "  Immerse  the  extremity 
of  the  limb  which  is  the  subject  of  local  asphyxia  in  a  large  basin  contain- 
ing salt  and  tepid  water ;  one  pole  of  a  constant  current  battery  is  placed 
in  contact  with  the  upper  part  of  the  limb  above  the  level  of  the  water, 
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and  the  other  pole  in  the  basin,  thus  converting  the  salt  and  water  into 
an  electrode.  As  many  elements  as  the  patient  can  comfortably  bear  should 
be  employed,  and  the  current  should  be  made  and  broken  at  frequent 
intervals,  so  as  to  get  repeated  and  moderate  contractions  of  the  limbs. 
The  patient  should  also  be  instructed  to  make  voluntary  movements  of 
the  digits  whilst  the  galvanism  is  applied.  It  will  be  found  out  that  in  a 
typical  paroxysmal  case,  if  two  limbs  be  similarly  affected,  the  limb  which 
is  subjected  to  the  above  treatment  will  recover  more  rapidly  than  the 
other,  which  is  simply  kept  warm.  In  many  cases,  during  the  acute  phase 
of  the  attack,  shampooing  is  quite  impossible,  but  if  galvanism  be  first 
employed  as  above,  it  will  then  be  found  practicable  to  shampoo  the  limb, 
the  painful  spasm  having  been  thus  overcome."  I  have  seen  excellent 
results  follow  this  treatment.  It  is  the  method  usually  adopted  at  Guy's 
Hospital,  and  I  am  convinced  that  at  least  a  trial  of  it  should  be  given 
in  all  such  cases.  To  be  of  any  value  it  must  be  persisted  in  for  some 
time,  and  must  be  used  in  conjunction  with  shampooing.  The  indifferent 
electrode  should  be  applied  to  the  nape  of  the  patient's  neck,  and  the  best 
results  follow  when  the  anode  is  used  as  the  active  electrode.  The  treat- 
ment should  be  repeated  daily,  the  duration  of  each  sitting  being  from  ten 
to  fifteen  minutes,  and  the  strength  of  the  current  from  5  to  10  milliam- 
peres.  The  immediate  effect  is  to  reduce  the  sensation  of  irritation,  to 
remove  the  feeling  of  coldness  and  numbness,  and  to  remove  the  livid 
appearance,  which  is  usually  replaced  by  a  condition  of  hypersemia.  The 
complete  bath  may  be  used — either  the  galvanic  or  the  faradic  current 
employed.  The  effect  of  this  form  of  treatment  will  be  to  improve  the 
general  nutrition  and  circulation.  The  limbs  will  become  warmer  and  the 
livid  appearance  will  for  a  time  disappear. 

Diseases  of  the  circulatory  system. — Electricity  may  be  used,  as  a 
general  or  cardiac  stimulant,  in  cases  of  suspended  animation,  sudden 
cardiac  failure  during  the  administration  of  an  anaesthetic,  in  cases  of 
poisoning  by  narcotic  drugs,  etc.  For  direct  cardiac  stimulation,  a  faradic 
current  and  the  metallic-brush  electrode  is  the  most  efficacious;  if  the 
electrode  is  applied  to  other  parts  of  the  body,  it  acts  as  a  reflex  stimulus 
to  the  heart. 

Of  late,  cases  of  chronic  diseases  of  the  heart  have  been  treated  a  good 
deal  by  means  of  regulated  exercises,  on  the  lines  laid  down  by  Schott  and 
Oertel,  and  also  by  carbonic  acid  baths.  Monell  points  out  that  "  the 
rationale  of  successful  treatment  by  these  methods  does  not  differ  in  any 
important  way  from  the  actions  of  appropriate  static  administrations," 
and  advises  static  electrification,  and  quotes  cases  in  which  improvement 
followed. 

Aneurysm. — The  treatment  of  thoracic  aneurysm  by  electrical  methods 
is  rarely  attempted  now.  The  object  of  electrical  treatment  is  the  forma- 
tion of  an  adherent  clot  in  the  aneurysmal  sac.  The  electrolytic  action  of 
the  current  is  used  for  these  purposes.  The  unipolar  or  bipolar  method 
may  be  adopted — (a)  The  unipolar. — One  pole  is  inserted  into  the 
aneurysmal  sac,  and  the  other  connected  with  a  flat  indifferent  electrode, 
which  may  be  applied  to  the  nape  of  the  neck.  If  the  positive  pole  is 
inserted,  the  resulting  clot  is  firm  and  adherent  to  the  electrolytic  needle, 
rendering  its  withdrawal  difficult.  If  the  negative  pole  is  selected  for  the 
active  electrode,  the  clot  is  frothy  and  friable,  (b)  The  bipolar. — Both 
poles  are  connected  with  needles,  which  are  introduced  into  the 
aneurysmal  sac.  If  the  positive  electrode  is  found  to  be  adherent  to  the 
64 
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clot,  the  adhesions  may  be  loosened  by  reversing  the  current  for  a  short 
time  before  attempting  its  withdrawal. 

The  treatment  of  aneurysms  by  electricity  is  a  serious  proceeding,  with 
but  little  to  recommend  it. 

Diseases  of  the  respiratory  system. — Very  little  can  be  done  for 
these  by  electrical  treatment.  The  soreness  and  pain  in  the  muscles, 
from  constant  and  violent  coughing,  may  be  relieved  by  the  positive  static 
spray  from  the  brass-point  electrode. 

Respiratory  movements  may  be  induced  by  stimulation  of  the  phrenic 
nerves  by  means  of  faradism,  which  may  therefore  be  useful  in  cases  of 
asphyxia  and  poisoning  by  anaesthetics.  Two  small  moistened  electrodes, 
one  of  which  is  fitted  with  a  key  for  making  and  breaking  the  current, 
should  be  connected  by  rheophores  with  an  induction  coil  apparatus,  and 
then  applied  to  the  neck  on  either  side  beneath  the  posterior  border  of  the 
sterno-mastoid  muscles,  and  at  the  same  time  pushed  a  little  forward. 
The  key  should  be  open  and  closed  every  two  or  three  seconds,  when  each 
closure  will  be  followed  by  an  inspiration.  Expiration  may  be  induced  by 
stimulations  of  the  abdominal  muscles. 

Diseases  of  the  alimentary  canal. — Stricture  of  the  oesophagus. — This 
has  been  treated  by  means  of  electrolysis.  Very  little  if  any  good,  how- 
ever, can  be  hoped  for  from  electrical  treatment. 

Nervous  dyspepsia  may  be  treated  by  static  electricity  or  by  intragastric 
electrisation. 

Dilatation  of  the  stomach. — A  correct  diagnosis  of  the  cause  of  this 
condition  is  first  of  all  essential.  If  due  to  pyloric  or  duodenal  stricture, 
electrical  treatment  should  on  no  account  be  attempted.  If,  however,  the 
dilatation  is  due  to  atony  of  the  muscular  wall  of  the  stomach,  electrical 
treatment  may  be  attempted,  and  great  improvement  may  follow.  Treat- 
ment by  electricity  alone  must  not,  however,  be  relied  on ;  it  should  be 
combined  with  appropriate  dieting  and  massage.  I  have  recently  had 
under  my  care  two  cases  of  this  nature,  relieved  by  treatment  of  this  kind. 
Massage  and  faradisation  were  administered  on  alternate  days.  The 
active  electrode  was  passed  over  the  surface  of  the  abdomen,  from  left  to 
right,  over  the  area  corresponding  to  the  dilated  organ.  Kathodal  galvanic 
applications  may  be  used  in  a  similar  manner.  Intragastric  electrisation 
is  strongly  advocated  by  Max  Einhorn  for  this  condition,  and  for  nervous 
dyspepsia.  He  claims  better  results  from  this  method  than  from  any 
other.  He  uses  a  flexible  deglutable  electrode.  Rockwell  states  that 
better  results  are  obtained  if  the  high  tension  coil  is  used  for  intragastric 
electrisation.  Baraduc  first  washes  out  the  stomach  with  a  weak,  warm 
salt  solution,  then  introduces  a  flexible  electrode  through  the  syphon  tube 
so  that  its  lower  end  projects  about  1  in.  He  places  the  indifferent 
electrode  over  the  abdomen  or  back,  and  uses  a  weak  faradic  current, 
allowing  the  current  to  flow  for  about  five  minutes. 

Obstinate  constipation  may  be  treated  in  a  variety  of  ways,  namely— 
(1)  Bipolar  faradic  applications;  (2)  bipolar  galvanic  applications; 
(3)  galvano-faradic  applications ;  (4)  strong  static  sparks  drawn  from  all 
over  the  abdomen ;  (5)  unipolar  galvanic.  A  catheter  rectal  electrode  is 
introduced  into  the  rectum,  and  connected  with  the  positive  pole ;  the 
negative  pole  is  connected  with  a  large,  flat,  indifferent  electrode,  placed 
over  the  front  of  the  abdomen.  One  or  2  pints  of  weak,  warm,  saline 
solution  are  then  introduced  into  the  rectum,  and  the  patient  is  directed 
to  retain  it.  The  current  is  next  turned  on  to  about  30  milliamperes 
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for  four  or  five  minutes,  it  is  then  gradually  reduced  to  zero,  and  finally 
may  be  turned  on  again  and  reversed  more  frequently  for  a  few  minutes. 
The  patient,  after  a  few  reversals  of  the  current,  usually  feels  that  he  must 
empty  the  bowel,  and  the  electrode  is  then  removed. 

Genito-urinary  diseases. — Stricture  of  urethra. — The  electrical  treat- 
ment of  this  is  described  on  p.  1013. 

Incontinence  of  urine. — If  not  due  to  organic  disease  of  the  nervous 
system,  it  may  be  treated  by  faradic,  galvanic,  or  galvano-faradic  appli- 
cations, one  pole  being  placed  on  the  perineum  and  the  other  near  the  pubes. 

Impotence  and  spermatorrhoea  may  be  treated  by  general  electrical 
methods ;  local  treatment  is  unadvisable. 

For  the  gynaecological  uses  of  electricity  special  works  must  be  con- 
sulted. 

Diseases  of  the  skin. — Electricity  in  various  forms  has  been  used  for 
the  treatment  of  skin  diseases.  In  many  cases  a  good  deal  of  benefit  and 
even  cure  may  be  looked  for. 

Acne  may  be  treated  by  electric  baths.  Lewis  Jones  writes  :  "  Patients 
who  are  taking  a  course  of  electric  baths  lose  any  acne  of  the  skin  of  the 
back  from  which  they  may  have  been  suffering  at  the  commencement." 
Intractable  cases  may  be  treated  by  electrolysis;  each  pustule  being 
punctured  with  an  electrolysis  needle  attached  to  the  negative  pole. 

Eczema  may  be  treated  by  electric  baths,  the  best  form  of  electricity 
being  a  sinusoidal  current,  derived  from  an  alternating  electric  light 
current.  Beard  and  Rockwell  recommend  central  galvanisation.  Local 
galvanism  and  the  positive  static  breeze  will,  it  is  said,  also  do  good. 

Herpes. — The  pain  of  herpes  may  be  relieved  by  the  positive  static 
breeze. 

Parasitic  skin  affections  may  be  treated  by  means  of  medicamental 
diffusion.  A  solution  of  mercuric  chloride  being  used.  ( Vide  "  Cata- 
phoresis,"  p.  996). 

Sycosis  and  lupus  may  be  treated  by  means  of  interstitial  (metallic) 
electrolysis.  Copper  needles  connected  with  the  positive  pole  should  be 
thrust  into  the  tissues  affected,  and  a  galvanic  current,  gradually  increased 
up  to  5  or  7  milliamperes,  used,  the  sitting  lasting  ten  minutes.  If 
necessary  a  second  application  can  be  made  in  ten  or  twelve  days. 

Lupus  erythematosus. — Besnier  reports  the  successful  treatment  of 
this  condition  by  means  of  currents  of  high  frequency. 

Diseases  of  the  nose. — The  electro-cautery  may  be  used  for  nasal  ob- 
struction produced  by  hypertrophy  of  the  inferior  turbinated  tissues,  for 
polypi,  for  hypertrophic  rhinitis,  etc. 

Galvanism  may  be  used  for  atrophic  rhinitis,  anosmia,  etc.  A  bifurcated 
electrode  connected  to  the  negative  pole  should  be  inserted  into  the  nasal 
cavities,  and  a  fiat  indifferent  electrode  attached  to  the  positive  pole 
applied  to  the  nape  of  the  neck.  A  current  of  about  5  milliamperes, 
gradually  turned  on  and  off,  should  be  used,  the  duration  of  the  application 
being  about  from  five  to  ten  minutes. 

Metallic  electrolysis,  or  electric  medicamental  diffusion  (vide  "  Cata- 
phoresis,"  p.  996),  may  be  used  for  ozeena  and  chronic  rhinitis.  Cocaine  must 
first  of  all  be  applied  to  the  mucous  membrane ;  a  flat  indifferent  electrode 
attached  to  the  negative  pole  of  the  galvanic  battery  should  then  be  applied 
to  the  nape  of  the  neck,  and  a  well-polished  copper  bulb  inserted  into  the 
nasal  cavities,  and  attached  to  the  positive  pole.  A  current,  gradually  turned 
on  from  zero  to  5  or  7  milliamperes,  may  be  used,  and  during  the  applica- 
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tion  the  copper  bulb  should  be  gently  rotated.  One  cavity  should  first 
of  all  be  treated,  and  the  copper  bulb  then  removed  and  inserted  into 
the  other  cavity,  which  should  be  treated  in  a  similar  way. 

Q-eneral  diseases. — Gout. — Edison,  by  means  of  local  electrical  medi- 
cated baths,  states  that  it  is  possible  to  relieve  patients  suffering  from  gout 
by  removing  some  of  the  uric  acid  from  the  system.  He  plunges  one  hand 
of  the  patient  into  a  solution  of  chloride  of  lithium,  the  other  into  a  solution 
of  sodium  chloride,  and  then  connects  each  solution  with  one  of  the  poles  of 
the  battery.  He  records  the  effect  of  an  experiment  on  a  healthy  man  ;  he 
used  a  current  of  4  milliainperes  strength  two  hours  daily  for  a  week,  and 
found  that  during  this  time  35  cgrms.  of  chloride  of  lithium  had  been 
absorbed,  an  amount  sufficient  to  carry  off  2-43  grms.  of  uric  acid.  A 
man  of  73  years  of  age  who  had  suffered  from  gout  for  ten  years,  and  whose 
joints  were  much  swollen  and  very  painful,  was  treated  in  this  manner. 
The  treatment  lasted  for  four  hours  a  day  over  a  period  of  one  week. 
Edison  stated  that  he  was  cured.  I  have  treated  one  case  on  these  lines, 
but  did  not  give  the  patient  such  long  or  frequent  sittings.  At  the  end 
of  a  fortnight  he  expressed  himself  as  feeling  much  better,  the  pain  being 
less  and  the  swelling  having  diminished. 

Eheumatic  myalgia,  lumbago. — Electrical  treatment  often  relieves  this 
condition,  when  other  forms  of  local  treatment,  combined  with  the  in- 
ternal administration  of  remedies,  have  failed.  The  most  effectual  form 
of  electrical  treatment  is  undoubtedly  static  electricity,  and  I  have  seen 
very  remarkable  results  follow.  The  application  of  a  positive  static  breeze 
for  about  ten  minutes  to  the  affected  area  is  frequently  followed  by  im- 
mediate relief,  and  cure  may  follow  a  few  similar  administrations.  Should 
the  positive  breeze  fail,  the  brass-pointed  electrode  should  be  held  nearer 
to  the  affected  part,  so  that  a  shower  of  fine  sparks  is  obtained.  If  static 
electricity  is  not  available,  the  next  best  method  is  a  labile  anodal  galvanic 
application,  continued  from  five  to  fifteen  minutes,  a  current  of  from  10 
to  15  milliamperes  being  used.  The  faradic  brush  may  be  used  as  a 
counter-irritant.  The  high  frequency  current  will  also  give  relief. 

Surgical  diseases. — Electricity  may  be  used  in  surgery — (1)  For  de- 
stroying tissues,  a  process  which  is  brought  about  by  the  action  of  the 
chemical  bodies  which  are  set  free  at  the  two  poles  during  the  passage  of 
the  current  (electrolysis).  (2)  For  heating  a  cautery.  (3)  For  lighting 
small  lamps  for  examining  the  throat,  bladder,  etc.  (4)  For  producing 
local  anaesthesia.  (5)  For  removing  foreign  bodies  from  the  eye  (the 
electro-magnet).  (6)  For  introducing  drugs  into  tissues  (medicamental 
diffusion).  (7)  For  the  effects  of  the  Kontgen  rays. 

1.  The  requisites  for  electrolysis  are — an  ordinary  galvanic  battery 
fitted  with  a  collector ;  reverser ;  milliampere  meter,  reading  up  to  200 
milliamperes ;  rheophores ;  rheostat ;  needles  of  platinum,  steel,  copper,  gold, 
etc. ;  special  electrodes  for  the  urethra,  oesophagus,  rectum,  Eustachian  tube, 
lachrymal  duct,  etc.  Electrolysis  is  used  for  removing  superfluous  hairs, 
ingrowing  eyelashes,  small  tumours,  moles,  warts,  naevi,  port  wine  marks, 
or  coagulating  blood  in  aneurysms ;  for  destroying  strictures  of  the  urethra, 
oesophagus,  rectum,  Eustachian  tube,  and  lachrymal  duct.  Electrolysis 
may  be  performed  in  three  ways — 

(a)  Bipolar. — Needles  are  introduced  into  the  parts  to  be  affected 
(usually  two  or  four),  care  being  taken  that  they  do  not  come  into  actual 
contact  with  each  other,  half  the  number  being  connected  to  the  negative 
pole,  and  half  to  the  positive  pole.  This  is  the  most  effectual  method,  but 
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it  has  the  disadvantage  of  leaving  scars.  (&)  Unipolar. — One  pole  is  intro- 
duced into  the  part  to  be  influenced,  and  the  other  is  attached  to  a  large 
indifferent  electrode,  (c)  Both  poles  are  applied  close  together,  but  neither 
penetrates  the  tissues,  e.g.  Apostoli's  method  for  uterine  diseases. 

Electrolysis  may  be  used  for — 

Removal  of  hairs. — The  requisites  are  a  galvanic  current  of  about  5 
milliamperes,  a  fine  electrolysis  needle,  fitted  into  an  epilation  needle- 
handle  fitted  with  a  make-and-break  key,  and  a  pair  of  epilation  forceps. 
Seat  the  patient  in  a  good  light,  connect  the  indifferent  electrode  to  the 
positive  pole,  and  apply  it  to  the  back  of  the  patient's  neck ;  connect  the 
epilation  needle  handle  to  the  negative  pole,  grasp  the  hair  with  the 
epilation  forceps,  press  the  point  of  the  needle  for  about  T\j-  to  £  in.  into 
the  hair  follicle,  make  the  current  for  about  five  seconds,  and  then  pull 
very  lightly  on  the  hair,  which  will  probably  come  out.  A  slight  pain 
may  be  felt.  From  fifteen  to  fifty  hairs  may  be  removed  at  a  sitting,  and  a 
certain  number  of  hairs  will  grow  again,  as  all  the  roots  may  not  have 
been  destroyed.  Ingrowing  eyelashes  may  also  be  removed  by  this  method. 

Ncevi  may  be  treated  by  either  the  bipolar  or  unipolar  method.  Great 
care  must  be  taken  to  regulate  the  strength  of  the  current,  in  order  to 
avoid  extensive  destruction,  with  consequent  sloughing  and  scarring. 
The  bipolar  method  is  most  efficacious.  The  requisites  are — 

A  galvanic  battery1  capable  of  yielding  a  current  up  to  100  milliam- 
peres, needles  made  of  platinum,  gold,  or  steel,  and  insulated,  except  close 
to  the  point,  in  order  to  avoid  destruction  of  the  skin.  Lewis  Jones  has 
introduced  a  special  electrode  for  holding  several  needles,  which  are  so 
arranged  as  to  be  alternately  positive  and  negative,  and  which  insures  that 
they  do  not  come  into  contact  with  each  other  when  introduced.  An 
anaesthetic  should  be  given.  The  needles  should  be  introduced  parallel  to 
each  other,  and  may  be  inserted  in  a  direction  at  right  angles  to  or  parallel 
to  the  surface.  The  current  should  be  raised  gradually  from  zero  to  40  or 
50  milliamperes ;  soon  after  the  current  is  running,  hardening  and  anaemia 
will  be  noted  round  the  needles  connected  to  the  positive  pole ;  and  around 
the  needles  connected  to  the  negative,  hydrogen  gas  is  evolved,  and  frothing 
is  produced.  The  positive  needles  become  firmly  adherent  to  the  tissues, 
whereas  the  negative  needles  tend  to  become  very  loose  and  slip  out.  A 
livid  appearance  in  the  neighbourhood  of  the  negative  needles  indicates 
the  probability  of  subsequent  sloughing.  In  order  to  loosen  the  positive 
needles,  it  is  best  to  reverse  the  current  for  a  short  time ;  they  can  then  be 
withdrawn  with  ease.  The  needles  must  not  be  withdrawn  until  the 
current  is  gradually  and  entirely  switched  off. 

Goitres  may  be  treated  by  the  bipolar  or  unipolar  methods. 

Strictures  of  the  urethra,  rectum,  oesophagus,  Eustachian  tubes,  and 
lachrymal  ducts  may  be  treated  by  electrolysis.  The  unipolar  method 
is  used  by  the  advocates  of  this  form  of  treatment.  Special  electrodes 
adapted  for  passing  along  these  tubes  are  required,  and  should  be  con- 
nected with  the  negative  pole  of  the  battery.  For  the  urethra  a  current  of 
from  3  to  5  milliamperes  is  required,  for  the  rectum  and  oesophagus  from 
5  to  10  milliamperes,  for  strictures  of  the  Eustachian  duct  about  4 
milliamperes,  and  for  stricture  of  the  lachrymal  duct  from  2  to  4 
milliamperes. 

2.  The  electric  cautery  is  another  means  of  destroying  tissues,  and 
is   also   used   for   arresting  haemorrhage.     The  ordinary  galvanic  battery 
1  The  current  from  the  main  may  be  used,  and  is  much  more  satisfactory. 
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cannot  be  used  for  this  purpose.  A  special  battery  of  bichromate  of 
potash,  or  accumulator  cells  arranged  in  parallel,  is  required.  A  battery 
of  accumulator  cells  is  most  reliable.  The  reason  of  arranging  the  cells 
in  parallel  has  already  been  stated,  namely,  in  order  to  get  a  large 
current  through  a  small  resistance.  The  most  convenient  battery  is 
that  recommended  by  Lewis  Jones.  It  can  be  used  for  both  cautery  and 
surgical  lamps.  It  consists  of  a  four-celled  accumulator,  provided  with  a 
switch  for  rearranging  the  cells  in  two  pairs  in  parallel,  which  enables  it 
to  be  used  as  a  two-celled  accumulator  of  double  cells  for  cautery  work,  or 
as  a  four-celled  one  for  lamps.  The  battery  weighs  15  lb.,  and  is  pro- 
vided with  two  rheostats,  one  for  the  lamp  and  the  other  for  the  cautery. 

3.  Small   electric   lights  are  used  for  examining   various  cavities  of 
the  body — the  larynx,  urethra,  vagina,  bladder,  rectum,  resophagus,  and 
stomach.     The  above-mentioned  battery  may  be  used  for  illuminating  such 
lamps. 

4.  The  production  of  local  anaesthesia  has  already  been  described. 

5.  The  electro-magnet  was  introduced  by  Hardy.     It  is  used  for  re- 
moving particles  of  iron  from  the  eye.     It  is  provided  with  pole  pieces 
of  different  sizes  and  shapes,  which  can  be  adjusted  as  required  to  one  end ; 
at  the  end  are  two  terminals  for  connecting  it  with  the  poles  of  the  battery, 
and  it  is  also  fitted  with  a  key  for  closing  and  opening  the  circuit.     No 
special  battery  is  required,  as  a  few  cells  of  an  ordinary  galvanic  battery 
is  sufficient  to  render  it  active. 

6.  Medicamental  Diffusion  or  Cataphoresis,  see  p.  996. 

7.  Kontgen  Eays,  see  p.  997. 
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AND  TREATMENT.  8vo,  cloth,  pp.  xvi.,  269.  With  96  illus- 
trations. Price  12s.  6d.  nett. 
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Landis,  Henry  Q.,  A.M.,  M.D., 

Late  Professor  of  Obstetrics  and  Diseases  of  Women  in  Starling  Medical  College. 

COMPEND  OF  OBSTETRICS.  Fourth  Edition,  thoroughly  re- 
vised, enlarged,  and  improved.  Crown  8vo,  cloth,  pp.  118,  with 
17  illustrations.  Price  4s.  6d. 

Leuckart,  Rudolf, 

Late  Professor  of  Zoology  and  Comparative  Anatomy  in  the  University  of  Leipsic. 

THE  PARASITES  OF  MAN  AND  THE  DISEASES  WHICH 
PROCEED  FROM  THEM.  A  Text-Book  for  Students  and 
Practitioners.  Translated  from  the  German  with  the  co-operation 
of  the  Author  by  WILLIAM  E.  HOYLE,  M.A.  (Oxon.),  M.R.C.S., 
F.R.S.E.,  Curator  of  the  Museums,  Owens  College,  Manchester. 
Natural  History  of  Parasites  in  General. — Systematic  Account 
of  the  Parasites  Infesting  Man. — PROTOZOA. — CESTODA.  Large 
8vo,  cloth,  pp.  xxviii.,  772.  Illustrated  with  404  engravings.  Price 
31s.  6d. 


Lockwood,  Charles  Barrett,  F.R.C.S., 

Hunterian  Professor,  Royal  College  of  Surgeons  of  England  ;  Assistant  Surgeon  to  St. 
Bartholomew's  Hospital ;  Surgeon  to  the  Great  Northern  Central  Hospital,  London. 

TRAUMATIC  INFECTION.  Hunterian  Lectures  delivered  at  the 
Royal  College  of  Surgeons  of  England.  Crown  8vo,  cloth,  pp.  xii., 
138.  Illustrated  with  27  wood  engravings  in  the  text.  Price  3s. 

ASEPTIC  SURGERY.  Second  Edition.  Crown  8vo,  cloth,  pp. 
xvi.,  264.  Price  4s. 

THE  RADICAL  CURE  OF  HERNIA,  HYDROCELE,  AND 
VARICOCELE.  Crown  8vo,  cloth,  pp.  xii.,  279,  with  23  illustra- 
tions. Price  4s.  6d. 


McBride,  P.,  M.D.,  F.R.C.P.Ed., 

Surgeon  to  the  Ear  and  Throat  Department  of  the  Royal  Infirmary  ;  Lecturer  on 
the  Diseases  of  the  Throat  and  Ear  in  the  University,  and  in  the  School  of 
Medicine  of  the  Royal  Colleges,  Edinburgh. 

DISEASES  OF  THE  THROAT,  NOSE,  AND  EAR.  A  Clinical 
Manual  for  Students  and  Practitioners.  Third  Edition,  revised 
and  partly  rewritten.  8vo,  cloth,  pp.  xvi.,  744,  with  46  coloured 
illustrations  from  original  drawings.  Price  25s.  (Pentland's 
Medical  Series,  Volume  Third.) 
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Maclaren,  P.  H.,  M.D.,  F.R.C.S.Ed., 

Surgeon,  Edinburgh  Royal  Infirmary ;  formerly  Surgeon  in  charge  of  the  Lock 
Wards,  Edinburgh  Royal  Infirmary  ;  Examiner  in  the  Royal  College  of  Surgeons, 
Edinburgh. 

ATLAS  OF  VENEREAL  DISEASES.  A  Series  of  Illustrations 
from  Original  Paintings,  with  Descriptions  of  the  Varied  Lesions, 
their  Differential  Diagnosis  and  Treatment.  In  10  fasciculi,  price 
6s.  each  ;  or  complete  in  one  handsome  royal  quarto  volume,  extra 
cloth,  price  63s.  nett. 


Maguire,  Robert,  M.D.,  F.R.C.P., 

Physician  to,  and  Joint  Lecturer  on  Pathology,  St.  Mary's  Hospital ;  Assistant 
Physician,  Consumption  Hospital,  Brompton,  London. 

THE  INVOLUTION  OF  LIFE :  A  Scheme  of  Pathology.  8vo, 
cloth,  pp.  23.  Price  Is.  6d.  nett. 

Martin,  Sidney,  M.D.,  F.R.S.,  F.R.C.P., 

Physician,  University  College  Hospital ;  Professor  of  Pathology,  University  College 
London. 

FUNCTIONAL  AND  ORGANIC  DISEASES  OF  THE 
STOMACH.  8vo,  cloth,  pp.  xx.,  506.  Illustrated  with  57 
engravings  throughout  the  text.  Price  16s.  (Pentland1  s  Medical 
Series,  Volume  fifth.} 

Mills,  Charles  K.,  M.D., 

Professor  of  Mental  Diseases  and  of  Medical  Jurisprudence  in  the  University  of 
Pennsylvania ;  Clinical  Professor  of  Neurology  in  the  Women's  Medical  College, 
Pennsylvania. 

THE  NERVOUS  SYSTEM  AND  ITS  DISEASES.  A  Practical 
Treatise  on  Neurology  for  the  Use  of  Physicians  and  Students. 
Large  8vo,  cloth,  pp.  xxx.,  1056,  with  459  illustrations.  Price  25s. 

THE  NURSING  AND  CARE  OF  THE  NERVOUS  AND 
THE  INSANE.  Crown  8vo,  cloth,  pp.  147.  Price  4s.  6d. 

Morison,       Alexander,       M.D.,       F.R.C.P.Ed., 
M.R.C.P.Lond., 

Physician  in  charge  of  Out-Patients  to  the  Great  Northern  Central  Hospital  and 
the  Children's  Hospital,  Paddington  Green ;  Physician  to  the  St.  Marylebone 
General  Dispensary,  London. 

ON  THE  RELATION  OF  THE  NERVOUS  SYSTEM  TO 
DISEASE  AND  DISORDER  IN  THE  VISCERA.  Being 
the  Morison  Lectures  delivered  before  the  Royal  College  of 
Physicians  in  Edinburgh  in  1897  and  1898.  8vo,  cloth,  gilt  top, 
pp.  xvi.,  132,  with  39  illustrations.  Price  7s.  6d 
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Morrow,  Prince  A.,  M.D., 

Clinical  Professor  of  Genito-Urinary  Diseases ;  formerly  Lecturer  on  Dermatology  in 
the  University  of  the  City  of  New  York  ;  Surgeon  to  Charity  Hospital,  New  York. 

SYSTEM  OF  GENITO-URINARY  DISEASES,  SYPHILOLOGY, 
AND  DERMATOLOGY.  By  VARIOUS  AUTHORS.  Edited  by 
PRINCE  A.  MORROW,  M.D.  In  6  divisional  volumes  of  about  550 
pages  each.  Royal  8vo,  cloth  extra,  gilt  tops,  illustrated  with 
coloured  plates  and  engravings  throughout  the  text.  Price  per 
volume,  14s.  nett.  Sold  only  by  subscription. 


Muir,  Robert,  M.A.,  M.D.,  F.R.C.P.Ed., 

Professor  of  Pathology,  University  of  Glasgow, 
and 

Ritchie,  James,  M.A.,  M.D.,  B.Sc., 

Lecturer  on  Pathology,  University  of  Oxford. 

MANUAL  OF  BACTERIOLOGY.  Second  Edition,  revised  and 
enlarged.  Crown  8vo,  cloth,  pp.  xx.,  564,  with  126  illustrations. 
Price  12s.  6d.  (Pentlantfs  Students'  Manuals.} 

Murray,  R.  Milne,  M.B.,  F.R.C.P.Ed., 

Assistant  Physician,  Royal  Maternity  and  Simpson  Memorial  Hospital ;  Lecturer  on 
Midwifery  and  Diseases  of  Women,  School  of  Medicine,  Edinburgh. 

MANUAL  OF  MIDWIFERY.  Crown  8vo,  with  numerous  illus- 
trations, pp.  500  or  thereby.  Preparing. 

Muskett,  Philip  E.,  L.R.C.P.  &S.Ed., 

Late  Surgeon  to  the  Sydney  Hospital ;  formerly  Senior  Resident  Medical  Officer, 
Sydney  Hospital. 

PRESCRIBING  AND  TREATMENT  IN  THE  DISEASES  OF 
INFANTS  AND  CHILDREN.  Third  Edition,  revised,  enlarged, 
and  re- arranged.  i8mo,  pp.  xx.,  334,  in  flexible  leather  binding 
for  the  pocket.  Price  6s.  6d. 


Musser,  John  H.,  M.D., 

Assistant  Professor  of  Clinical  Medicine  in  the  University  of  Pennsylvania  ;  Physician 
to  the  Philadelphia  and  the  Presbyterian  Hospitals,  etc. 

PRACTICAL  TREATISE  ON  MEDICAL  DIAGNOSIS.  For 
Students  and  Physicians.  Royal  8vo,  cloth,  pp.  viii.,  866.  Illus- 
trated with  162  engravings  and  2  coloured  plates.  Price  24s. 
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Newman,  David,  M.D., 

Surgeon,  Glasgow  Royal  Infirmary. 

MALIGNANT  DISEASE  OF  THE  THROAT  AND  NOSE. 
8vo,  cloth,  pp.  xii.,  213,  with  3  illustrations.  Price  8s.  6d. 

Morris,  W.  R,  A.M.,  M.D., 

Professor  of  Ophthalmology,  University  of  Pennsylvania  ; 
and 

Oliver,  C.  A.,  A.M.,  M.D., 

Surgeon  to  the  Wills  Eye  Hospital,  Philadelphia. 

TEXT-BOOK  OF  OPHTHALMOLOGY.  Royal  8vo,  cloth, 
pp.  viii.,  622.  Illustrated  with  5  coloured  plates  and  357  woodcuts. 
Price  25s. 

Oliver,  Thomas,  M.D.,  F.R.C.P., 

Physician,  Royal  Infirmary,  Newcastle-on-Tyne  ;  Professor  of  Physiology,  University 
of  Durham. 

LEAD  POISONING,  IN  ITS  ACUTE  AND  CHRONIC 
FORMS.  8vo,  cloth,  pp.  xii.,  122,  with  32  illustrations,  mostly  in 
colours.  Price  10s.  6d. 

Osier,  William,  M.D.,  LL.D.,  F.R.S.,  F.R.C.P., 

Professor  of  Medicine  in  the  Johns  Hopkins  University,  and  Physician-in-Chief  to  the 
Johns  Hopkins  Hospital,  Baltimore. 

THE  PRINCIPLES  AND  PRACTICE  OF  MEDICINE. 
Third  Edition,  thoroughly  revised  and  largely  rewritten.  8vo,  cloth, 
pp.  xvi.,  1182,  with  charts  and  illustrations.  Price  24s. 

LECTURES  ON  ANGINA  PECTORIS  AND  ALLIED 
STATES.  8vo,  cloth,  pp.  viii.,  160.  Price  6s.  nett. 

Park,  Roswell,  A.M.,  M.D., 

Professor  of  the  Principles  and  Practice  of  Surgery  and  of  Clinical  Surgery  in  the 
Medical  Department  of  the  University  of  Buffalo  ;  Surgeon  to  the  Buffalo  General 
Hospital,  etc. 

A  TREATISE  ON  SURGERY,  by  American  Authors,  for  Students 
and  Practitioners  of  Surgery  and  Medicine.  Edited  by  ROSWELL 
PARK,  A.M.,  M.D.  2  volumes,  large  8vo,  cloth,  pp.  1603. 
Illustrated  with  807  engravings  and  38  full-page  plates  in  colours 
and  monochrome.  Price  34s.  nett. 
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Parvin,  Theophilus,  M.D.,  LL.D., 

Professor  of  Obstetrics  and  Diseases  of  Women  and  Children  in  Jefferson  Medical 
College,  Philadelphia,  and  one  of  the  Obstetricians  to  the  Philadelphia  Hospital. 

THE  SCIENCE  AND  ART  OF  OBSTETRICS.  Third 
Edition,  thoroughly  revised.  Large  8vo,  cloth,  pp.  685,  with  269 
wood  engravings  and  2  coloured  plates.  Price  18s. 


Pekelharing,  C.  A., 

Professor  in  the  Faculty  of  Medicine,  University  of  Utrecht ; 
and 

Winkler,  C., 

Lecturer  in  the  University  of  Utrecht. 

BERI-BERI :  Researches  concerning  its  Nature  and  Cause  and  the 
Means  of  its  Arrest.  Translated  by  JAMES  CANTLIE,  M.A.,  M.B., 
F.R.C.S.  8vo,  cloth,  pp.  xvi.,  160,  with  coloured  illustrations 
from  original  drawings.  Price  10s.  6d.  nett. 

Potter,  Samuel  O.  L.,  M.D.,  M.R.C.P.  (Lond.), 

Cooper  Medical  College,  San  Francisco. 

COMPEND  OF  HUMAN  ANATOMY,  Including  the  Anatomy 
of  the  Viscera.  Sixth  Edition,  revised  and  enlarged.  Crown  8vo, 
cloth,  pp.  289,  with  117  engravings  and  16  full-page  plates. 
Price  5s. 

Schafer,  E.  A.,  LL.D.,  F.R.S., 

Professor  of  Physiology,  University  of  Edinburgh. 

TEXT -BOOK  OF  PHYSIOLOGY.  By  British  Physiologists. 
Edited  by  E.  A.  SCHAFER,  F.R.S.,  Professor  of  Physiology,  Uni- 
versity of  Edinburgh.  2  vols.,  royal  8vo.  Vol.  I.,  pp.  xx.,  1036, 
with  3  plates  and  93  illustrations  in  the  text.  Price  31s.  6d. 
Vol.  II.,  pp.  xxiv.,  1365,  with  449  illustrations  in  the  text.  Price 
42s. 

***  The  list  of  contributors  is  as  follows : — Professor  Sir 
BURDON  SANDERSON  (Oxford),  Professor  GAMGEE,  Dr.  GASKELL 
(Cambridge),  Professor  GOTCH  (Oxford),  Professor  SHERRINGTON 
(Liverpool),  Professor  M'KENDRICK  (Glasgow),  Professor  HALLI- 
BURTON (King's  College),  Professor  HAYCRAFT  (Cardiff),  Dr. 
PEMBREY  (Guy's),  Professor  STARLING  (University  College),  J.  N. 
LANGLEY  (Cambridge),  Professor  WAYMOUTH  REID  (Dundee), 
B.  MOORE  (Charing  Cross),  F.  G.  HOPKINS  (Cambridge),  LEONARD 
HILL  (London  Hospital),  W.  H.  R.  RIVERS  (Cambridge),  J.  S. 
EDKINS  (St.  Bartholomew's),  A.  A.  GRAY  (Glasgow),  D.  NOEL 
PATON  (Edinburgh),  and  the  Editor. 
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Schech,  Philip,  M.D., 

Lecturer  in  the  University  of  Munich. 

DISEASES  OF  THE  MOUTH,  THROAT,  AND  NOSE. 
Including  Rhinoscopy  and  Methods  of  Local  Treatment. 
Translated  by  R.  H.  BLAIKIE,  M.D.,  F.R.S.E.,  formerly  Surgeon, 
Edinburgh  Ear  and  Throat  Dispensary ;  late  Clinical  Assistant,  Ear 
and  Throat  Department,  Royal  Infirmary,  Edinburgh.  8vo,  cloth, 
pp.  xii.,  302,  with  5  wood  engravings.  Price  9s. 

Schmiedeberg,  Dr.  Oswald, 

Professor  of  Pharmacology,  and  Director  of  the  Pharmacological  Institute,  University 
of  Strassburg. 

ELEMENTS  OF  PHARMACOLOGY.  Translated  under  the 
Author's  supervision,  by  THOMAS  DIXSON,  M.B.,  Lecturer  on 
Materia  Medica  in  the  University  of  Sydney,  N.S.W.  8vo,  cloth, 
pp.  xii.,  223,  with  7  illustrations.  Price  9s. 

Sheild,      A.      Marmaduke,      M.B.      (Cantab.), 
F.R.C.S., 

Surgeon   and    Surgeon    in    Charge,    Throat    Department,    St.    George's   Hospital, 
London. 

SURGICAL  ANATOMY.  For  Students.  Crown  8vo,  cloth,  pp. 
xii.,  226.  Price  6s.  (Pentland's  Students'  Manuals.} 

5kene,  Alexander  J.  C.,  M.D., 

Professor  of  Gynecology  in  the  Long  Island  College  Hospital,  Brooklyn   New  York. 

MEDICAL  GYNECOLOGY:  A  Treatise  on  the  Diseases  of 
Women  from  the  Standpoint  of  the  Physician.  8vo,  cloth,  pp. 
vi-j  53°>  with  illustrations  in  the  text.  Price  21s. 

Smith,  W.  Ramsay,  M.B.,  B.Sc., 

Formerly   Demonstrator   of  Anatomy,    School  of   Medicine,   Minto   House ;    Late 
Senior  Assistant  to  the  Professor  of  Natural  History,  University  of  Edinburgh. 

EXAMINATION  QUESTIONS.  Set  for  the  Professional  Exam- 
inations in  Edinburgh  University  during  a  period  of  ten  years, 
selected  from  the  Calendars. 

NATURAL  HISTORY,  arranged  and  annotated.     Price  Is.  nett. 
BOTANY,  arranged  and  annotated.     Price  Is.  6d.  nett. 
CHEMISTRY,  answered  and  annotated.     Price  2s.  nett. 
ANATOMY,  answered  and  annotated.     Price  2s.  nett. 

MATERIA  MEDICA  AND  THERAPEUTICS,  answered  and 
annotated.  Price  2s.  nett. 

PHySIOLOGY,  answered  and  annotated.     Price  2s.  nett. 
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PATHOLOGY.     In  Press. 

MIDWIFERY  AND  GYNAECOLOGY,  answered  and  annotated. 

Price  la.  6d.  nett. 
PRACTICE  OF  PHYSIC,  answered  and  annotated.     Price  Is.  6d. 

nett. 
SURGERY,  answered  and  annotated.     Price  Is.  6d.  nett. 

MEDICAL    JURISPRUDENCE    AND     PUBLIC     HEALTH 
answered  and  annotated.     Price  2s.  nett. 

Smith,  W.  Ramsay,  M.B.,  B.Sc., 

Formerly  Demonstrator  of  Zoology,  University  of  Edinburgh  ; 
and 

Norwell,  J.  Stewart,  B.Sc. 

ILLUSTRATIONS  OF  ZOOLOGY,  INVERTEBRATES  AND 
VERTEBRATES.  New  and  cheaper  Edition.  Crown  4to,  extra 
cloth,  gilt  top,  with  70  plates  exhibiting  over  400  figures.  Price 
7s.  6d. 

Snell,  Simeon,  F.R.C.S.Ed., 

Ophthalmic    Surgeon,   Sheffield    Royal  Infirmary ;    Professor    of   Ophthalmology, 
University  College,  Sheffield. 

A  PRACTICAL  GUIDE  TO  THE  EXAMINATION  OF  THE 
EYE.  For  Students  and  Junior  Practitioners.  Crown  8vo,  cloth, 
pp.  xvi.,  177,  with  88  illustrations  in  the  text.  Price  5s. 

Starr,  Louis,  M.D., 

Late  Clinical  Professor  of  Diseases  of  Children  in  the  Hospital  of  the  University  of 
Pennsylvania  ;  Physician  to  the  Children's  Hospital,  Philadelphia. 

DISEASES  OF  THE  DIGESTIVE  ORGANS  IN  INFANCY 
AND  CHILDHOOD.  With  Chapters  on  the  Investigation  of 
Disease  and  on  the  General  Management  of  Children.  Second 
Edition.  Post  8vo,  cloth,  pp.  396,  with  illustrations.  Price  10s. 

Stephenson,  Sydney,  M.B.,  F.R.C.S.Ed., 

Surgeon  to  the  Ophthalmic  School,  Hanwell,  London. 

EPIDEMIC  OPHTHALMIA  :  Its  Symptoms,  Diagnosis,  and 
Management.  8vo,  cloth,  pp.  xvi.,  278.  Illustrated  with  a  coloured 
plate  and  25  figures  in  the  text.  Price  9s.  nett. 

Stewart,  Sir  Thomas  Grainger,  M.D.,  LL.D., 

Late  Physician  in  Ordinaiy  to  Her  Majesty  the  Queen,  for  Scotland ;  Professor  of 
the  Practice  of  Physic  and  of  Clinical  Medicine  in  the  University  of  Edinburgh. 

LECTURES  ON  GIDDINESS  AND  ON  HYSTERIA  IN  THE 
MALE.  Second  Edition.  Crown  8vo,  cloth,  pp.  x.,  89,  with  13 
illustrations.  Price  2s.  6d.  nett. 
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System  of  Gynecology  and  Obstetrics. 

By  American  Authors.  Edited  by  MATTHEW  D.  MANN,  A.M., 
M.D.,  Professor  of  Obstetrics  and  Gynecology  in  the  Medical 
Department  of  the  University  of  Buffalo,  N.Y. ;  and  BARTON 
COOKE  HIRST,  M.D.,  Associate  Professor  of  Obstetrics  in  the 
University  of  Pennsylvania ;  Obstetrician  to  the  Philadelphia  and 
Maternity  Hospitals;  Gynecologist  to  the  Orthopaedic  Hospital. 
In  8  very  handsome  volumes,  royal  8vo,  cloth,  of  about  400  pages 
each.  Fully  illustrated  with  engravings  and  coloured  plates.  Price 
12s.  6d.  each  nett.  For  sale  by  subscription  only. 

Talamon,  Ch., 

Physician  to  the  Tenon  Hospital,  Paris. 

APPENDICITIS  AND  PERITYPHLITIS.  Translated  from  the 
French  by  RICHARD  J.  A.  BERRY,  M.B.,  C.M.,  Late  President  of 
the  Royal  Medical  Society,  Edinburgh.  Crown  8vo,  cloth,  pp. 
viii.,  240.  Price  6s. 

Taylor,  Robert  W.,  M.D., 

Clinical  Professor  of  Venereal  Diseases  at  the  College  of  Physicians  and  Surgeons 
(Columbia  College),  New  York ;  Surgeon  to  Bellevue  Hospital,  and  Consulting 
Surgeon  to  City  (Charity)  Hospital,  New  York. 

THE  PATHOLOGY  AND  TREATMENT  OF  VENEREAL 
DISEASES.  Royal  8vo,  cloth,  pp.  1002.  Illustrated  with  230 
engravings  in  the  text  and  7  coloured  plates.  Price  22s.  nett. 

Text- Book  on  Nervous  Diseases.     By  American 
Authors. 

See  DERCUM. 

Text- Book    of   Physiology.       By   British    Phy- 
siologists. 

See  SCHAFER. 

Text=Book  of  Medicine.     By  British  Teachers. 

See  GIBSON. 

Text- Book  of  Pharmacology  and  Therapeutics. 
By  British  and  American  Teachers. 

See  WHITE. 

Thomson,  J.  Arthur,  M.A., 

Regius  Professor  of  Natural  History  in  the  University  of  Aberdeen. 

OUTLINES  OF  ZOOLOGY.  Third  Edition,  revised  and  enlarged. 
Crown  8vo,  cloth,  pp.  xx.,  820,  with  323  illustrations  in  the  text. 
Price  15s.  (Pentlantfs  Students'  Manuals.} 
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Walley,  Thomas,  M.R.C.V.S., 

Late  Principal  of  the  Edinburgh  Royal  (Dick's)  Veterinary  College;    Professor  of 
Veterinary  Medicine  and  Surgery. 

A  PRACTICAL  GUIDE  TO  MEAT  INSPECTION.  Fourth 
Edition,  thoroughly  revised  and  edited  by  J.  M'FADYEAN,  Principal 
and  Professor  of  Comparative  Anatomy,  Royal  Veterinary  College, 
London.  Post  8vo,  cloth,  pp.  xvi.,  198,  with  coloured  illustrations. 
Price  10s.  6d.  In  Press. 


Waring,  H.  J.,  M.S.,  B.Sc.(Lond.),  F.R.C.S., 

Demonstrator  of  Operative  Surgery,  and  Senior  Demonstrator  of  Anatomy,  St 
Bartholomew's  Hospital ;  Senior  Assistant  Surgeon,  Metropolitan  Hospital;  Surgeon 
to  the  Belgrave  Hospital  for  Children,  London. 

DISEASES  OF  THE  LIVER,  GALL  BLADDER,  AND 
BILIARY  SYSTEM;  their  Pathology,  Diagnosis,  and  Surgical 
Treatment.  8vo,  cloth,  pp.  xvi.,  385,  with  58  engravings.  Price 
12s.  6d.  nett. 

MANUAL  OF  OPERATIVE  SURGERY.  Crown  8vo,  cloth,  pp. 
xxxii.,  662,  with  420  illustrations  in  the  text.  Price  12s.  6d. 


Warren,  Qeo.  W.,  D.D.S., 

Clinical  Chief,  Pennsylvania  College  of  Dental  Surgery. 
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